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Purpose To evaluate the feasibility of comprehensive left ventricle (LV) functional parameters
on routine coronary computed tomographic angiography (CCTA) based on two-dimensional
echocardiography (2DE).

Materials and Methods Ninety-nine patients who underwent CCTA accompanied by 2DE were
included in the study. The volumetric LV systolic functional parameters were acquired from
10-phase reconstruction of CCTA data. By differentiating the time-LV volume curve by time do-
main and measuring mitral valvular orifice areas, transmitral time-velocity curves were drawn
and the early (E) to late (A) mitral inflow peak velocities ratio (E/A ratio) was acquired. By mea-
suring a longitudinal jerking velocity of the mitral valvular annulus on a four-chamber view, the
mitral peak velocity of early filling (E) to early diastolic mitral annular velocity (E') ratio (E/E' ra-
tio) was evaluated. All functional parameters were compared with the 2DE results.

Results The LV end diastolic volume, LV end systolic volume, ejection fraction, stroke volume,
cardiac output, and LV myocardial mass measured by CCTA and 2DE showed moderate to
strong correlations (r = 0.732, 0.821, 0.416, 0.394, 0.328, and 0.764, respectively; p < 0.05). The
E/A and E/E’ ratios showed strong correlation between CCTA and echocardiography (r = 0.807
and 0.751, respectively; p <0.05).
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Conclusion When CCTA is performed with retrospective electrocardiographic gating, additional in-
formation about the LV function can be acquired as reliably as with echocardiography.

Index terms Multidetector Computed Tomography; Echocardiography; Systole; Diastole; Heart Ventricles

INTRODUCTION

The evaluation of the function of the left ventricle (LV) by using LV volume and ejection
fraction (EF) has been a mainstay in the assessment of patients with an ongoing or suspected
cardiovascular disease. Variable modalities such as two-dimensional echocardiography
(2DE), cardiac angiography, and cardiac magnetic resonance image (CMR) have been used to
assess the LV function, and each technique has its own advantages and limitations (1-4). 2DE
is the most commonly performed method and the easiest for the anatomic and functional
analysis of the heart. However, it may have limitations for use with patients with obesity or
chronic obstructive pulmonary disease; furthermore, it is highly operator-dependent and
has a limited number of anatomical views in clinical settings. By contrast, coronary comput-
ed tomographic angiography (CCTA) has been increasingly performed in daily medical prac-
tice owing to remarkable technical advances (5). In cases of retrospective electrocardiograph-
ic (ECG) gating, CCTA can measure the LV volume with systolic function, with outcomes that
are highly in agreement with those of other imaging modalities such as 2DE or CMR (6-8). LV
diastolic dysfunction is increasingly being recognized as an early marker of cardiac disease.
Therefore, the evaluation of the LV diastolic function is of interest to clinicians (9-10). 2DE
represents the most commonly used approach for evaluating the diastolic function. General-
ly, transmitral valvular velocity (‘E, peak transmitral velocity in early diastole; ‘A’, peak trans-
mitral velocity in late diastole) has been used as a non-invasive marker for evaluation of the
LV diastolic function (11-12). However, several confounding factors may influence the trans-
mitral velocity. Therefore, combined assessment with early peak mitral septal velocity (E)
has been recommended (12). In a recent study (13, 14), CCTA could also evaluate the LV dia-
stolic function, and the results showed good correlations for transmitral velocity, mitral sep-
tal tissue velocity, and estimation of LV filling pressures when compared with 2DE with tissue
Doppler imaging.

Therefore, we presume that CCTA can provide comprehensive functional parameters of LV
with both systolic and diastolic functions on a single scan with additional anatomical infor-
mation of coronary arteries. However, to our knowledge, no prior studies have simultane-
ously evaluated the systolic and diastolic LV functions with CCTA. Therefore, the present
study evaluated the functional parameters for both systolic and diastolic LV functions with
CCTA in the same group of patients and validated the clinical feasibility of this method by
comparing its outcomes with the 2DE results. Our Institutional Ethics Committee approved
this study (KNUH 2015-12-028), and written informed consent was waived.

MATERIALS AND METHODS

This retrospective study was performed at a single institute from April 2010 to May 2015.
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All patients examined using both retrospectively ECG-gated CCTA and 2DE within a 1-month
period were consecutively included in the study. The exclusion criteria were cardiac surgery
(include coronary arterial bypass graft, valve replacement, or pacemaker insertion), percuta-
neous coronary intervention, and age under 15 years. In total, 99 patients who met these cri-
teria constituted the study population; 44 men and 55 women with a mean age of 62 years
(range; 22 to 91 years) were recruited. ECG-gated cardiac imaging was performed using a
64-slice CT scannet, i.e., Aquilion 64 (Toshiba Medical Systems, Otawara, Japan) and Optima
CT660 (GE Healthcare, Milwaukee, WI, USA). The CT parameters were as follows: collima-
tion 64.0 X 0.5 mm, gantry rotation time 400 msec, and temporal resolution 200 msec for Ag-
uilion 64; collimation 64.0 X 0.625 mm, gantry rotation time 350 msec, and temporal resolu-
tion 175 msec for Optima CT660.

One hour prior to the CT exam, beta-adrenergic receptor blocker (Indenol; 40 mg propran-
olol hydrochloride, Dong Kwang Pharm, Seoul, Korea) was administered orally when the pa-
tient’s heart rate was over 70 beats per minute. Immediately before starting the CT scan, ni-
troglycerin spray (two puffs) was administered intraorally. The protocols of cardiac CT exam
were set as: slice thickness 0.5 or 0.65 mm; pitch, 1.4-1.7; no reconstruction interval; tube
voltage, 100-120 kVp; and tube current-time product, 300 mAs. The iodine concentration of
the contrast media was 400 or 370 mg/mL. The total volume of contrast media was calculated
as (scan time) X (injection rate) X 1.2 mL. The upper limit of the total contrast volume (mL)
was set as double values of the patient’s body weight (kg). The contrast injection was done
through a superficial vein in right upper arm at the rate of 3-4 mL/min. The bi-phase con-
trast enhancement was performed by adding 20 mL normal saline infusion subsequently to
the contrast bolus at the same infusion rate. The scan ignition timing was selected by track-
ing the contrast bolus arrival at the aortic root level. The scan was performed along the cra-
nio-caudal direction. Due to the inherent limitation of the machines, automatic dose modu-
lation such as ECG-padding could not be applied. During the image reconstruction in the
console of one CT machine (Optima CT660), an iterative reconstruction algorithm could be
applied. The products of the dose length product were recorded by the CT system, and the
effective doses were calculated using a conversion coefficient for the chest [k = 0.014 mSv/
(mGy cm)] (15).

From the raw data of cardiac imaging with retrospective ECG gating, 10 phase image sets
were reconstructed with even time intervals during one cardiac cycle. The reconstructed
data sets were transferred to an independent post-processing workstation (Aquarius iNtu-
ition Edition Ver. 4.4.11, TeraRecon Inc., Foster City, CA, USA) for the quantitative evaluation
of the cardiac function. During each phase, semi-automatic segmentation of LV endocardial
and epicardial borders (papillary muscles were excluded) was performed limited between
the mitral valvular annulus and cardiac apex. An LV time-volume curve was acquired from
10 phase image sets (Fig. 1). Based on the time-volume curve, LV systolic functional parame-
ters such as left ventricular end diastolic volume (LVEDV, mL), end systolic volume (LVESY,
mL), stroke volume [SV (mL) = LVEDV - LVESV], EF [(%) = SV X 100/LVEDV], and cardiac out-
put [CO (L/min) = heart rate X SV]. The LV myocardial mass [LVMM (g) = (epicardial volume
- endocardial volume) X 1.04 g/mL] was calculated on end diastolic phase. Based on the LV

time-volume curve, the LV volume differences between neighboring image sets were mea-
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sured. Inter-phase time interval was calculated from simultaneously recorded heart rates.
Subsequently, the transmitral unit flow (mL/s) was measured as the inter-phase LV volume
difference divided by the time interval (Fig. 1). The mitral valvular orifice areas (cm?) were
manually measured at distal end level of valvular leaflets on neighboring phase images (Fig.
2A). The mean value of the two neighboring mitral valvular orifice areas was used for flow
velocity calculation. Finally, transmitral valvular velocity (cm/s) was acquired as a unit flow
volume divided by mitral valvular orifice area at the same phase [transmitral flow (mL/s) /
mitral valve area (cm?)]. The calculated transmitral valvular velocity was defined as ‘estimated
transmitral valvular velocity’, and its time-velocity curve was acquired (Fig. 2A). The ratio be-
tween estimated transmitral valvular velocity at early diastolic (E) and late diastolic (A) phas-
es was calculated as the ‘E/A ratio’]. To evaluate early-diastolic mitral septal annular velocity
(E, cm/s), the traveling distance of mitral septal annulus was calculated for 10 phases with
the changes in longitudinal LV length (mm, the distance between the annular attachment
site of septal mitral valve leaflet and cardiac apex) between the consecutive phases (Fig. 2B).
For each phase, the mitral septal annular velocity was computed using traveling distance of
the mitral septal annulus and heart rate. Finally, the mitral septal annular velocity at early di-
astole was represented as E, and the ‘E/E’ ratio’ was acquired by dividing the early diastolic
transmitral valvular velocity (E) by the mitral septal annular velocity (E’). For the evaluation
of inter-observer agreement, two radiologists (J.M.L with 27-years’ experience in cardiac im-
aging and J.H.H with 4-years experience in cardiac imaging) independently measured each

parameters of randomly selected 10 cases of CT image sets.

72 jksronline.org



J Korean Soc Radiol 2019;80(1):69-80 C H -bl_l- Oél )\Ol_g | -b;!-i | X |

Fig. 2. The diastolic functional analysis of the LV with coronary computed tomography angiography.

A. Mitral valvular orifice area is measured on the mitral valvular ‘en face’ plane (dotted line) at distal end level of valvular leaflets on neighbor-
ing phase images. The LV axis for ‘en face’ plane of mitral valve was positioned perpendicular to mid-mitral valve annulus on both 4-chamber
view and 2-chamber view plans. Transmitral flow velocity at each cardiac phase can be measured from inter-phase LV volume change divided
by mitral valvular orifice area. Early filling velocity (E) and atrial filling velocity (A) can be depicted at mid-systolic and end-diastolic phases.

B. The longitudinal LV lengths (arrows) are measured for each phase between the annular attachment site of septal mitral valve leaflet and
cardiac apex. For each phase, mitral septal annular velocity was computed using traveling distance of mitral septal annulus and heart rate. Fi-
nally, the early-diastolic mitral valvular annular tissue velocity (E’) can be calculated.
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2DE was performed by a cardiac sonographer using commercial echocardiographic ma-
chine. The LV systolic functional and volumetric parameters were measured by the modified
Simpson’s method, and the diastolic functional parameters were measured with pulsed-wave
Doppler imaging and color-coded tissue Doppler imaging as recommended by the American
Society of Echocardiography (16).

The correlation and limits of agreement for the LVEDV, LVESV, LVEE, SV, CO, and LVMM
between CCTA and 2DE were determined using Pearson’s correlation linear regression and
Bland-Altman analysis. Spearman’s Rho (correlation coefficient) of 0.10-0.30 was interpreted
as a weak correlation, 0.30-0.50 as a moderate correlation, and greater than 0.50 as a strong
correlation. The 95% limits of agreement were defined as the range of values =2 standard de-

viations from the mean value of the differences. A paired t-test was applied to compare means
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of the parameters between CCTA and 2DE. The inter-observer agreement was assessed using
intraclass correlation coefficient (ICC). ICC values of 0.0-0.20 were indicative of poor agree-
ment; 0.21-0.40, fair; 0.41-0.60, moderate; 0.61-0.80, good agreement; and 0.81 or more, very
good agreement. p-values less than 0.05 were considered significant. The SPSS software pack-
age (Version 20.0, IBM Corp., Armonk, NY, USA) was used for all the statistical analyses.

RESULTS

Based on the CCTA results and the medical records of the 99 participants, 40 patients
showed a suspected coronary arterial disease on CCTA, and 13 patients showed significant
stenosis (> 50% diameter stenosis by visual estimate) on conventional coronary angiography.
Twenty-three patients showed valvular disease (aortic regurgitation, n = 11; mitral regurgita-
tion, n = 15; aortic stenosis, n = 1; mitral stenosis, n = 1) and four patients had cardiomyopathy
(stress-induced cardiomyopathy, n = 1; LV noncompaction, n = 1; hypertrophic cardiomyopa-
thy, n = 1; and dilated cardiomyopathy, nn = 1). Other findings were as follows: coronary anom-
aly (n = 3), pulmonary arterial thromboembolism (n = 2), and aortic dissection (n = 1).

Table 1. Comparison of the Functional Parameters of the LV Between CCTA and 2DE

Pearson’ s Correlation Coefficient

LV Functional Parameters CCTA (n=99) 2DE (n=99) Bland-Altman Analysis
r p-Value

LVEDV (mL) 100 + 25 104 + 28 0.732 <0.001 1.0+ 282
LVESV (mL) 34+ 16 44 +20 0.821 <0.001 9.7+ 184

LVEF (%) 67 £ 10 57+ 14 0.416 <0.001 891146

SV (mL) 67 £ 18 58 £ 19 0.394 <0.001 05*+15

CO (L/min) 45+13 39+13 0.328 <0.001 9.2 +20.4
LVMM (g) 137 £ 45 186 = 80 0.764 <0.001 -38.6 =519

E/A 12£05 1.0£05 0.807 <0.005 0.18+0.3

E/E’ 10.7£5.8 123%65 0.751 <0.005 -16+44

Data are expressed as the mean % standard deviation.

2DE = two-dimensional echocardiography, CCTA = coronary computed tomographic angiography, CO = cardiac output, E/A = early (E) to late
(A) mitral inflow peak velocities ratio, E/E' = mitral peak velocity of early filling (E) to early diastolic mitral annular velocity (E') ratio, LV = left
ventricle, LVEDV = LV end-diastolic volume, LVEF = LV ejection fraction, LVESV = LV end-systolic volume, LVMM = LV myocardial mass, SV =
stroke volume

Table 2. Inter-Observer Agreement of LV Functional Parameters of Coronary CT Angiography Between Two Radiologists

LV Functional Parameters ICC 95% ClI p-Value
LVEDV (mL) 0.982 0.929-0.995 <0.001
LVESV (mL) 0.973 0.896-0.993 <0.001
LVEF (%) 0.797 0.376-0.946 0.002
SV (mL) 0.923 0.722-0.980 <0.001
LVMM (g) 0.996 0.983-0.999 <0.001
E/A 0.976 0.908-0.994 <0.001
E/E’ 0.959 0.843-0.990 <0.001

Cl = confidence interval, E/A = early (E) to late (A) mitral inflow peak velocities ratio, E/E' = mitral peak velocity of early filling (E) to early
diastolic mitral annular velocity (E') ratio, ICC = intraclass correlation coefficient, LV = left ventricle, LVEDV = LV end-diastolic volume,
LVEF =LV ejection fraction, LVESV = LV end-systolic volume, LVMM = LV myocardial mass, SV = stroke volum
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Fig. 3. Comparisons of CCTA and 2DE for LV end diastolic volumes (A, B) and end-systolic volumes (C, D). Scatter plots (A, C) show the correla-
tions between the both techniques. Bland-Altman plots (B, D) showing the difference (vertical axis) and average (horizontal axis) of the mea-

surements in two techniques.

2DE = two-dimensional Doppler echocardiography, CCTA = coronary computed tomography angiography, cLVEDV = LV end-diastolic volume
on CCTA, cLVESV = LV end-systolic volume on CCTA, CT = computed tomography, eLVEDV = LV end-diastolic volume on 2DE, eLVESV = LV end-
systolic volume on 2DE, LV = left ventricle, SD = standard deviation
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CCTA heart rates varied from 53 to 97 beats per minute (mean 65 * 28 beats per minute),

and mean heart rate at 2DE was 67 &+ 34 beats per minute. No significant difference in the
heart rate was noted between CCTA and 2DE (p = 0.255). The overall mean effective dose of
CCTA for each participant was 10.64 mSv (range; 3.91-13.70 mSv). Global LV function evalua-
tion was possible in all 99 patients using CCTA. The mean end-diastolic volume was 100.5 =+

24.9 mL, and the end-systolic volume was 34.4 &= 15.5 mL. The mean left ventricular EF was
66.6 = 10.4% (range; 30.2-91.5%). The stroke volume and CO data are shown in Table 1. The
mean LVMM was 136.6 & 45.3 g. Mean E/A ratio and E/E’ ratios were 1.20 & 0.49 and 10.71 +
5.83, respectively. The 2DE demonstrated end-diastolic and end-systolic volumes of 104.1
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Fig. 4. Comparisons of CCTA and 2DE for E/A (A, B) and E/E’ (C, D). Scatter plots (A, C) show the correlations between the both techniques.
Bland-Altman plots (B, D) showing the difference (vertical axis) and average (horizontal axis) of the measurements in two techniques.

2DE = two-dimensional Doppler echocardiography, CCTA = coronary computed tomography angiography, cEA = E/A on CCTA, cEE = E/E’ on
CCTA, CT = computed tomography, eEA=E/A on 2DE, eEE = E/E’ on 2DE, SD = standard deviation
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27.6 mL and 44.1 & 20.2 mL, respectively. Mean LVEF was 57.1 & 13.6% (range; 15.2-91.6%)).
Mean E/A and E/E’ ratios were 1.02 & 0.49 and 12.32 &£ 6.51, respectively. The LV muscle
mass showed a mean value of 186.1 & 80.4 g.

The LVEDV, LVESV, LVEF, SV, CO, and LVMM measured by ECG-gated CCTA and 2DE
showed moderate to strong correlations (r = 0.732, 0.821, 0.416, 0.394, 0.328, and 0.764, re-
spectively; p < 0.001). Additionally, between CCTA and 2DE, the E/A and E/E’ ratios showed
strong correlation (r = 0.807 and 0.751, respectively; p < 0.005). The mean differences in the
LV volumes and functional parameters between CCTA and 2DE were -1.0 & 28.2 mL/m? for
LVEDV, -9.7 *+ 18.4 mL/m? for LVESV, 0.5 & 1.5 mL/m? for SV, 8.9 + 14.6% for LVEF, 0.18 *
0.3 for E/A ratio, and -1.6 &£ 4.4 for E/E’ ratio. These results indicated good agreement be-

tween the two methods (Table 1). The inter-observer agreement for the measurement of LV
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volumes and functional parameters on CCTA were very good (ICC = 0.923-0.996, p < 0.001)
except for EF which showed good (ICC = 0.797, p = 0.002) (Table 2). Excluding LVEDV (p =
0.862), paired t-test revealed significant differences in all parameters between CCTA and 2DE.
Concordance analysis (Bland-Altman plot) and linear regression equations for the left ven-

tricular function parameters are shown in Figs. 3, 4.

DISCUSSION

In the present study, the compatibility of both the systolic and diastolic LV functions ac-
quired from routine CCTA with 2DE was evaluated. Moderate to strong correlations among
LVEDV, LVESV, LVEF, SV, CO, and LVMM were observed between CCTA and 2DE. This finding
is in line with previous studies that observed good correlation between LV volumetric and
functional analysis using 2DE and CCTA (6, 7, 17-21). Despite the significant correlation be-
tween CCTA and 2DE, several reports presented an overestimation of the volumetric data by
CCTA (20, 22, 23). In this study, overestimation of LVEF was noted on CCTA, a finding that is
consistent with those of previous studies. These inter-modality discrepancies may be due to
differing volumetric methods. In contrast to 2DE using a modified Simpson’s method based
on geometric assumption, CCTA can delineate detailed endocardial borders in consecutive
2D images and allows for measurement of the 3D volume using the classic Simpson’s meth-
od. Another cause of the inter-modality discrepancy may be the use of beta-blocker pre-med-
ication during CCTA. Finally, the temporal resolution of CCTA may be limited in demonstrat-
ing precise end-systolic and end-diastolic volume, which may be more likely using 2DE (22).
However, the CCTA, rather than 2DE, demonstrated closer results to CMR data, which is ac-
knowledged as the gold standard method for evaluation of ventricular function (23).

Prior studies have demonstrated the importance of diastolic function in patients with cor-
onary artery disease (24, 25). According to a recent meta-analysis studying 3396 patients
with myocardial infarction, a higher mortality rate was noted in patients with restrictive LV
filling pattern than in patients without diastolic dysfunction (28.7% vs. 11.3%, respectively;
p <0.01) (25). As an alternative and non-invasive method for diastolic LV filling function,
transmitral velocimetry has been performed using 2DE (26, 27). The present study demon-
strated that CCTA is comparable to 2DE for assessing LV diastolic function with strong cor-
relation. In terms of the transmitral valvular velocity measurement, 2DE allocates a fixed
Doppler signal sampling volume in a post-valvular jet area, where the maximum velocity is
depicted. However, this fixed sampling volume cannot negotiate with a longitudinally mov-
ing mitral valvular orifice, which may deteriorate reliability of functional parameters (11,
12, 28). CCTA in this study traced the mitral valvular orifice throughout cardiac phases dur-
ing diastole and measured orifice areas for more reliable velocimetry. This technical detail
may lead to the acceptable CCTA results of diastolic function evaluation in spite of its limit-
ed temporal resolution. Moreover, the correlation coefficients of both E/A and E/E’ were
stronger than that of systolic functional parameters (e.g., EF, SV, and CO). Therefore, the in-
ter-modality agreements of the diastolic parameters were better than that of the systolic pa-
rameters, which indicates a more reliable clinical application of this technique.

According to previous studies, gated myocardial perfusion single-photon emission com-
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puted tomography (SPECT) correlated well with echocardiography and CMR in evaluating
the systolic function with LV volumes and EF (29, 30), although its ability to determine the di-
astolic function of LV is not well considered yet. Bennett et al. (31) attempted to correlate
16-phase gated SPECT time-volume curves with echo Doppler early/late diastolic flow ratios
for diastolic dysfunction, but further studies may be required to validate their clinical appli-
cations.

There are some limitations of this study. Since CCTA acquired 10 phase images per cardi-
ac cycle, the data for the calculated velocity were per 10% of the R-R interval. Due to the in-
ferior temporal resolution of CCTA to 2DE, the peak velocity, E/A, and E/E’ may have been
underestimated. This limitation may be overcome by increasing the sampling rate or reduc-
ing the heart rate, if medically possible (10, 14, 29). Second, we applied simple exclusion cri-
teria for selecting the study population, which consisted of patients who underwent cardiac
surgery or coronary intervention. Therefore, the study population was inhomogeneous and
patients with various kinds of cardiomyopathy (e.g., hypertrophic cardiomyopathy or dilat-
ed cardiomyopathy) or with incidentally founded myocardial infarction were included.
Therefore, the ranges of some functional parameters were wide (e.g., EF range; 30.2-91.5%)),
which may produce a measurement error or influence the statistical analysis.

In conclusion, the systolic and diastolic LV functional parameters acquired from routine
CCTA in the present study demonstrated moderate to strong correlations with echocardio-
graphic results, although the absolute values differed. When CCTA is performed with retro-
spective ECG gating, additional information about the LV function can be acquired as reli-
ably as with echocardiography.

Conflicts of Interest

The authors have no potential conflicts of interest to disclose.

Acknowledgments

This research was supported by Basic Science Research Program through the National Research Founda-
tion of Korea (NRF) funded by the Ministry of Science, ICT & Future Planning (NRF-2015R1A2A2A03005433)
and research fund from Dong-A University College of Medicine.

REFERENCES

1. Wood PW, Choy JB, Nanda NC, Becher H. Left ventricular ejection fraction and volumes: it depends on the
imaging method. Echocardiography 2014;31:87-100

2. Kondo C, Fukushima K, Kusakabe K. Measurement of left ventricular volumes and ejection fraction by
quantitative gated SPET, contrast ventriculography and magnetic resonance imaging: a meta-analysis. Eur
J Nucl Med Mol Imaging 2003;30:851-858

3. van der Vleuten PA, Willems TP, Gotte MJ, Tio RA, Greuter MJ, Zijlstra F, et al. Quantification of global left
ventricular function: comparison of multidetector computed tomography and magnetic resonance imag-
ing. a meta-analysis and review of the current literature. Acta Radiol 2006;47:1049-1057

4. Yong Y, Wu D, Fernandes V, Kopelen HA, Shimoni S, Nagueh SF, et al. Diagnostic accuracy and cost-effec-
tiveness of contrast echocardiography on evaluation of cardiac function in technically very difficult pa-
tients in the intensive care unit. Am J Cardiol 2002;89:711-718

5. Hoffmann U, Truong QA, Schoenfeld DA, Chou ET, Woodard PK, Nagurney JT, et al. Coronary CT angiogra-
phy versus standard evaluation in acute chest pain. N Engl J Med 2012;367:299-308

6. Vieira ML, Nomura CH, Tranchesi Junior B, Oliveira WA, Naccarato G, Serpa BS, et al. Left ventricular ejec-

78 jksronline.org



J Korean Soc Radiol 2019;80(1):69-80

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

cHﬁ‘_I-oélAOI-QIZFEIXI

tion fraction and volumes as measured by 3d echocardiography and ultrafast computed tomography. Arg
Bras Cardiol 2009;92:294-301

. Sugeng L, Mor-Avi V, Weinert L, Niel J, Ebner C, Steringer-Mascherbauer R, et al. Quantitative assessment of

left ventricular size and function: side-by-side comparison of real-time three-dimensional echocardiogra-
phy and computed tomography with magnetic resonance reference. Circulation 2006;114:654-661

. Kara B, Nayman A, Guler I, Gul EE, Koplay M, Paksoy Y. Quantitative assessment of left ventricular function

and myocardial mass: a comparison of coronary CT angiography with cardiac MRI and echocardiography.
Pol J Radiol 2016;81:95-102

. Bhatia RS, Tu JV, Lee DS, Austin PC, Fang J, Haouzi A, et al. Outcome of heart failure with preserved ejec-

tion fraction in a population-based study. N Engl J Med 2006;355:260-269

Zile MR, Brutsaert DL. New concepts in diastolic dysfunction and diastolic heart failure: Part I: diagnosis,
prognosis, and measurements of diastolic function. Circulation 2002;105:1387-1393

Oh JK, Appleton CP, Hatle LK, Nishimura RA, Seward JB, Tajik AJ. The noninvasive assessment of left ventric-
ular diastolic function with two-dimensional and Doppler echocardiography. J Am Soc Echocardiogr 1997,
10:246-270

Ommen SR, Nishimura RA, Appleton CP, Miller FA, Oh JK, Redfield MM, et al. Clinical utility of Doppler
echocardiography and tissue Doppler imaging in the estimation of left ventricular filling pressures: a com-
parative simultaneous Doppler-catheterization study. Circulation 2000;102:1788-1794

Boogers MJ, van Werkhoven JM, Schuijf JD, Delgado V, El-Naggar HM, Boersma E, et al. Feasibility of dia-
stolic function assessment with cardiac CT: feasibility study in comparison with tissue Doppler imaging.
JACC Cardiovasc Imaging 2011;4:246-256

Hwang JS, Lee H, Lee B, Lee SJ, Jou SS, Lim HK, et al. Estimation of diastolic filling pressure with cardiac
CT in comparison with echocardiography using tissue Doppler imaging: determination of optimal CT re-
construction parameters. Korean J Radiol 2017;18:632-642

Christner JA, Kofler JM, McCollough CH. Estimating effective dose for CT using dose-length product com-
pared with using organ doses: consequences of adopting International Commission on Radiological Pro-
tection publication 103 or dual-energy scanning. AJR Am J Roentgenol 2010;194:881-889

Lang RM, Bierig M, Devereux RB, Flachskampf FA, Foster E, Pellikka PA, et al. Recommendations for cham-
ber quantification: a report from the American Society of Echocardiography’s Guidelines and Standards
Committee and the Chamber Quantification Writing Group, developed in conjunction with the European
Association of Echocardiography, a branch of the European Society of Cardiology. J Am Soc Echocardiogr
2005;18:1440-1463

Schuijf JD, Bax JJ, Jukema JW, Lamb HJ, Salm LP, de Roos A, et al. Assessment of left ventricular volumes
and ejection fraction with 16-slice multi-slice computed tomography; comparison with 2D-echocardiogra-
phy. Int J Cardiol 2007;116:201-205

Salm LP, Schuijf JD, de Roos A, Lamb HJ, Vliegen HW, Jukema JW, et al. Global and regional left ventricular
function assessment with 16-detector row CT: comparison with echocardiography and cardiovascular
magnetic resonance. Eur J Echocardiogr 2006;7:308-314

Schuijf JD, Bax JJ, Salm LP, Jukema JW, Lamb HJ, van der Wall EE, et al. Noninvasive coronary imaging and
assessment of left ventricular function using 16-slice computed tomography. Am J Cardiol 2005;95:571-574
Kim TH, Hur J, Kim SJ, Kim HS, Choi BW, Choe KO, et al. Two-phase reconstruction for the assessment of
left ventricular volume and function using retrospective ECG-gated MDCT: comparison with echocardiog-
raphy. AJR Am J Roentgenol 2005;185:319-325

Dirksen MS, Bax JJ, de Roos A, Jukema JW, van der Geest RJ, Geleijns K, et al. Usefulness of dynamic mul-
tislice computed tomography of left ventricular function in unstable angina pectoris and comparison with
echocardiography. Am J Cardiol 2002;90:1157-1160

Ritchie CJ, Godwin JD, Crawford CR, Stanford W, Anno H, Kim Y. Minimum scan speeds for suppression of
motion artifacts in CT. Radiology 1992;185:37-42

Yamamuro M, Tadamura E, Kubo S, Toyoda H, Nishina T, Ohba M, et al. Cardiac functional analysis with multi-
detector row CT and segmental reconstruction algorithm: comparison with echocardiography, SPECT, and
MR imaging. Radiology 2005;234:381-390

Blyakhman FA, Naidich AM, Kolchanova SG, Sokolov SY, Kremleva YV, Chestukhin WV. Validity of ejection
fraction as a measure of myocardial functional state: impact of asynchrony. Eur J Echocardiogr 2009;10:
613-618

https://doi.org/10.3348/jksr.2019.80.1.69 79



I:Hﬁ|-0(=)|)\o|-2|ff_!'i|x|

Comprehensive Functional Evaluation of Left Ventricle with Coronary CT Angiography _

25. Meta-Analysis Research Group in Echocardiography (MeRGE) AMI Collaborators, Mgller JE, Whalley GA,
Dini FL, Doughty RN, Gamble GD, et al. Independent prognostic importance of a restrictive left ventricular
filling pattern after myocardial infarction: an individual patient meta-analysis: Meta-Analysis Research
Group in Echocardiography acute myocardial infarction. Circulation 2008;117:2591-2598

26. Nagueh SF, Appleton CP, Gillebert TC, Marino PN, Oh JK, Smiseth OA, et al. Recommendations for the eval-
uation of left ventricular diastolic function by echocardiography. Eur J Echocardiogr 2009;10:165-193

27. Nagueh SF, Smiseth OA, Appleton CP, Byrd BF 3rd, Dokainish H, Edvardsen T, et al. Recommendations for
the evaluation of left ventricular diastolic function by echocardiography: an update from the American So-
ciety of Echocardiography and the European Association of Cardiovascular Imaging. Eur Heart J Cardio-
vasc Imaging 2016;17:1321-1360

28. Nagueh SF, Appleton CP, Gillebert TC, Marino PN, Oh JK, Smiseth OA, et al. Recommendations for the eval-
uation of left ventricular diastolic function by echocardiography. J Am Soc Echocardiogr 2009;22:107-133

29. Kuroiwa Y, Nagamachi S, Miyati T, Yamaguchi K, Nishii R, Kuga N, et al. The agreement of left ventricular
function parameters between (99m)Tc-tetrofosmin gated myocardial SPECT and gated myocardial MRI.
Ann Nucl Med 2012;26:147-163

30. Slart RH, Bax JJ, de Jong RM, de Boer J, Lamb HJ, Mook PH, et al. Comparison of gated PET with MRI for
evaluation of left ventricular function in patients with coronary artery disease. J Nucl Med 2004;45:176-182

31. Bennett NM, Qamruddin S, Colletti PM. Diastolic function with 16-phase gated myocardial perfusion
SPECT. Clin Nucl Med 2014;39:e355-e358

S Qo g HYH WeHANSS G o83 A 7se] 1T grts
o XA Al Z-gut /g7t vlaste] A/ dS Lok izt shgict

CHATL B o] Al eSS} o|3bel 4] M2 0tE B5 A3t 99
TS tFO R St WE WSS EY FdS 10AR A/dsto] Al
= 7|50 HRlE AAES AXISISIT) SR N HA T A7 J S o] 8ato] Al
AZE-8A S Fotal SRS 53 AREE 4 FofA] E/A ratios AlAFSHITE
T3 SRR T S5 AMIYGolA S75to] B/E ratiog Alkteiltt. dojd
£ 7154 $AES oA Al Z-Sute] Aol v awsigict

2t AN 7S 84, 2 571 84, A4 BEE, 18] BE e &
AA AT ARk ZAk0] TS Bl om(r=0.732, 0.821, 0.416, 0.394, 0.328, 0.764; p <
0.05), E/A 2 E/E ratio= ZH d-& B thr=0.807, 0.751; p < 0.05).

ZE TP AT 5713 R0 R HYH We WSS FdS ol8sto] A2
AA ) B 7)'5 x| A3 utel Hlusto] A= det Auks e 4 ok

80 jksronline.org



