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Abstract: Objective: This study was conducted to evaluate the association of echocardiographic parameters used in left
ventricular (LV) diastology with the early results of non-ST elevation acute coronary syndrome (NSTE-ACS)
workup in the hospital.
Methods: This cross-sectional study was performed on patients presenting with acute chest pain and a diagno-
sis of NSTE-ACS including only patients with unstable angina (UA) and non-ST elevation myocardial infarction
(NSTEMI). All patients underwent transthoracic echocardiography in the emergency room (ER) within 12 hours
of the last episode of chest pain. An invasive approach was not uniformly pursued in all of the patients so
analysis was performed in two different settings. First, analysis was performed in the patients that underwent
coronary angiography (CAG) and echocardiographic data were compared between those with normal and ab-
normal CAG results. Finally, echocardiographic data of the patients with normal diagnostic results (i.e., normal
exercise tolerance test (ETT), myocardial perfusion imaging (MPI) or coronary angiography (CAG) results) were
compared with the data of the patients with abnormal test results.
Results: Eighty patients with a mean age of 54.43 ± 12.38 years were included in the study, of whom 57 (71.2%)
were male. Fifty-three patients underwent CAG. In these 53 patients, there was significant difference in mi-
tral annular velocity in early diastole (e’), ratio of mitral inflow velocity to e’ (E/e’), left ventricular end-diastolic
diameter (LVEDD) and left ventricular end-diastolic pressure (LVEDP) between patients with coronary artery in-
volvement and those with normal coronary artery (P<0.05). The area under the receiver operating characteristic
(ROC) curve to predict CAG results for e’, E/ e’, LVEDD and LVEDP was more than 0.65. The sensitivity and speci-
ficity of the LV diastolic dysfunction for predicting coronary involvement was 94.4% and 35.29%, respectively.
Comparison of echocardiographic data between patients with normal test results (non-invasive and invasive)
and those with abnormal diagnostic tests showed a significant difference in e’, E/e’, acceleration time of E, LV
end-diastolic diameter index, size of interventricular septum and left atrial volume.
Conclusion: The results suggest that diastolic dysfunction data can be used as an adjunctive method to evaluate
ACS patients in the ER.
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1. Introduction

Acute coronary syndrome (ACS) is a prevalent leading cause

of death worldwide (1-3). Based on electrocardiography

(ECG) and biochemical findings, it has different presenta-

tions such as ST elevation myocardial infarction (STEMI),

non-ST elevation myocardial infarction (NSTEMI) and un-

stable angina (UA). In patients with UA, cardiac biomarkers

remain unchanged, adding more challenge to the diagnosis

(4-6). Better management of non-ST elevation ACS (NSTE-

ACS) cases, including NSTEMI and UA, is achieved by early

risk stratification. Current guidelines recommend that high-

risk patients should undergo coronary angiography (CAG)

within 24 hours whereas those with lower risk may undergo

CAG within 72 hours (5).

Studies have shown that following ACS, the diastolic function

of the left ventricle changes as a result of alteration in the my-

ocardial structure, and NSTE-ACS patients show changes in

the trans-mitral blood flow due to left ventricular (LV) dys-

function (7). Although the diastolic dysfunction may be cor-

rected following the removal of occlusion, a mild dysfunction

is likely to persist for 24 hours (4). The role of echocardio-

graphy and, in particular, diastolic dysfunction assessment

in early risk stratification has not yet been defined in NSTE-

Copyright © 2022 Tehran University of Medical Sciences
This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license (https://creativecommons.org /licenses/by-nc/4.0/).
Noncommercial uses of the work are permitted, provided the original work is properly cited. 1



FRONTIERS IN EMERGENCY MEDICINE. 2022;6(2):e17 F ar zadi et al .

ACS patients. As diastolic dysfunction occurs soon after coro-

nary artery occlusion, it is hypothesized that diastolic func-

tion assessment may provide information that can be used

in early risk stratification in the emergency room (ER), es-

pecially when the results of cardiac biomarkers are not yet

ready. This study was conducted to evaluate the association

of echocardiographic parameters used in diastology with the

early results of NSTE-ACS workup in the hospital.

2. Methods

2.1. Study design and setting

A cross-sectional study was conducted in an educational

medical center in Tehran, Iran. Clinical Research Ethics

Committee of the hospital approved the study and written

informed consent was obtained from the patients. Manage-

ment of the patients and decision-making regarding adop-

tion of invasive vs. non-invasive testing were done by the

in-charge attending cardiologist and the researchers had no

contribution to the patients’ workup.

2.2. Study population

The current study was conducted on patients with acute

chest pain presenting to the ER in whom a diagnosis of acute

coronary syndrome was made based on the history, ECG

findings, and/or biomarker results. The exclusion criteria

were STEMI, non-sinus rhythm, more than moderate mi-

tral regurgitation, mitral stenosis, any factor preventing pre-

cise assessment of diastolic function, diagnoses other than

ACS in the course of hospitalization, history of diuretic con-

sumption, and a left ventricular ejection fraction (LVEF) be-

low 45%. Eighty consecutive patients were enrolled in this

research.

Based on the Thrombolysis in Myocardial Infarction (TIMI)

risk score, ACS patients were categorized into three groups of

low risk (score: 0-2), intermediate risk (score: 3-4) and high

risk (score: 5-7). CAG was done in intermediate and high-risk

patients, whereas low-risk patients underwent non-invasive

methods including exercise tolerance test (ETT) or myocar-

dial perfusion imaging (MPI) with dipyridamole or dobu-

tamine infusion. Echocardiography was performed for all pa-

tients within 12 hours of the last episode of chest pain. Al-

though CAG is the gold standard method for evaluation of

coronary artery disease, an invasive approach was not con-

sidered in low-risk patients or patients with negative non-

invasive test results. No follow-up was considered after dis-

charge in this research.

2.3. Patients’ assessment and data collection

Upon admission, the patients were visited by the ER physi-

cians and proper testing and management were imple-

mented. For each patient, a detailed history regarding car-

diac risk factors was taken. Further diagnostic workup was

considered after cardiology consultation. An invasive ap-

proach was not uniformly pursued in all the patients; there-

fore, analysis was carried out in two different settings. First,

analysis was performed in the patients that underwent CAG

and echocardiographic data were compared between those

with normal and abnormal CAG findings including mild

CAD, single-vessel, two-vessel, three-vessel and multi-vessel

CAD. Finally, the echocardiographic data of the patients with

normal diagnostic results (i.e., normal ETT, MPI or CAG re-

sults) were compared with the data of the patients with ab-

normal test results.

2.3.1. 2D Echocardiography
Transthoracic echocardiography (TTE) was performed in the

ER within 12 hours after the last episode of the chest pain. All

echocardiographic examinations were performed and saved

by one cardiologist who was aware of the purpose of the

study but had no role in medical management or clinical

decision-makings. Measurement of parameters and analysis

of diastolic function were performed offline by another ex-

pert echocardiography fellow who was blind to the patients’

history and had no contribution to their medical manage-

ment. Echocardiography was done using the General Electric

Vivid S5 or Affinity 50 (Philips) machine. Evaluation of a nor-

mal or abnormal LV diastolic pattern was done according to

the 2009 American Society of Echocardiography (ASE) guide-

line (8).

Echocardiographic parameters are shown in figure 1. In

the apical four-chamber view, a 3-mm sample volume was

placed in the tip of mitral leaflets and peak velocity in early

diastole (E wave), late diastole (A wave) and deceleration

time (DT) of the E wave to the baseline were measured. The

velocity of the septal mitral annulus in early (e’) and late (a’)

diastole were also measured in tissue Doppler imaging (TDI).

Other parameters that aided in the assessment of LV dias-

tolic dysfunction included LA volume index, and TR veloc-

ity. To evaluate pulmonary venous (PV) flow, a 3-mm sam-

ple volume was placed in the orifice of right lower pulmonary

vein in the apical four-chamber view to measure peak veloc-

ity and velocity time integral (VTI) of systolic, diastolic and

atrial flow reversal of the pulmonary vein.

Abnormal LV diastolic patterns include mild, moderate and

severe LV diastolic dysfunction based on the ASE guideline

(9). Multiple supplementary indices that are not routinely

measured in clinical diastology including peak acceleration

rate of mitral E wave and peak acceleration rate of mitral e’

wave were also measured using echocardiography (Affinity

50) or were calculated by the operator in the GE vendor (Fig-

ure 1. B, D) using the following formula:

Peak acceleration rate (cm/sec2) = Velocity (cm/sec) divided

by acceleration time (sec)

2.3.2. Coronary angiography
Patients with a TIMI score ≥3 as well as those with high-risk

clinical presentations or positive results of non-invasive test

underwent coronary angiography. In the cath lab, left ven-

tricular end-diastolic pressure (LVEDP) was measured in all

patients at the start of the procedure with a pigtail catheter

before contrast injection. Routine administration of intra-
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venous (IV) crystalloid fliud 1cc/kg/min was started in the

cath lab after inavasive measurement of LVEDP.

2.4. Statistical analysis

Quantitative data are reported as mean and standard devi-

ation (SD) while qualitative data are described as frequency

and relative frequency. Data were analyzed using indepen-

dent t-test (parametric variables) and Mann-Whitney test

(non-parametric variables). The normality assumption was

assessed using the Kolmogorov-Smirnov test. P values less

than 0.05 were considered significant. The discrimination

power of echocardiography variable for diagnosis of CAG ab-

normality was assessed using the area under the receiver op-

erating characteristic (ROC) curve (AUC-ROC). In addition,

the AUC-ROC was calculated for a combination of significant

echocardiographic variables and significant difference was

checked with the chi-square statistic. The sensitivity, speci-

ficity, positive and negative likelihood ratios (PLR and NLR),

and positive and negative predictive values (PPV and NPV)

with their 95% confidence intervals (CI) were calculated in

different cut-off points for significant AUC-ROC echocardio-

graphic variables. The best cut-off point of each echocar-

diographic variable for diagnosis of “abnormal CAG” was se-

lected using the Youden’s J statistic. All analyses were per-

formed using the SPSS software version 20 and STATA soft-

ware version 14.

3. Results

3.1. Patients’ characteristics

Eighty patients with a mean age of 54.43 ± 12.38 years were

included in the present study. Fifty-seven patients (71.2%)

were male. Baseline characteristics are presented in table

1. Only 14 patients (17.5%) were considered intermediate-

or high-risk for adverse events based on the TIMI risk score

(TIMI score ≥ 3). Fifty-three patients (66.2%) underwent

coronary angiography based on the TIMI score, clinical pre-

sentation, or non-invasive test results.

3.2. Diagnostic workup of acute coronary syn-
drome

All of the subjects underwent transthoracic echocardiogra-

phy (TTE) in the emergency room (ER) within a maximum of

12 hours from last chest pain episode.

Further assessment of chest pain was done using differ-

ent modalities including exercise tolerance test (ETT), my-

ocardial perfusion imaging (MPI) and coronary angiography

(CAG). The diagram of the ACS workup is presented in figure

2. After diagnostic evaluation, coronary artery involvement

was confirmed by CAG in 45% (36/80) of the study popula-

tion (Table 1).

The mean left ventricular end-diastolic pressure (LVEDP)

measured invasively in the cath lab was 14.54 mmHg (SD:

1.75, IQR= 12.0-18.0). Table 2 presents a summary of the

echocardiographic parameters of the study population.

Table 1 Baseline characteristics of participants

Characteristics (n = 80) Mean ± SD or n (%)
Age 54.43 ± 12.38
Sex, men 57/80 (71.2)
Weight (kg) 77.78 ± 13.05
Height (cm) 171.26 ± 8.24
BMI (kg/m2 ) 26.48 ± 3.93
Time to echo (hours) 7.04 ± 2.01
CAG 53 (66.2)
Normal 17 (21.3)
Mild CAD 10 (12.5)
Single-vessel 1 (1.3)
Two-vessels 6 (7.5)
Three-vessels 14 (17.5)
Multi-vessels 5 (6.3)
LVDD by echo 63 (78.7)
Normal 17 (21.3)
Mild 44 (55.0)
Moderate 18 (22.5)
Severe 1 (1.3)
MPI 8 (10.0)
Normal 6 (7.5)
Positive* 2 (2.5)
ETT 27 (33.7)
Normal 20 (25.0)
Positive 7 (8.7)
Diabetes 18 (22.5)
Dyslipidemia 41 (51.2)
Hypertension 24 (30.0)
Aspirin use within the last week 20 (25.0)
Positive cardiac biomarker 7 (8.8)
ST changes 17 (21.3)
Angina pectoris in the hospital course
None 5 (6.3)
Once 25 (31.3)
Twice 41 (51.2)
Three times 9 (11.2)
History of known CAD 11 (13.8)
TIMI risk score
0 18 (22.5)
1 27 (33.7)
2 21 (26.3)
3 4 (5.0)
4 4 (5.0)
5 6 (7.5)
Body surface area 1.89 ± 0.18
BMI: Body mass index; CAD: Coronary artery disease;
CAG: Coronary angiography; ETT: Exercise tolerance test;
LVDD: Left ventricular diastolic dysfunction; MPI: Myocardial
perfusion imaging; SD: Standard derivation;
TIMI: Thrombolysis in Myocardial Infarction risk score
* Only patients who underwent MPI as the initial diagnostic test
were included. In another 2 patients with positive ETT results,
MPI was also done and the results were positive for ischemia.

In the remaining patients including those with negative re-

sults of non-invasive tests or those with normal CAG, other

diagnoses including coronary spasm, microvascular involve-

ment, and non-cardiac causes of chest pain were considered

(no patient with obvious non-cardiac or non-anginal diagno-

sis was enrolled in the study). Of 53 patients that underwent

Copyright © 2022 Tehran University of Medical Sciences
This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license (https://creativecommons.org /licenses/by-nc/4.0/).
Noncommercial uses of the work are permitted, provided the original work is properly cited. 3



FRONTIERS IN EMERGENCY MEDICINE. 2022;6(2):e17 F ar zadi et al .

Table 2 Echocardiographic data of study population

Variable Mean (SD) Median (IQR)
Variable Mean (SD) Median (IQR)
E velocity (cm/s) 66.43 (17.94) 65.50 (57.25-75.88)
A velocity (cm/s) 71.55 (24.92) 71.0 (55.0-82.75)
E deceleration time (msec) 237.39 (100.78) 219.50 (162.0-287.25)
E acceleration time (msec) 72.40 (21.94) 70.0 (60.0-85.0)
Peak acceleration rate of mitral E velocity 971.39 (424.56) 925.0 (688.0-1186.25)
Septal e’(cm/s) 6.85 (2.54) 6.65 (5.0-7.78)
Septal a’(cm/s) 9.08 (6.60) 8.10 (7.0-9.75)
Septal e’acceleration time (msec) 54.90 (15.68) 53.0 (42.0-67.0)
Peak acceleration rate of mitral e’ velocity 151.71 (122.04) 130.50 (100.0-163.50)
E/e’ 10.91 (3.84) 10.0 (8.40-12.30)
LVEDV (cm3) 115.58 (36.27) 113.0 (90.0-130.25)
LVESV (cm3) 53.24 (19.42) 51.0 (40.0-64.5)
LVEF % (by Simpson’s method) 54.69 (7.17) 53.85 (48.88-60.0)
LV end-diastolic diameter (cm) 4.67 (0.39) 4.70 (4.50-4.90)
Septum (cm) 0.98 (1.05) 0.80 (0.80-1.00)
LV end-systolic diameter (cm) 3.30 (2.73) 3.0 (2.60-3.30)
Posterior wall (cm) 0.94 (1.04) 0.80 (0.75-0.90)
Left atrial volume (cm3) 55.33 (17.06) 56.20 (43.0-66.0)
Left atrial volume index 29.43 (9.05) (23.69-34.35)
Pulmonary vein S velocity (cm/s) 54.08 (14.36) 54.45 (42.0-63.0)
Pulmonary vein D velocity (cm/s) 42.62 (11.50) 40.0 (35.25-47.75)
Pulmonary vein S VTI (cm) 14.24 (3.40) 14.40 (12.20-17.0)
Pulmonary vein D VTI (cm) 10.41 (3.40) 10.0 (8.0-12.0)
A reversal velocity (cm/s) 23.28 (5.30) 22.0 (20.0-26.75)
A reversal duration (msec) 133.8 (33.54) 134.0 (113.75-155.0)
SD: Standard derivation; CI: Confidence interval; IQR: Interquartile range (Q1-Q3);
LVEDV: Left ventricular end-diastolic volume; LVESV: Left ventricular end-systolic volume;
LVEF: Left ventricular ejection fraction; VTI: velocity time integral

invasive approaches, CAG findings were normal in 17 (32.1%)

and abnormal in the remaining 36 (67.9%) patients.

3.3. Comparison of echocardiographic findings
between patients with normal and abnormal
CAG results

Considering CAG results and a “normal” vs. “abnormal”

LV diastolic pattern, a significant difference (P value=0.010)

was observed in the LV diastolic pattern (normal/abnormal)

between patients with normal and abnormal CAG results.

Assessment of 36 patients with abnormal CAG and 17 pa-

tients with normal CAG showed LV diastolic dysfunction in

34 (94.4%) and 11 (64.7%) patients, respectively. The sensi-

tivity and specificity for LV diastolic dysfunction for predict-

ing coronary involvement was 94.44% (95%CI: 81.3 to 99.3)

and 35.29% (95%CI: 14.2 to 61.7), respectively. In addition,

the positive and negative likelihood ratios (PLR and NLR)

were 1.46 (95%CI: 1.0 to 2.1) and 0.16 (95%CI: 0.04 to 0.7) and

positive and negative predictive values (PPV and NPV) were

75.6% (95%CI: 60.5 to 87.1) and 75.0% (34.9 to 96.8), respec-

tively.

The septal e’ was significantly higher in the normal CAG cat-

egory compared to abnormal CAG (mean: 7.82 vs 6.01 cm/s,

P=0.002). In addition, the E/e’ (mean: 8.92 vs 12.43, P<0.001),

LV end-diastolic diameter (mean: 4.45 vs 4.79 cm, P=0.030),

and invasive measurement of LVEDP in the cath lab (mean:

13.31 vs 15.08 mmHg, P<0.001) were significantly lower in

the normal versus abnormal CAG group. There were no sig-

nificant differences in other echocardiographic variables be-

tween normal and abnormal CAG groups (Table 3).

The area under the ROC curve was more than 0.65 for e’

(0.768), E/e’ (0.838), LV end-diastolic diameter (0.685), and

invasive LVEDP measured in the cath lab (0.806) in the ab-

normal CAG group, which was significant (Table 3).

The best cut-off point of e’ for abnormal CAG was ≤7.4 cm/s

with 94.44% sensitivity and 58.82% specificity. The best cut-

off point of E/e’ for abnormal CAG was >9.5 with 80.56%

sensitivity and 88.24% specificity. The best cut-off points of

LV end-diastolic diameter and invasive LVEDP were >4.9 cm

(36.11% sensitivity and 88.24% specificity) and >14 mmHg
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Table 3 Echocardiography results according to CAG category and area under ROC curve for these parameters

Variable Normal CAG (n=17) Abnormal CAG (n=36) P Area under the ROC Curve
(95% CI)

P

E velocity (cm/s) 63.52 (9.94) 68.19 (18.69) 0.242 0.580 (0.43, 0.72) 0.350
A velocity (cm/s) 70.35 (33.30) 73.78 (21.91) 0.499* 0.558 (0.38, 0.74) 0.499
E deceleration time (msec) 207.59 (103.68) 251.25 (101.19) 0.152 0.627 (0.46, 0.79) 0.137
E acceleration time 76.29 (21.11) 68.36 (26.93) 0.084 0.648 (0.49, 0.80) 0.062
Peak acceleration rate of mitral E velocity 832.24 (335.86) 1043.31 (519.70) 0.133 0.634 (0.48, 0.79) 0.118
e’ (cm/s) 7.82 (2.29) 6.01 (2.37) 0.002* 0.768 (0.61, 0.93) 0.001
a’ (cm/s) 9.02 (2.44) 9.70 (9.58) 0.345* 0.581 (0.41, 0.75) 0.342
e’acceleration time (msec) 54.47 (14.45) 53.89 (17.37) 0.660* 0.538 (0.37, 0.70) 0.657
Peak acceleration rate of mitral e’ velocity 156.47 (74.12) 161.33 (169.11) 0.905* 0.623 (0.46, 0.79) 0.140
E/e’ 8.92 (3.89) 12.43 (4.07) <0.001* 0.838 (0.70, 0.97) <0.001
LVEDV (cm3) 110.68 (42.38) 123.55 (38.38) 0.315* 0.588 (0.41, 0.77) 0.315
LVESV (cm3) 51.46 (20.84) 55.09 (19.91) 0.565 0.567 (0.39, 0.74) 0.461
LVEF% (by Simpson’s method) 53.66 (6.30) 54.43 (7.08) 0.705 0.512 (0.37, 0.69) 0.892
LV end-diastolic diameter (cm) 4.45 (0.48) 4.79 (0.39) 0.030* 0.685 (0.53, 0.84) 0.031
Septum 0.84 (0.15) 1.16 (1.53) 0.403 0.639 (0.47, 0.81) 0.113
LV end-systolic diameter (cm) 2.88 (0.62) 3.77 (4.01) 0.104* 0.639 (0.48, 0.80) 0.105
Posterior wall 0.83 (0.10) 1.10 (1.54) 0.648* 0.533 (0.37, 0.70) 0.696
Left atrial volume 49.64 (18.06) 59.93 (18.37) 0.067 0.684 (0.52, 0.85) 0.036
Pulmonary vein S velocity (cm/s) 54.08 (15.23) 55.00 (16.37) 0.846 0.525 (0.36, 0.69) 0.768
Pulmonary vein D velocity (cm/s) 43.98 (7.94) 45.19 (13.18) 0.717* 0.533 (0.37, 0.70) 0.687
Pulmonary vein S VTI (cm) 13.48 (3.37) 14.03 (3.82) 0.615 0.512 (0.35, 0.68) 0.891
Pulmonary vein D VTI (cm) 9.51 (2.52) 11.45 (4.05) 0.077 0.639 (0.48, 0.79) 0.105
A reversal velocity (cm/s) 25.43 (6.93) 22.83 (4.38) 0.462* 0.569 (0.39, 0.75) 0.740
A reversal duration (msec) 130.35 (42.97) 135.72 (32.71) 0.652 0.603 (0.41, 0.80) 0.230
Invasive LVEDP measured in cath lab
(mmHg)

13.31 (1.58) 15.08 (1.55) <0.001 0.806 (0.67, 0.94) <0.001

*P-value based on non-parametric test
SD: Standard derivation; CI: Confidence interval; LVEDV: Left ventricular end-diastolic volume; LVESV: Left ventricular end-systolic volume;
LVEF: Left ventricular ejection fraction; VTI: Velocity time integral; LVEDP: Left ventricular end-diastolic pressure

Table 4 Accuracy of LVEDP, E/e’, e’, and LVEDD for diagnosis of abnormal coronary angiography (CAG)

Cut-off Sensitivity Specificity PLR NLR PPV NPV
(95% CI)

e’ (cm/s)
≤6.5 63.89 (46.2, 79.2) 82.35 (56.6, 96.2) 3.62 (1.3, 10.4) 0.44 (0.3, 0.7) 88.5 (69.8, 97.6) 51.9 (31.9, 71.3)
≤7 77.78 (60.8, 89.9) 64.71 (38.3, 85.8) 2.20 (1.1, 4.3) 0.34 (0.2, 0.7) 82.4 (65.5, 93.2) 57.9 (33.5, 79.7)
≤7.2 86.11 (70.5, 95.3) 64.71 (38.3, 85.8) 2.44 (1.3, 4.7) 0.21 (0.09, 0.5) 83.8 (68.0, 93.8) 68.8 (41.3, 89.0)
≤7.4* 94.44 (81.3, 99.3) 58.82 (32.9, 81.6) 2.29 (1.3, 4.1) 0.09 (0.02, 0.4) 82.9 (67.9, 92.8) 83.3 (51.6, 97.9)
≤7.7 94.44 (81.3, 99.3) 52.94 (27.8, 77.0) 2.01 (1.2, 3.3) 0.10 (0.03, 0.4) 81.0 (65.9, 91.4) 81.8 (48.2, 97.7)
≤7.8 94.44 (81.3, 99.3) 47.06 (23.0, 72.2) 1.78 (1.1, 2.8) 0.12 (0.03, 0.5) 79.1 (64.0, 90.0) 80.0 (44.4, 97.5)
E/e’
>9 86.11 (70.5, 95.3) 70.59 (44.0, 89.7) 2.93 (1.4, 6.2) 0.20 (0.08, 0.5) 86.1 (70.5, 95.3) 70.6 (44.0, 89.7)
>9.2 83.33 (67.2, 93.6) 82.35 (56.6, 96.2) 4.72 (1.7, 13.3) 0.20 (0.09, 0.4) 90.9 (75.7, 98.1) 70.0 (45.7, 88.1)
>9.5* 80.56 (64.0, 91.8) 88.24 (63.6, 98.5) 6.85 (1.8, 25.4) 0.22 (0.1, 0.4) 93.5 (78.6, 99.2) 68.2 (45.1, 86.1)
>9.8 77.78 (60.8, 89.9) 88.24 (63.6, 98.5) 6.61 (1.8, 24.6) 0.25 (0.1, 0.5) 93.3 (77.9, 99.2) 65.2 (42.7, 83.6)
>10 63.89 (46.2, 79.2) 88.24 (63.6, 98.5) 5.43 (1.4, 20.4) 0.41 (0.3, 0.7) 92.0 (74.0, 99.0) 53.6 (33.9, 72.5)
>10.5 61.11 (43.5, 76.9) 88.24 (63.6, 98.5) 5.19 (1.4, 19.6) 0.44 (0.3, 0.7) 91.7 (73.0, 99.0) 51.7 (32.5, 70.6)
Left ventricular end-diastolic diameter (cm)
>4.6 58.33 (40.8, 74.5) 64.71 (38.3, 85.8) 1.65 (0.8, 3.3) 0.64 (0.4, 1.1) 77.8 (57.7, 91.4) 42.3 (23.4, 63.1)
>4.7 47.22 (30.4, 64.5) 76.47 (50.1, 93.2) 2.01 (0.8, 5.1) 0.69 (0.5, 1.0) 81.0 (58.1, 94.6) 40.6 (23.7, 59.4)
>4.9* 36.11 (20.8, 53.8) 88.24 (63.6, 98.5) 3.07 (0.8, 12.1) 0.72 (0.5, 1.0) 86.7 (59.5, 98.3) 39.5 (24.0, 56.6)
>5 25.00 (12.1, 42.2) 94.12 (71.3, 99.9) 4.25 (0.6, 30.9) 0.80 (0.6, 1.0) 90.0 (55.5, 99.7) 37.2 (23.0, 53.3)
Left ventricular end-diastolic pressure (mmHg)
>13 88.89 (73.9, 96.9) 50.00 (24.7, 75.3) 1.78 (1.1, 2.9) 0.22 (0.08, 0.6) 80.0 (64.4, 90.9) 66.7 (34.9, 90.1)
>14* 61.11 (43.5, 76.9) 93.75 (69.8, 99.8) 9.78 (1.4, 66.4) 0.41 (0.3, 0.6) 95.7 (78.1, 99.9) 51.7 (32.5, 70.6)
>15 47.22 (30.4, 64.5) 93.75 (69.8, 99.8) 7.56 (1.1, 52.0) 0.56 (0.4, 0.8) 94.4 (72.7, 99.9) 44.1 (27.2, 62.1)
*Best cut-off point
CI: Confidence interval; PLR: Positive likelihood ratio; NLR: Negative likelihood ratio; PPV: Positive predictive value;
NPV: Negative predictive value
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Figure 1 Different echocardiographic parameters used for evaluation of left ventricular diastolic dysfunction A. The sample volume of pulse

wave Doppler was placed in the tip of the mitral leaflets and blood velocity in early diastole (E) and late diastole (A) and deceleration time of E

velocity to baseline (msec) were measured.

B. In GE vendors, acceleration time of E wave was measured and peak acceleration rate (cm/sec2) was calculated as velocity (cm/sec) divided

by acceleration time (sec). In the Philips vendors, direct measurement of this slope was possible.

C. In tissue Doppler imaging (TDI), the sample volume was placed on the septal annulus of the mitral valve and tissue velocity was measured

in early (e’) and late diastole (a’).

D. As in figure 1.B, peak acceleration rate of e’ was calculated or measured directly.

E. The left atrial volume was measured in biplane views (2-chamber view not shown here).

F. The velocity of the pulmonary vein flow was measured in early diastole (D wave), systole (S wave) and late diastole (A reversal wave). The

velocity time integral (VTI) of D and S wave was also measured.

Figure 2 Summary of diagnostic workup
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Figure 3 ROC curve of left ventricular end-diastolic diameter, E/e’ and models combining echocardiographic data for prediction of CAG

abnormality

(61.11% sensitivity and 93.75% specificity), respectively (Ta-

ble 4).

Significant echocardiographic variables, including E/e’ and

LVEDD, were combined to find out if it was possible to

achieve a larger area under the curve (AUC). LVEDP was not

included in these combination models because it was mea-

sured invasively during CAG in the cath lab (not in the ER)

and a diagnosis of the CAD was already made after LVEDP

measurement. The AUC-ROC of this combination model

was 0.860, but it had no significant difference with LVEDD

(P=0.106) and E/e’ (P=0.182) (Figure 3).

3.4. Comparison of echocardiographic findings
between patients with normal and abnormal di-
agnostic tests

Diagnostic tests were normal in 43 patients, including 20 nor-

mal ETT, 6 normal MPI, and 17 normal CAG results. Abnor-

mal diagnostic tests were reported in 36 patients with abnor-

mal CAG findings and one patient with a positive ETT who re-

fused further testing. Comparison of the echocardiographic

data between these two groups of patients showed signif-

icant differences in the following variables: LVEDD index

[mean (SD) in normal vs abnormal: 2.41 (0.23) vs 2.57 (0.21);

P=0.001], e’ [mean (SD) in normal vs abnormal: 7.49 (2.51)

vs 6.11 (2.41); P=0.002], E/e’ [mean (SD) in normal vs abnor-

mal: 9.68 (3.19) vs 12.35 (4.04); P<0.001], E acceleration time

[mean (SD) in normal vs abnormal: 75.91 (16.54) vs 68.32

(26.55); P=0.016], size of interventricular septum [mean (SD)

in normal vs abnormal: 0.83 (0.14) vs 1.15 (1.51); P=0.049],

left atrial volume [mean (SD) in normal vs abnormal: 51.73

(15.14) vs 59.43 (18.36); P=0.045] and pulmonary vein D ve-

locity [mean (SD) in normal vs abnormal: 9.58 (2.58) vs 11.41

(4.0); P=0.038].

4. Discussion

The present study was conducted to investigate the associ-

ation of echocardiographic data with the in-hospital results

of coronary workup in NSTE-ACS patients. Although previ-

ous reports focused on diastolic dysfunction in acute coro-

nary syndrome, a limited number of studies evaluated the

role of echocardiographic data in predicting the results of in-

hospital ACS workup. In 2008, Richardson et al. (9) evaluated

Copyright © 2022 Tehran University of Medical Sciences
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Noncommercial uses of the work are permitted, provided the original work is properly cited. 7



FRONTIERS IN EMERGENCY MEDICINE. 2022;6(2):e17 F ar zadi et al .

the prognostic value of E/e’ (parameter of LV filling pressure)

in 239 ACS patients. The predictors of E/e’>15 in ACS pa-

tients were older age, diabetes mellitus, non-ST-segment el-

evation ACS, and decreased LVEF. Survival free from cardiac

death was lower in patients with E/e’>15. A study by Lassen

et al. (10) found that E/e’ could be an independent predic-

tor of cardiovascular mortality and morbidity in ACS patients

with preserved systolic function.

In 2019, Gc et al. (11) reported that adding tissue Doppler

imaging data (E/e’) and risk stratification based on E/e’>14

to conventional care, led to earlier coronary angiography

and subsequent reduction in hospital stay and costs in 51

NSTE-ACS patients. In our study, only one patient had se-

vere LV diastolic dysfunction and most importantly, echocar-

diographic data of diastolic function were not used to deter-

mine the need for invasive workup. Moreover, hospital costs

and length of stay were not evaluated in the present study.

In 2019, Gitting et al (12) assessed the association between

LV diastolic dysfunction and severity of coronary involve-

ment in 110 patients with NSTEMI using the SYNTAX score.

A significant difference was observed in LVEF, LVEDD, E/A,

E/e’, tricuspid regurgitation (TR) velocity and left atrial vol-

ume index between patients with low SYNTAX scores versus

those with intermediate or high syntax scores. The estimated

prevalence of LV diastolic dysfunction was 85% (45.5% mild,

27.3% moderate and 27.3% severe). Although this study had

rather similar objectives as to our study, no patient with un-

stable angina was included in this study and all the NSTEMI

patients underwent invasive coronary angiography. We ob-

served a significant difference in e’, E/e’, LVEDD, and LVEDP

between normal and abnormal CAG groups. The diagnostic

performance of E/e’ to predict abnormal CAG was excellent

while e’ had an acceptable diagnostic ability to differentiate

normal from abnormal CAG results. A cut-off value of >9.5

for E/e’ and <7.4 for e’ helped to identify patients with ab-

normal CAG with a sensitivity of above 80%. In the present

study, 78.7% (63/80) of the recruited patients had echocar-

diographic diastolic dysfunction (55% mild, 22.5% moderate,

1.3% severe) and about 66.2% (53/80) of the study cohorts

underwent both echocardiography and coronary angiogra-

phy. The sensitivity and specificity of LV diastolic dysfunc-

tion for predicting coronary artery involvement were 94.4%

and 35.29% respectively, indicating that significant coronary

involvement is unlikely in a patient with a normal echocar-

diographic LV diastolic pattern. Our study population con-

sisted mostly of ACS patients with low to intermediate risk

whose LVEF was ≥45%. Only 17.5% of the participants had

TIMI scores ≥3 and significant coronary artery involvement

was observed in 32.5%.

It should be mentioned that despite a significant difference

in LVEDD, E/e’ and e’ between patients with normal and ab-

normal CAG and AUC > 0.8 for E/e’, the positive LR of dias-

tolic dysfunction for prediction of coronary involvement was

only 1.46 (CI: 1.02-2.09), indicating that the probability of the

CAD does not change significantly with this LR. Further re-

search is required to determine which group of ACS patients

will benefit from combining echocardiographic data with the

routine ACS diagnostic approach.

5. Limitations

A major limitation of this study was its small sample size.

Cardiac troponin I was measured in the emergency room

while other biomarkers including high-sensitive cardiac tro-

ponin and N-terminal pro BNP were not measured. The

patients with LVEF below 45% were excluded from the

study to prevent interference with LV diastolic assessment

and most of the study participants were categorized as

low/intermediate risk. Coronary angiography was not done

in all of the patients. Indications for CAG were determined

by non-invasive test results, TIMI score and/or clinical judg-

ment. Theoretically, the measured sensitivity and specificity

of diastolic dysfunction are not influenced by the prevalence

of diastolic dysfunction in ACS patients; however, the clinical

characteristics of the participants prevent generalization of

the results to other ACS groups. To incorporate echocardio-

graphy in routine risk stratification tools in ACS, larger stud-

ies with focus on low-risk and high-risk NSE-ACS patients are

required to facilitate decision-making regarding hospital dis-

charge or early invasive approaches with the aid of echocar-

diographic data.

6. Conclusion

Left ventricular diastolic parameters can be added to the rou-

tine risk stratification strategy in non-ST elevation ACS, es-

pecially in low-risk patients. Measurement of both E/e’ and

LVEDD is easy and accessible in the ER setting. Early use

of echocardiography along with other risk assessment scores

and non-invasive diagnostic modalities might lead to faster

management of NSE-ACS patients.
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