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Abstract To evaluate the accuracy and feasibility of right
ventricular function parameters measurement using
320-slice volume cardiac CT. Retrospective analysis of 50
consecutive patients (23 men, 27 women) with suspected
pulmonary diseases was performed in electrocardiogram
(ECG)-gated cardiac CT and cardiac magnetic resonance
(CMR). Parameters including right ventricular end-diastolic
volume (RVEDV), right ventricular end- systolic volume
(RVESV), right ventricular stroke volume (RVSV), right
ventricular cardiac output (RVCO), and right ventricular
ejection fraction (RVEF) were semi-automatically and sep-
arately calculated from both CT and CMR data. Significant
difference between measurements was measured by paired t
test and two-variable linear regression analysis with Pear-
son’s correlation coefficient. Bland—Altman analysis was
performed in each pair of parameters. There was little vari-
ability between the measurements by the two observers
(kappa = 0.895-0.980, P < 0.05). There was good corre-
lation between all parameters obtained by CT and CMR
(P < 0.001): RVEDV (108.5 & 21.9 ml, 113.5 &+ 24.8 ml,
r =0.944), RVESV (69.8 £ 33.4 ml, 73.2 + 354 ml,
r=0972), RVSV (39.0 £ 132 ml, 40.2 £ 13.3 ml,
r=0.977), RVCO (2.6 £0.71, 2.6 £ 0.7 1. r = 0.958),
RVEF (38.8 &+ 19.1 %, 39.1 £ 19.3 %, r = 0.990), and
there was no significant difference between CT and CMR
measurements in RVEF (n = 50, t = —0.677, P > 0.05).
320-slice volume cardiac CT is an accurate non-invasive
technique to evaluate RV function.
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Introduction

The right ventricle (RV) is affected by and contributes to a
number of cardiovascular disease processes. Therefore,
assessment of right ventricular function is of pivotal impor-
tance in selecting the optimal treatment method and predict-
ing prognosis in clinic [1]. However, the complex geometric
shape of the RV and heavy trabeculation of the free wall
complicate edge recognition [2]. The importance of the RV is
recognized in certain conditions, such as in follow-up of some
corrected and non-corrected congenital heart diseases [3, 4].
Non-invasive methods for evaluating RV function include
2-dimensional (2D) and 3-dimensional (3D) echocardiogra-
phy and cardiac radionuclide, which still have some limita-
tions [5]. Cardiac magnetic resonance (CMR) can be used to
accurately assess RV volume and has been regarded as the
reference standard for RV function assessment. The draw-
backs of CMR include long examination time, exclusion of
patients with metal implants, claustrophobia, etc. Cardiac CT,
because of increased spatial and temporal resolution, has been
well established for evaluation of the left ventricle function, as
it can accurately calculate the left ventricular (LV) volume
and LV ejection fraction [6-8]. The assessment of the right
heart on chest CT can give additional information with regard
to some diseases, such as pulmonary embolism and pulmon-
ary hypertension. This comprehensive evaluation of pul-
monary parenchyma, vessels, and heart has emerged as a new
trend in thoracic imaging [9-11].

Many studies have reported that CMR and multi-detector
row CT (MDCT) were the most accurate techniques to
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measure the RV volume and ejection fraction because of
their high spatial and temporal resolution [12, 13], but it is
still hard to achieve “iso-tropic” and “iso-phasic” in con-
ventional multi-slice CT (MSCT). 320-slice volume cardiac
CT has 175 ms temporal resolution with 160 mm of Z axis
length, which could cover the entire heart in one single scan.
The purpose of this study was to evaluate the feasibility and
accuracy of right ventricular function parameter measure-
ments using ECG-gated 320-slice volume cardiac CT in
comparison to cardiac MR imaging.

Materials and methods

Retrospective analysis of 50 consecutive patients (23 men
and 27 women, mean age 55 & 9.6 years) with clinically
suspected pulmonary artery diseases was performed during
August and December 2009. All patients provided
informed consent. All cases underwent both 320-slice
volume cardiac CT and CMR on the same day.

During a single breath hold (lasting 5 s or less), single
heartbeat ECG-gated 320-slice volume cardiac CT (Aquilion
ONE, Toshiba Medical Systems, Otawara, Japan) was per-
formed with the following volume scanning parameters:
100 kVp, 250 mA, collimation 0.5 mm, rotation time 0.35 s,
range 160 mm, field-of-view 320 mm. Automatic tube

current monitoring technology was used to reduce the radi-
ation exposure and ensure the image quality. No B-blocker
preparation was used. All patients had a regular ventricular
rhythm during the examination. Contrast injection was done
using 45 ml nonionic contrast agent (Omnipaque 350 mgl/
ml, GE, USA) at a flow rate of 4.5 ml/s, followed by 45 ml
saline at the same flow rate. From early systole to late diastole
(0-95 % R-R interval), volume data from 20 phases were
reconstructed at 5 % intervals with slice thickness of
0.5 mm. The RV volume was defined from RV apex to tri-
cuspid valve level. The RV outflow tract to the pulmonary
valve was included. Semi-automatic contour detection of the
RV was performed, as well as manual correction if necessary.
RV function-related parameters including right ventricular
end-diastolic volume (RVEDV), right ventricular end- sys-
tolic volume (RVESYV), right ventricular stroke volume
(RVSV), right ventricular cardiac output (RVCO), and right
ventricular ejection fraction (RVEF) were calculated using
Cardiac Function Analysis (CFA) software in VITAL-fx
workstation (Toshiba, Japan) (Figs. 1, 2).

All the patients were examined on a 1.5T whole body
MR scanner (Magnetom Sonata, Siemens, Germany) on the
same day. An eight-element phase-array torso coil was
used, and true fast imaging with steady precession (True
FISP) sequence (TR/TE, 29.28 ms/1.08 ms; flip angle, 50°)
with retrospective ECG-gated was used to acquire dynamic

Fig. 1 Right heart function analysis software contour correction in VITAL-fx Cardiac Function Analysis workstation (Toshiba, Japan)
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Fig. 2 End-diastole (a) and end-systole (b) phases of right ventricle view by 320-slice volume cardiac CT

cine loops of RV. The RV was entirely imaged from the
base to the apex in 10-14 short-axis cine images, composed
of section thickness of 5 mm with no gap and a 450 mm
field-of-view. The cine loops were blindly analyzed offline
with commercial software (Argus, Siemens Medical Solu-
tion, Germany). Endocardial contour at end-systole and
end-diastole were manually drawn in a similar fashion as
volume cardiac CT (Fig. 3).

All of these measurements were blindly measured by
two experienced observers. The data was analyzed using
SPSS11. All variables were recorded as mean £ SD. The
consistency between two observers was analyzed via kappa
test. Significance of differences between the measurements
was analyzed by a paired t test and two-variable linear
regression analysis with Pearson’s correlation coefficient.

Results

RVEDV (108.5 £ 21.9 ml, 113.5 4+ 24.8 ml; r = 0.944),
RVESV (69.8 £ 33.4 ml, 73.2 354 ml; r= 0.972),
RVSV (39.0 &+ 132 ml, 40.2 £ 13.3 ml; r = 0.977),
RVCO (2.6 £ 0.71,2.6 + 0.7 I;r = 0.958), RVEF (38.8 £+
19.1 %, 39.1 & 19.3 %; r = 0.990). And there was no sig-
nificant difference between CT and CMR measurements in
RVEF (n = 50, t = —0.677, P > 0.05), but differences of
RVEDV, RVESV, RVSV and RVCO were significant
(n =50,t = —4.177 t0 2.518, P < 0.05) (Table 2).

The distribution of demographics was described in
Table 1. The consistency between the two observers was
favorable (x = 0.895-0.980, P < 0.05). RVEDV (108.5 £+
219 ml, 113.5 + 24.8 ml; r = 0.944), RVESV (69.8 +
334 ml, 73.2 £354 ml; r=0.972), RVSV (39.0 +
13.2 ml, 40.2 + 13.3 ml; r = 0.977), RVCO (2.6 £ 0.7 1,
2.6 +0.71;, r=0.958), RVEF (38.8 £ 19.1 %, 39.1 &+
19.3 %; r = 0.990). And there was no significant differ-
ence between CT and CMR measurements in RVEF (n =
50, t = —0.677, P > 0.05), but differences of RVEDV,

RVESV, RVSV and RVCO were significant (n = 50,
t = —4.177 to 2.518, P < 0.05) (Table 2). Compared with
CMR, the systematic errors (mean difference) and the
95 % limits of agreement (1.96 SD around the difference)
were as follows: RVEDV (=49 ml; 95 % CI, 11.4 to
—21.3 ml), RVESV (—3.5 ml; 95 % CI, 12.8 to —19.7 ml),
RVSV (=13 ml; 95 % CI, 43 to —6.8 ml), RVCO
(=0.07L; 95 % CI, 0.31 to —0.45 1) and RVEF (—0.3 %;
95 % CI, 5.1to —5.6 %) (Fig. 4). Except RVEF and RVCO,
the volume CT measurements underestimated CMR in all
parameters. The mean radiation dose was 2.7 & 0.5 mSv
with a conversion factor of 0.014.

Discussion

Because we utilized whole heartbeat acquisition without
small blood vessel structure analysis, the data of single
complete R-R interval image reconstruction and degree of
contrast enhancement did not affect the RV function mea-
surement by 320-slice volume cardiac CT, even though some
of the patients had high heart rates ranging from 70 to 80
beats per minute. In our study, we found excellent agreement
between the 320-slice volume cardiac CT and CMR. The
results of our studies illustrate that 320-slice volume cardiac
CT allows reliable assessment of RV function when com-
pared with CMR. It also shows that there is no significant
difference between 320-slice volume cardiac CT and CMR
measurements in RVEF. Compared with CMR, it showed
good agreement with the values of RVEF and RVCO, while
the other data were slightly underestimated.

The factors contributing to difference in RV analysis
were analyzed as follows. (1) Limited temporal resolution.
High temporal resolution was needed to overcome motion
artifacts and to allow accurate measurement of RV func-
tion. Although we could use two or three heartbeats per
acquisition to reduce temporal resolution to 50 ms, this was
not done as the radiation dose and amount of contrast agent
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Fig. 3 Endocardial contour of right ventricle at end-systole and end-diastole were manually drawn similar to 320-slice volume cardiac CT on an

Argus Cardiac Function Analysis work-station (Siemens)

Table 1 Patient demographics (n = 50)

Class Value

Male 23

Female 27

Age (years) 550+ 9.6
Height (cm) 167.2 £ 6.3
Weight (kg) 72.1 £ 6.1
Heart rate during VCT (beat/min) 728 £ 11.2
Heart rate during CMR (beat/min) 70.2 £ 8.2

VCT 320-slice volume cardiac CT, CMR cardiac magnetic resonance

needed would significantly increase. (2) CMR has the
advantage of enabling cardiac functional assessment.
However, cardiac CT was not the first line examination for
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our assessment. It could possibly affect the adequacy of the
data of cardiac function assessment due to increases in the
preload and volume. (3) It was still difficult to accurately
detect the outline of the right ventricular myocardium as
the soft tissue resolution of volume cardiac CT is lower
than CMR. We drew the shape of the right ventricular
endocardium including papillary muscles and trabeculae in
order to improve consistency. (4) In order to avoid the
potential influence on cardiac function, rate-controlling
drugs such as beta-blockers were not used in this study.
There are several advantages in 320-slice volume car-
diac CT. First, there are almost no contraindications,
except iodine contrast agent allergy and renal dysfunction.
It additionally enables a comprehensive application in
cardiovascular diseases. Second, there is only a 1-s
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Table 2 Comparison of the right ventricular function parameters between volume cardiac CT and CMR (n = 50)

VCT CMR r P t P
RVEDV 108.5 £ 21.9 113.5 £ 24.8 0.944 0.000 —4.177 0.000
RVESV 69.8 £ 334 732 £354 0.972 0.000 —2.953 0.005
RVSV 39.0 £ 132 40.2 £ 133 0.977 0.000 —3.109 0.003
RVCO 26 £0.7 26 +£0.7 0.958 0.000 —2.518 0.015
RVEF 38.8 £ 19.1 39.1 £ 193 0.990 0.000 —0.677 0.510

VCT 320-slice volume cardiac CT, CMR cardiac magnetic resonance, RVCO right ventricular cardiac output, RVEDYV right ventricular end-
diastolic volume, RVEF right ventricular ejection fraction, RVESV right ventricular end-systolic volume, RVSV right ventricular stroke volume
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Fig. 4 Applications for inspection, consistency analysis by Bland—Altman tests compare CMR and 320-slice volume cardiac CT. Graphs
demonstrate the mean value of bias and 95 % confidence interval (95 % CI) for each variable. a RVEF; b RVEDV; ¢ RVESV;d RVSV; e RVCO

scanning time and 5-s breathhold for the whole examina-
tion. Third, Manses believed [14] that half-segmental
reconstruction was the most appropriate method for image
quality and temporal resolution in cardiac functional

assessment in MSCT. Thus, there is a significant advantage
of the super-wide detectors and 16-cm coverage of volume
CT for the cardiac function assessment as in our study. The
radiation dose and the amount of contrast agent were much
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lower than conventional cardiac CT. In our study, a total of
45 ml of contrast agent were used in 320-slice volume
cardiac CT, which is significantly lower than 80—100 ml
contrast agents in conventional cardiac CT [15]. Mean
radiation dose was 2.7 £ 0.5 mSv, which is also much
lower than conventional MSCT. Finally, RV function is an
important prognostic factor not only in the right heart and
pulmonary circulation diseases, but also in various left
heart diseases, which are currently of increasing concern.

There are several limitations to this study. First, the
sample size was small and should be increased in the future
study. Secondly, most of the current cardiac function
software is for left ventricular function analysis, which
leads to difficulty in RV contour detection. The software
for RV function analysis needs to improve.

Conclusion

320-slice volume cardiac CT is an accurate and non-
invasive technique to evaluate RV function.

Conflict of interest None.
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