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a b s t r a c t 

Background: No established methodology exists for diagnosis of aortic stenosis (AS) using focused cardiac 

ultrasound (FOCUS). We evaluated the diagnostic accuracy of our developed visual AS score for screening 

AS in an emergency department. 

Methods: Seventy-two emergency outpatients with suspected cardiovascular disease were studied. Emer- 

gency physicians assessed the visual AS score in addition to conducting the standard FOCUS, and then the 

aortic valve area index (AVAI) was measured by expert sonographers in the echocardiography laboratory. 

AVAI values > 0.85 cm 

2 /m 

2 , 0.6–0.85 cm 

2 /m 

2 , and < 0.6 cm 

2 /m 

2 were defined as no or mild AS, moderate 

AS, and severe AS, respectively. 

Results: Seventeen (24%) patients had moderate or severe AS. Visual AS scores assessed by emergency 

physicians and by expert sonographers showed excellent agreement ( κ = 0.93), and a strong association 

was noted between the visual AS score assessed by emergency physicians and the AVAI assessed by ex- 

pert sonographers ( R = –0.71, p < 0.0 0 01). A visual AS score ≥3 assessed by emergency physicians had a 

sensitivity of 82%, specificity of 100%, positive predictive value of 100%, and negative predictive value of 

95% for diagnosing moderate or severe AS. The prevalence of new-onset AS-related events during hospi- 

talization was higher in patients with visual AS score ≥3 assessed by emergency physicians than in the 

remaining patients [7 (50%) vs. 2 (3%), p < 0.0 0 01]. 

Conclusion: The visual AS score is a useful AS screening tool for emergency physicians who are not expert 

cardiologists. 

© 2020 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved. 
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Aortic stenosis (AS) is a common valvular disease in clinical 

ractice, with a growing global prevalence in the aging popula- 

ion [ 1 , 2 ]. Patients who visit emergency departments with various 

ymptoms may often have AS-related pathophysiology and may 

ometimes require urgent diagnosis and treatment [3] . Transtho- 

acic echocardiography is the standard procedure for screening AS 

nd for diagnosing AS severity [4] ; however, performing a com- 

rehensive evaluation of AS in emergency situations can be diffi- 
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ult because the assessment takes time, experienced knowledge or 

echniques, and special equipment, such as spectral Doppler. 

The rapid evaluation of acute or critical medical conditions 

as improved in recent years with the introduction of point-of- 

are (POC) ultrasonography [ 5 , 6 ]. One type of POC, focused car- 

iac ultrasound (FOCUS), is widely used in emergency settings 

o assess hemodynamic or cardiovascular pathophysiology, includ- 

ng hypovolemic shock, cardiogenic shock, congestive heart fail- 

re, pulmonary embolism, or cardiac tamponade [ 7 , 8 ]. However, 

o method has yet been established for the use of FOCUS in the 

iagnosis of AS. 

We have previously developed a visual AS score to use as a 

imple index for AS screening with rapid echocardiography using 

 pocket-sized device [9] . In that study, we showed a close cor- 

elation between the visual AS score and the severity of AS, as 
erved. 
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n. Copyright ©2021. Elsevier Inc. All rights reserved.

https://doi.org/10.1016/j.jjcc.2020.12.006
http://www.ScienceDirect.com
http://www.elsevier.com/locate/jjcc
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jjcc.2020.12.006&domain=pdf
mailto:furukawaatsuko0705@hotmail.com
https://doi.org/10.1016/j.jjcc.2020.12.006


A. Furukawa, Y. Abe, A. Morizane et al. Journal of Cardiology 77 (2021) 613–619 

e

f

c

p

t

A

A

T

c

d

o

M

S

K

p

g

a

h

t

w

w

a

w

T

o

w

E

g

p

d

s

t

l

m

P

e

w

t

p

t

m

o

t

fi

s

s

s

(

T

e

o

v

b

c

c

t

v

i

t

t

t

a

s

d

o

w

s

d

f

s

S

w

e

t

a

t

g

(

(

h

t

m

l

t

n

a

f

m

i

T

t

p

t

i

v

r

m

s

c

a

e

a

S

p

C

d

t

t

i

t

0

a

valuated with an aortic valve area index (AVAI). We also success- 

ully diagnosed clinically significant AS with a high diagnostic ac- 

uracy using the visual AS score. In a subsequent study, we re- 

orted that the combination of our visual AS score and the conven- 

ional aortic valve calcification score [ 10 , 11 ] could predict further 

S-related events [12] . We therefore hypothesized that our visual 

S score might be useful in screening AS in emergency settings. 

he aim of the present study was to investigate the diagnostic ac- 

uracy of the visual AS score for AS screening in an emergency 

epartment by emergency physicians who were not expert cardi- 

logists. 

ethods 

tudy population 

This prospective, observational study was conducted at the 

ochi Health Sciences Center, a secondary and tertiary emergency 

ublic hospital. Between September 2018 and October 2019, emer- 

ency outpatients with suspected cardiovascular diseases, such 

s chest symptoms, consciousness disorder, abnormal vital signs, 

eart murmur, or abnormal electrocardiograms were enrolled. Pa- 

ients with bicuspid aortic valve or a known detailed history of AS 

ere excluded. Patients were also excluded if technical difficulty 

as encountered in observing the aortic valve cusps in a short- 

xis view or in evaluating the aortic valve area (AVA) calculated 

ith the continuity equation in comprehensive echocardiography. 

he study protocol was approved by the institutional review board 

f the Kochi Health Sciences Center, and written informed consent 

as obtained from all patients. 

ducation of emergency physicians 

Seven emergency physicians in their third to thirteenth post- 

raduate training year who were working in the emergency de- 

artment participated in the study. They were not experts in car- 

iology or ultrasonography, but they had already acquired the ba- 

ic techniques of FOCUS. They also underwent a brief 30-minute 

raining program for the present study. The program consisted of 

ectures dealing with the theoretical basics and pitfalls in assess- 

ent of a visual AS score by the expert echocardiographer. 

oint-of-care echocardiography by emergency physicians 

Emergency physicians performed primary medical care for 

mergency outpatients in the emergency department. Patients 

ith abnormal vital signs were evaluated with FOCUS and with 

he visual AS score immediately upon visiting the hospital. Other 

atients were also immediately evaluated with FOCUS and with 

he visual AS score if they presented with chest symptoms, abnor- 

al vital signs, or other abnormal examination findings suspicious 

f cardiovascular diseases. The emergency physicians were permit- 

ed to confirm other test results, including auscultation, laboratory 

ndings, electrocardiograms, X-rays, or other imaging modalities 

uch as computed tomography scans, and they could start neces- 

ary treatment for the patients. 

The emergency physicians performed conventional FOCUS and 

coring of the visual AS score with portable CX-50 instruments 

Philips Medical Systems, Andover, MA, USA), defined as POC-echo. 

he POC-echo procedure was performed at the bedside in the 

mergency department, with the patients in the supine position 

r, when possible, in the left-lateral decubitus position. The con- 

entional FOCUS assessment involved visualizing a limited num- 

er of views, such as subcostal long axis, subcostal inferior vena 

ava, parasternal long-axis, parasternal short-axis, and apical four- 

hamber views, to assess the left and right ventricular size or sys- 
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olic function, pericardial effusion or tamponade physiology, and 

olume status [7] . A visual AS score was evaluated by orientat- 

ng the transducer and adjusting it to show the aortic valve in 

he parasternal short-axis view, so that the valve was centered in 

he display as clearly as possible. The lines between each of the 

hree commissures were visualized in the physician’s mind. Each 

ortic cusp opening was scored visually as follows: 0 = not re- 

tricted, 1 = restricted, or 2 = severely restricted. When a cusp 

id not open over the line between the commissures, the cusp 

pening was classified as restricted. When a cusp systolic motion 

as severely reduced or absent, the cusp opening was classified as 

everely restricted. The sum of the scores for the three cusps was 

efined as the visual AS score (range, 0–6) [9] . The time required 

or POC-echo was under 5 min. Examples of scoring the visual AS 

core are shown in Fig. 1 . 

tandard echocardiography 

After admission to the hospital, the study subjects under- 

ent comprehensive standard echocardiography (STD-echo) in the 

chocardiography laboratory managed and maintained according to 

he guidelines [13] . The STD-echo was performed within 2 weeks 

fter the POC-echo during hospitalization, depending on each pa- 

ient’s need. The STD-echo was conducted by level 3 trained sono- 

raphers [14] blinded to the data obtained from POC-echo. Vivid E9 

GE Vingmed Ultrasound, Horten, Norway), EPIQ CVx, and EPIQ 7 G 

Philips Medical Systems) instruments were used in the second- 

armonic mode. 

The left ventricular diastolic and systolic dimension, left ven- 

ricular mass index, and left ventricular ejection fraction were 

easured according to the usual guidelines [15] . Any left ventricu- 

ar wall motion abnormality was also identified and recorded. Aor- 

ic, mitral, and tricuspid valvular regurgitations were qualified as 

one, mild, moderate, or severe using a multiparametric approach 

ccording to the guidelines [16] . Doppler flow data were obtained 

rom the left ventricular outflow tract region in the pulsed-wave 

ode and from the aortic valve in the continuous-wave mode us- 

ng multiple transducer positions to obtain the maximal velocity. 

he diameter of the left ventricular outflow tract was measured in 

he parasternal long-axis view at the position used to obtain the 

ulsed wave Doppler data. The AVA (AVA = area outflow 

× velocity- 

ime integral outflow 

/velocity-time integral valve ) was calculated us- 

ng the continuity equation. The AVAI values were obtained by di- 

iding the AVA by the body surface area [17] . AVAI > 0.85 cm 

2 /m 

2 

epresented no to mild AS, AVAI = 0.6–0.85 cm 

2 /m 

2 indicated 

oderate AS, and AVAI < 0.6 cm 

2 /m 

2 signified severe AS. 

The visual AS score was also assessed using STD-echo. The vi- 

ual AS score and all quantitative parameters during systole, in- 

luding the Doppler flow data for calculating AVA, were evaluated 

t a beat with equal subsequent cycles, both in POC-echo and STD- 

cho, for patients with atrial fibrillation, as previously reported for 

ssessment of hemodynamics in atrial fibrillation [18] . 

tatistical analysis 

Categorical variables were expressed as absolute values and 

ercentages, and they were compared using the chi-square test. 

ontinuous variables were expressed as the mean ± standard 

eviation and were compared between groups with Student’s t - 

est. Linear regression analysis was applied to study the correla- 

ion between continuous variables. Agreement was evaluated us- 

ng weighted Cohen’s kappa coefficient with 95% confidence in- 

ervals (CIs). Kappa values of < 0.20, 0.21–0.40, 0.41–0.60, 0.61–

.80, and 0.81–1.0 were considered to indicate poor, fair, moder- 

te, good, and excellent agreement, respectively. Standard methods 
ardiology from ClinicalKey.com by Elsevier on May 19, 
n. Copyright ©2021. Elsevier Inc. All rights reserved.
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Fig. 1. Examples of the assessment of the visual aortic stenosis (AS) score. Each aortic cusp opening was visually scored as follows: 0 = not restricted, 1 = restricted, or 

2 = severely restricted. The sum of the scores for the three cusps was defined as the visual AS score (range, 0–6). Examples are shown in (A) through (D). 
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ere used to calculate the sensitivities, specificities, positive pre- 

ictive values, negative predictive values, accuracies, positive like- 

ihood ratios, and negative likelihood ratios of the visual AS score 

or diagnosing moderate or severe AS. The cut-off value was con- 

idered optimal when the sum of the sensitivity and the speci- 

city was the highest. Logistic regression analysis was applied to 

tudy the association between the assessment regarding significant 

S and the cardiovascular events during hospitalization. All statis- 

ical analyses were performed using commercially available Med- 

alc Statistical Software (version 19.1, MedCalc Software, Ostend, 

elgium). A p -value < 0.05 was considered statistically significant. 

esults 

We recruited 80 consecutive emergency outpatients admitted to 

he Kochi Health Sciences Center. Assessment of visual AS scores 

as feasible in 74 (93%) patients. Technical difficulties were en- 

ountered in six patients when attempting to visualize aortic valve 

usps in POC-echo and these six patients were excluded. Five of 

hese six patients also could not be assessed for visual AS score 

sing STD-echo. We excluded 2 more patients because of techni- 

al difficulties in applying the continuity equation for poor image 

uality or for the observation of the coexistence of significant ac- 

eleration flow at the left ventricular outflow tract in STD-echo. No 

atients had bicuspid aortic valves. The remaining 72 patients con- 

tituted the final study group. 

Table 1 shows the baseline clinical characteristics of all patients. 

he average age was 78 ± 14 years, and 41 (57%) patients were 

ale. In the emergency department, 18 (25%) patients underwent 
615 
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chocardiographic assessment for respiratory disorder, 17 (24%) for 

ypotension or shock, 15 (21%) for consciousness disorder, 6 (8%) 

or abnormal electrocardiograms, 6 (8%) for fever, 5 (7%) for prior 

istory of heart disease, 4 (6%) for chest pain, and 1 (1%) for pe- 

ipheral embolism. 

Cardiovascular disorders were raised as the main diagnosis on 

dmission in 17 (24%) patients; these disorders included conges- 

ive heart failure in 9 (13%), arrhythmia in 3 (4%), ischemic heart 

isease in 2 (3%), syncope due to AS in 1 (1%), pulmonary em- 

olism in 1 (1%), and aortic dissection in 1 (1%). By contrast, non- 

ardiovascular disorders were raised as the main diagnosis on ad- 

ission in 55 (76%) patients; these disorders included infectious 

iseases in 14 (19%), trauma in 9 (13%), cerebrovascular diseases 

n 8 (11%), respiratory diseases in 8 (11%), gastrointestinal diseases 

n 7 (10%), and other disorders in 9 (13%). Patients with moderate 

r severe AS evaluated by STD-echo were older than those with 

o or mild AS evaluated by STD-echo. No significant differences 

ere noted in other baseline clinical characteristics between pa- 

ients with no or mild AS and those with moderate or severe AS 

valuated by STD-echo. 

Table 2 shows the results of echocardiography for POC-echo and 

TD-echo. The heart rate was higher for POC-echo than for STD- 

cho (92 ± 23 bpm vs. 82 ± 19; p = 0.002). For STD-echo, the 

ean left ventricular ejection fraction was 61.0 ± 12.5%. Overall, 

5 (76%) patients were diagnosed as having no or mild AS, 6 (8%) 

s having moderate AS, and 11 (15%) as having severe AS, as de- 

ned by the AVAI with STD-echo. Consequently, moderate or se- 

ere AS was seen in 17 (24%) patients. Atrial fibrillation was more 

requent in patients with moderate or severe AS than in those with 
ardiology from ClinicalKey.com by Elsevier on May 19, 
n. Copyright ©2021. Elsevier Inc. All rights reserved.
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Table 1 

Baseline clinical characteristics. 

All ( n = 72) No or mild AS ( n = 55) Moderate or severe AS ( n = 17) p 

Age (years) 78 ± 14 76 ± 15 86 ± 6 0.0059 

Male (%)/female (%) 41 (57)/31 (43) 31 (56)/24 (44) 10 (59)/7 (41) 0.8589 

Body mass index (kg/m 

2 ) 22.6 ± 3.9 22.6 ± 4.1 22.6 ± 3.6 0.9812 

Body surface area (m 

2 ) 1.5 ± 0.2 1.5 ± 0.2 1.5 ± 0.1 0.2658 

Heart rate (bpm) 92 ± 23 91 ± 24 94 ± 20 0.7101 

Systolic blood pressure (mmHg) 134 ± 35 136 ± 34 124 ± 39 0.2249 

Diastolic blood pressure (mmHg) 81 ± 22 83 ± 22 77 ± 23 0.3605 

Reason for echocardiographic assessment 0.1781 

Respiratory disorder (%) 18 (25) 13 (24) 5 (29) 

Hypotension or shock (%) 17 (24) 12 (22) 6 (35) 

Consciousness disorder (%) 15 (21) 10 (18) 4 (24) 

Abnormal electrocardiogram (%) 6 (8) 6 (11) 0 (0) 

Fever (%) 6 (8) 6 (11) 0 (0) 

Prior history of heart disease (%) 5 (7) 4 (7) 1 (6) 

Chest pain (%) 4 (6) 3 (5) 1(6) 

Peripheral embolism (%) 1 (1) 1 (2) 0 (0) 

Diagnoses on admission 0.4082 

Cardiovascular disease (%) 17 (24) 12 (22) 5 (29) 

Congestive heart failure (%) 9 (13) 6 (11) 3 (18) 

Arrhythmia (%) 3 (4) 3 (5) 0 (0) 

Ischemic heart disease (%) 2 (3) 1 (2) 1 (6) 

Syncope due to AS (%) 1 (1) 0 (0) 1 (6) 

Pulmonary embolism (%) 1 (1) 1 (2) 0 (0) 

Aortic dissection (%) 1 (1) 1 (2) 0 (0) 

Infection or sepsis (%) 14 (19) 10 (18) 4 (24) 

Trauma (%) 9 (13) 8 (15) 1 (6) 

Cerebrovascular disease (%) 8 (11) 6 (11) 2 (12) 

Respiratory disease (%) 8 (11) 6 (11) 2 (12) 

Gastrointestinal disease (%) 7 (10) 5 (9) 2 (12) 

Other disorders (%) 9 (13) 8 (15) 1 (6) 

AS, aortic stenosis. 

Table 2 

Results of echocardiography. 

All ( n = 72) No or mild AS ( n = 55) Moderate or severe AS ( n = 17) p 

POC-echo 

Heart rate (bpm) 92 ± 23 91 ± 24 94 ± 20 0.7101 

Heart rhythm 0.0417 

Sinus rhythm (%) 50 (69) 42 (76) 8 (47) 

Atrial fibrillation (%) 17 (24) 9 (16) 8 (47) 

Atrioventricular block (%) 3 (4) 3 (5) 0 (0) 

Pacing rhythm (%) 2 (3) 1 (2) 1 (6) 

Visual AS score < 0.0001 

0 (%) 52 (72) 50 (91) 2 (12) 

1 (%) 4 (6) 3 (5) 1 (6) 

2 (%) 2 (3) 2 (4) 0 (0) 

3 (%) 3 (4) 0 (0) 3 (18) 

4 (%) 5 (7) 0 (0) 5 (29) 

5 (%) 2 (3) 0 (0) 2 (12) 

6 (%) 4 (6) 0 (0) 4 (24) 

STD-echo 

Heart rate (bpm) 82 ± 19 80 ± 18 87 ± 22 0.1777 

Heart rhythm 0.0009 

Sinus rhythm (%) 56 (78) 48 (87) 8 (47) 

Atrial fibrillation (%) 13 (18) 5 (9) 8 (47) 

Atrioventricular block (%) 2 (3) 1 (2) 0 (0) 

Pacing rhythm (%) 1 (1) 1 (2) 1 (6) 

Left ventricular wall motion abnormality (%) 14 (19) 11 (20) 3 (18) 0.8315 

Left ventricular mass index (g/m 

2 ) 94.7 ± 26.4 93.5 ± 24.9 98.2 ± 31.8 0.5309 

Left ventricular end-diastolic volume (ml) 69.6 ± 27.0 70.3 ± 26.2 67.4 ± 30.8 0.7034 

Left ventricular end-systolic volume (ml) 29.2 ± 19.3 29.3 ± 19.9 28.8 ± 18.5 0.9239 

Left ventricular ejection fraction (%) 61.0 ± 12.5 60.9 ± 13.3 61.2 ± 10.1 0.9276 

Left atrial volume index (ml/m 

2 ) 41.4 ± 28.6 35.4 ± 17.1 60.6 ± 46.6 0.0012 

Moderate or severe aortic regurgitation (%) 2 (3) 1 (2) 1 (6) 0.3762 

Moderate or severe mitral regurgitation (%) 18 (25) 9 (16) 8 (47) 0.0097 

Moderate or severe tricuspid regurgitation (%) 14 (19) 7 (13) 6 (35) 0.0358 

Peak aortic-jet velocity (m/s) 2.0 ± 1.0 1.6 ± 0.4 3.4 ± 1.3 < 0.0001 

Mean aortic-valve gradient (mmHg) 12.4 ± 16.9 6.1 ± 3.5 32.8 ± 25.0 < 0.0001 

Stroke volume index (ml/m 

2 ) 40.5 ± 12.3 42.2 ± 12.0 34.9 ± 12.4 0.0336 

AVAI (cm 

2 /m 

2 ) 1.16 ± 0.48 1.36 ± 0.35 0.52 ± 0.20 < 0.0001 

AS severity < 0.0001 

None or mild (%) 55 (76) 55 (100) 0 (0) 

Moderate (%) 6 (8) 0 (0) 6 (35) 

Severe (%) 11 (15) 0(0) 11 (65) 

POC, point-of-care; AS, aortic stenosis; STD, standard; AVAI, aortic valve area index. 
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Fig. 2. Linear regression analysis between the visual aortic stenosis (AS) score as- 

sessed by emergency physicians and the aortic valve area index (AVAI) assessed by 

expert sonographers. A strong correlation was found between the visual AS score 

assessed by emergency physicians and the AVAI assessed by expert sonographers. 

All patients with visual AS score ≥3 had moderate or severe AS. 

Table 3 

Diagnostic accuracy of visual AS score ≥3 for moderate or severe AS, and 

severe AS. 

Moderate or severe AS Severe AS 

Sensitivity (%) 82 91 

Specificity (%) 100 95 

Positive predictive value (%) 100 71 

Negative predictive value (%) 95 98 

Accuracy (%) 96 93 

Positive likelihood ratio high 18 

Negative likelihood ratio 0.18 0.09 

AS, aortic stenosis. 
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Fig. 3. Receiver operating characteristic curves for diagnosis of moderate or severe 
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the sensitivity (82%) and the specificity (100%). The area under the curve (AUC) was 

0.932. 
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o or mild AS. Moderate or severe mitral or tricuspid regurgitation 

as more frequent in patients with moderate or severe AS than in 

hose with no or mild AS. The AVAI for STD-echo was smaller in 

atients with moderate or severe AS than in those with no or mild 

S (0.52 ± 0.20 cm 

2 /m 

2 vs. 1.36 ± 0.35 cm 

2 /m 

2 , p < 0.0 0 01). The

eak aortic-jet velocity and mean aortic-valve gradient for STD- 

cho were higher in patients with moderate or severe AS than 

hose with no or mild AS (3.4 ± 1.3 m/s and 32.8 ± 25.0 mmHg 

s. 1.6 ± 0.4 m/s and 6.1 ± 3.5 mmHg, p < 0.0 0 01 and p < 0.0 0 01,

espectively). The distribution of the visual AS score for POC-echo 

as higher in patients with moderate or severe AS than those with 

o or mild AS ( p < 0.0 0 01). 

The visual AS score assessed by POC-echo and the visual AS 

core assessed by STD-echo had an excellent agreement [ κ = 0.93 

95% CI, 0.88–0.97)]. A strong correlation was found between the 

isual AS score for POC-echo and the AVAI for STD-echo ( R = –

.71, p < 0.0 0 01) ( Fig. 2 ). The area under the curve (AUC) obtained

sing the visual AS score by POC-echo for diagnosing moderate or 

evere AS was 0.932 ( Fig. 3 ). The optimal cut-off value of the vi-

ual AS score for diagnosing moderate or severe AS was 3, and the 

isual AS score ≥3 had a sensitivity of 82% (95% CI, 57–96%) and 

 specificity of 100% (95% CI, 94–100%). The agreement between 

OC-echo and STD-echo for a visual AS score ≥3 or < 3 was ob- 

ained in 99% of the patients [ κ = 0.96 (95% CI, 0.87–1.00)]. The 

iagnostic accuracies of the visual AS score for moderate or severe 

S and for severe AS are shown in Table 3 . 

Among the 17 patients diagnosed as having moderate or severe 

S, 1 patient with severe AS died of acute myocardial infarction 

nd subsequent heart failure and 1 with severe AS died of sep- 

is and subsequent heart failure during hospitalization. One pa- 

ient diagnosed as having moderate AS underwent a worsening of 

ongestive heart failure during hospitalization and another 4 pa- 

ients with severe AS underwent surgical or transcatheter aortic 
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alve replacement during hospitalization. All seven of these pa- 

ients who experienced new-onset cardiovascular events or aor- 

ic valve replacement during hospitalization had visual AS scores 

3, as assessed by POC-echo. The prevalence of new-onset AS- 

elated events including cardiac death, congestive heart failure, and 

ortic valve replacement during hospitalization was higher in pa- 

ients with moderate or severe AS assessed by STD-echo than in 

atients with no or mild AS [7 (41%) vs. 2 (4%), p < 0.0 0 01 by

he chi-square test; odds ratio 18.6 (95%CI 3.4–103), p = 0.0 0 08 by 

he logistic regression analysis). Similarly, the prevalence of new- 

nset AS-related events during hospitalization was higher in pa- 

ients with visual AS score ≥3 assessed by POC-echo than in those 

ith visual AS score < 3 [7 (50%) vs. 2 (3%), p < 0.0 0 01 by the

hi-square test; odds ratio 28.0 (95%CI 4.8–162), p = 0.0 0 02 by the 

ogistic regression analysis]. 

iscussion 

The present study examined the usefulness of our developed vi- 

ual AS score in screening AS by emergency physicians who were 

ot expert cardiologists. The main results of the present study 

ere: 1) the observation of a strong correlation between the visual 

S score for POC-echo performed by emergency physicians and the 

VAI for STD-echo performed by expert sonographers; 2) a visual 

S score ≥3 for POC-echo performed by emergency physicians had 

n excellent diagnostic accuracy for moderate or severe AS; and 3) 

he prevalence of new-onset AS-related events during hospitaliza- 

ion was higher in patients with visual AS score ≥3, as assessed by 

OC-echo in the emergency department, than in those with visual 

S score < 3. 

AS is a progressive and life-threatening disease that carries the 

isk of severe congestive heart failure, cardiogenic shock, or sudden 

ardiac death in a symptomatic or even in an asymptomatic stage 

 10 , 19–21 ]. Degenerative AS is one of the most common valvular 

iseases, especially in elderly populations. Consequently, patients 

ith degenerative AS can present to the emergency department 

ith symptoms ranging from early disease to cardiogenic shock. 
ardiology from ClinicalKey.com by Elsevier on May 19, 
n. Copyright ©2021. Elsevier Inc. All rights reserved.
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oreover, a certain number of patients with non-cardiovascular 

isorders also present to the emergency department accompanied 

ith undiagnosed AS or with known but asymptomatic AS [ 22 , 23 ].

n early and accurate diagnosis of clinically significant AS is there- 

ore very important to ensure delivery of the correct treatments 

n emergency situations and could prevent subsequent fatal events 

uring hospitalization or provide alternatives to surgical or tran- 

catheter aortic valve replacement for symptom relief and/or in- 

reased life expectancy [24-27] . However, the current recommen- 

ations to determine AS require quantitative measurements using 

pectral Doppler from multiple views, and this must be performed 

y experts with experience, knowledge, and skills in echocardiog- 

aphy techniques [4] . 

POC ultrasonography is commonly used for determining the ini- 

ial management of patients in the setting of the emergency de- 

artment, critical care unit, and clinic, or even outside of the hos- 

ital by clinicians who have received at least focused training in 

ltrasound image acquisition and interpretation. It is noninvasive 

nd immediately repeatable at bedside, along with the patient’s 

ondition changes. Therefore, diagnostic POC ultrasonography in 

mergency settings may lead to early diagnosis and early treat- 

ent, thereby shortening lengths of stay in the emergency depart- 

ent, preventing prolonged discomfort, circumventing adverse ef- 

ects due to incorrect treatment choices, and decreasing morbidity 

nd mortality. 

FOCUS is generally utilized as a qualitative echocardiography 

echnique, and it makes use of simple ultrasound equipment and 

asic ultrasound modes, such as primary B-mode (2D/greyscale) 

nd occasionally color Doppler. Some articles have evaluated AS in 

OCUS using calcification or a lack of morbidity of the aortic cusps 

r leaflets [28-30] , whereas they used only subjective, vague, and 

nconvincing methods for diagnosing AS. We consider that our de- 

eloped visual AS score could overcome this drawback of FOCUS. 

In emergency settings, it is often difficult to place patients in 

he left-lateral decubitus position due to their condition, which 

ay be less stable or less clear than in an echocardiography lab- 

ratory. Additionally, physicians sometimes encounter difficulties 

ith showing the aortic valve in the short-axis view for geomet- 

ical reasons, such as sigmoid septum, and the visual AS scores 

end to misestimate the severity of AS in such cases. However, it 

s not necessary to visualize the three cusps of the aortic valve at 

nce to assess the visual AS score, and it should be acceptable to 

ssess the mobility of each of the cusps separately, adjusting the 

ngle or rotation of the probe. Therefore, the visual AS score for 

OC-echo demonstrates good accuracy for screening or diagnosing 

linically significant AS in the present study. In the present study, 

mergency physicians could perform POC-echo within a short time 

sing portable echocardiography. Overall, 55 (78%) of the patients 

ere examined in a supine position, and a visual AS score could 

e assessed feasibly in 93% of all the enrolled patients. The visual 

S score in POC-echo agreed well with the score obtained with 

TD-echo, and a visual AS score ≥3 had fair sensitivity and perfect 

pecificity for moderate or severe AS. 

We consider that our finding that a visual AS score of ≥3 in- 

icates clinically significant AS is reasonable. Provided that the ra- 

ius of the aortic annular ring is 1 cm, the area of the regular tri-

ngle is calculated as 1.3 cm 

2 , which corresponds closely to the 

ut-off value of 1.5 cm 

2 for diagnosing more than moderate AS 

nder current guidelines. Additionally, considering the mean body 

urface area of 1.5 m 

2 of the population in the present study, the 

VAI would be 0.86 cm 

2 /m 

2 , which corresponds almost exactly to 

he cut-off value of 0.85 cm 

2 /m 

2 for diagnosing more than moder- 

te AS under current guidelines. Our results suggest that if patients 

ave a visual AS score ≥3, they need specialized evaluation of their 

S severity and a detailed diagnosis. By contrast, if they have a 

isual AS score < 3, they do not require further examination for 
618 
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S. Notably, the prevalence of new-onset AS-related events during 

he hospitalization was significantly higher in patients with visual 

S scores ≥3 assessed by POC-echo in the emergency department 

han in those with visual AS scores < 3. This result was consistent 

ith the principle that the emergency department should have the 

bility to provide rapid treatments for lifesaving and an accurate 

iagnosis for avoiding adverse events during hospitalization. 

This study had several limitations. One is that our study in- 

luded only a small population of patients and attending physi- 

ians from a single center. In addition, our patients were gener- 

lly thin (body surface areas of about 1.5 m 

2 ), as is usually seen

n the Japanese population. Therefore, the acquisition of excellent 

chocardiographic images might have been easier than in other 

opulations. Multicenter studies that include larger populations of 

atients with a wider range of ethnicities and emergency physi- 

ians will be needed to clarify the general utility of our devel- 

ped visual AS score. A second limitation is that physical examina- 

ion findings were not included in the present study. The transmis- 

ion to the neck of a systolic ejection murmur, diminished second 

eart sound, delayed carotid artery upstroke, and carotid artery 

hudder are the physical findings representing significant AS, and 

hese should be assessed as the first-line means of diagnosing AS. 

n the present study, performing a physical examination was left 

o the discretion of each emergency physician, and the diagnostic 

ccuracy was not studied because the abilities to perform phys- 

cal examinations obviously varied among emergency physicians. 

 concern remains that physical examination findings might have 

reated some bias in the subsequent assessment of the visual AS 

core. In our opinion, however, this might be a strength of the 

resent study, rather than a limitation. FOCUS is originally per- 

ormed in combination with physical examinations and sometimes 

ould be a reliable tool for enhancing the physical examination 

ndings. Therefore, our data most likely reflect real-world clinical 

ata. The last limitation is that the present study did not investi- 

ate low gradient AS [31-34] . The visual AS score is based on the 

imple concept of estimating the degree of aortic valve opening or 

alve area, which depends on flow dynamics, such that the cases 

f significant AS diagnosed with the visual AS score might include 

ruly significant AS and pseudo-significant AS. However, we believe 

hat the remarkable utility of the visual AS score is in screening for 

S, and it is therefore appropriate to rule-in significant AS using 

he visual AS score and to then give a definitive diagnosis after a 

ubsequent detailed examination, such as stress echocardiography. 

onclusions 

A visual AS score obtained with our novel and simple method 

y emergency physicians who were not experts in cardiology gave 

 reasonable diagnostic accuracy as a screening tool for AS. A vi- 

ual AS score < 3 with FOCUS can successfully rule out clinically 

ignificant AS and a visual AS score ≥3 requires further exami- 

ation for quantitative assessment to evaluate the AS severity by 

omprehensive echocardiography. Our results also suggest that the 

isual AS score can simply detect patients with high probabilities 

f AS-related events in the emergency department. 
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