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Abstract

Background: Multidetector computed tomography angiography (MDCT) can provide data re-
garding cardiac function if a retrospective scanning is applied. We aimed at examination of the
reproducibility of traditional and more sensitive parameters of the left ventricular (LV) contractility
by means of a 64-row CT in order to establish errors of measurement and to determine limits that
allow for a reliable detection of their changes.

Methods and Results: A random sample of 25 individuals, including 15 females (aged 64 + 13
years) and 10 males (54 = 13 years), who had MDCT examination were retrospectively included
in this study. Data reconstructions were performed on a dedicated workstation. In each case, axial
image series were created with a 10% step from 0% to 90% of the RR interval using a 2 mm slice
thickness. LV volume was determined in each phase. Detailed LV volume changes within phases
were analyzed to determine the largest difference between the neighbor phases (peak ejection volu-
me, PEV, mL) during systole and to calculate the peak ejection rate (PER i.e. PEV/phase duration
[1/10" of RR interval], mL/s). The derived parameters were calculated as the PER normalized for
LVEDV (PER-V, 1/s), the PER normalized for LVM (PER-M, mL/g X s) and the PER normalized
for LVEDYV times the PER normalized for LVM product (PER-VM, miljg X s°). Considering the er-
rors percentages, the respective values for intra- and inter-observer errors were around 5% and 8%
for standard LV systolic measures. The percentage intra-observer ervors’ ranged between —7.8% and
—10.8%, and the inter-observer errors’ ranged between —11.8% and —15.7% for both PEV and PER.
For the same reader, the percentage errors ranged between —8.7% and +11.9% for PER-V, —-10% and
+12.7% for PER-M and —18.2% and +24% for PER-VM. For the independent reader the correspon-
ding values were —15.2% and +15.5%, —12.3% and +16.3%, and —-26.6% and +30.9%. The intra-
-class coefficients for repeated measurements for both the same reader (intra-observer) or independent
reader (inter-observer) did reach values above 0.9 and around 0.8, respectively.

Conclusions: We concluded that traditional LV systolic parameters, as well as more sensitive mea-
sures of cardiac contractility could be determined reliably by means of a 64-row MDCT. The errors
for global LV systolic function measures amount to about 5%, for PEV and PER about 15% and for
the PER-derived parameters about 25%. The measurement errors established might help to assess
the significance of changes in rvepeated MDCT examinations. (Cardiol ] 2013; 20, 4: 385-393)
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Introduction

Coronary computed tomography (CT) angio-
graphy is an established noninvasive method for co-
ronary arteries imaging in patients with symptoms
suggestive of coronary artery disease, both for
diagnostic and prognostic purposes [1, 2]. In a case
of the retrospective scanning, a multi-detector CT
(MDCT) examination permits the measurement of
volumes, and assessment of cardiac function [3].
Apart from diagnostic information, the left ventri-
cular (LV) function evaluation adds incremental
prognostic value over coronary artery evaluation
[4]. It has already been documented that cardiac
MDCT allows for a reliable and reproducible as-
sessment of LV volume, hence the most common
LV global systolic function measure, i.e. LV ejection
fraction (LVEF) [5]. However, LVEF has certain
limitations for LV contractility determination [6, 7].
We aimed at examination of the reproducibility of
more detailed parameters of LV systolic function
by means of a MDCT in order to establish errors of
their measurements and to determine error-related
limits for reliable detection of their changes.

Methods

Study patients

A random sample of 25 individuals, including
15 female patients (mean age 64 = 13 years) and
10 male patients (mean age 54 + 13 years), who had
cardiac MDCT examination performed between
June 2007 and March 2012, were retrospectively
included in this study. The reasons for the cardiac
MDCT examination were either the evaluation of
coronary arteries, coronary stents or aorto-coro-
nary anastomoses patency, or detection of ascen-
ding aorta dissection. In a few, cardiac MDCT exa-
mination was a part of investigation procedures
before aortic valve implantation, either surgical
or transcutaneous. Exclusion criteria were: car-
diac arrhythmias, including atrial fibrillation
or frequent premature beats, known allergy to
iodine-contrast agents, renal impairment (serum
creatinine > 150 mmol/L).

All patients gave their informed consent for
the MDCT examination (for clinical indications).
The study conformed to the revised Helsinki
Declaration upon ethical principles for medical
research involving human subjects, amended in
2008 [8]. Local ethics committee approval was not
required taking into account the retrospective and
anonymous design of the study.

Cardiac MDCT study

Cardiac MDCT examinations were perfor-
med with a 64 scanner (Aquilion, Toshiba, Japan).
The detector collimation was 64 X 0.5 mm with
the rotation time of 0.4 s. The CT pitch factor was
between 0.2 and 1.0. The tube voltage and current
were set taking into account the patient’s body
mass index (BMI): 120 kV and 330 mA for BMI
< 24 kg/m* 135 mV and 380 mA for BMI between
24 and 30, and 135 kV and 430 mA in those with
BMI > 30. Depending on the scanning time,
a total volume of 90 mL to 130 mL of non-ionic
contrast (iomeprol, lomeron 400, Bracco, UK or
iopromide, Ultravist 370, Schering, Germany)
was injected into the antecubital vein at a flow
rate of 4-5 mL/s.

The retrospective ECG-gated scanning of the
heart, preceded by the Sure-Start monitoring at the
start scan position, was performed. The scanning
was triggered once the descending aorta opacity re-
ached 180 Hounsfield units. Cardiac images ranging
usually from the ascending aorta to the apex were
acquired during a single breath-hold of approxima-
tely 10 s (n = 20). In some cases the window was
extended towards aortic arc (post-coronary artery
bypass grafting, n = 3, aortic stenosis, n = 2).
Depending on the scanning span, the effective
dose ranged between 12-18 milliSieverts (mSv)
for usual cardiac MDCT (coronary angiography),
and between 15 mSv and 33 mSv for cardiac and
thoracic aorta scanning.

Reconstructions of data were performed on
dedicated workstation (Vitrea2, Vital Images, USA,
version 5.1). In each case, ten axial image series
were created with a 10% step from 0% to 90% of
the RR interval, using a 2 mm slice thickness in
order to reduce the amount of data.

Data analysis

LV volume was determined in each phase
semi-automatically using the commercially avai-
lable software under visual inspection and manual
correction, if necessary. Phases with the largest
and the smallest LV volume defined the LV end-
-diastole and LV end-systole with their correspon-
ding volumes (LVEDV and LVESV, mL). LVEF (%)
was calculated by using commonly used formula.
LV mass (LVM, g) was calculated as the differen-
ce between epicardial and endocardial volumes
multiplied by a factor of 1.04 [g/mL]. Detailed LV
volume changes within phases of cardiac systole
were analyzed to determine the largest difference
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Figure 1. Bland-Altman plot of reproducibility of global systolic function parameters (intra-observer).

between the neighboring phases (peak ejection
volume, PEV, mL) during systolic phases and to
calculate the peak ejection rate (PER i.e. PEV/
/phase duration [1/10" of RR interval], mL/s) [9].
The derived parameters were calculated as the
PER normalized for LVEDV (PER-V, 1/s), the PER
normalized for LVM (PER-M, mL/g X s) and the
PER normalized for LVEDV times the PER nor-
malized for LVM product (PER-VM, mL/g X s°.

www . cardiologyjournal.org

All data were measured twice by the same reader
(MS) or by another reader blinded to the other
measurements (RM) at least 6 weeks apart from
the first evaluation.

Statistical analysis

Measurement errors were quantified by means
of Bland-Altman method [10]. For each parameter
the intra-class coefficients were calculated.
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Figure 2. Bland-Altman plot of reproducibility of peak ejection volume-derived parameters (intra-observer).

Results

The detailed results of measurements are
displayed in Figures 1-4. For repeated measure-
ments by the same reader, the mean difference of the
global LV systolic function parameters (+ 1.96 SD)
was less than 5 mL for EDV, 3.8% for EF and
9.6 g for LVM (Fig. 1). The inter-reader errors re-
ached 7 mL, 5.0% and 19.1 g, respectively (Fig. 3).
While considering the errors percentages, the respec-
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tive values for intra- and inter-observer errors were
4.3%, 5.6% and 5.2%, and 5.3%, 10.6% and 8.8%.
For the PEV and PER, the mean absolute dif-
ference between the two measurements reached
(intra-observer) 4 mL and 34.7 mL/s, and (in-
ter-observer) 4.8 mL and 52.6 mL/s (Figs. 2, 4).
The corresponding percentage of intra-observer er-
rors’ range were quantified as lying between —7.8%
and —-10.8%, and the inter-observer errors’ range
between —11.8% and —15.7% for both PEV and PER.

www.cardiologyjournal.org



Maciej Sosnowski et al., LV function on 64-cardiac CT

041
. +1.96 SD
031 o o 0,33
[e]
w o1 e
& r ° Mean
E 'o!o | o 5 o U103
L IS o
o 01
o o
02
02 Q -1.96 SD
-0,30 1 L ° 1 1 1 -0.26,
10 15 20 25 30 35 40 45
AVERAGE of PERM and PERM1
201 +1596 SD
150 . i 1,84
% "or o Oo ©
E 05 —% Mean
0,0 ° 0,20
2 °
r 051 °©
1T}
o 1,01 o
B o °° _..-1.96 SD
1.5 1,45
200 o0y
2 4 6 8 10 12 14 16
AVERAGE of PERVM and PERVM1

(PERM - PERM1) / Average %

(PERVM - PERVM1) / Average %

151 +1.96 SD
10k ° o 12,7
o o & o
51 O
o oou Mean
of- o o 13
o o
5r
(o] © °
-10 -1.96 SD
° -10,0
-150 1 1 ! ! ! ! |
1,0 1,5 20 25 30 35 40 45
AVERAGE of PERM and PERM1
301
L +1.96 SD
20 o 24,0
I ° o o © ©
101 N o °o
- ° ° Mean
or 2 °Q 5 29
i ]
101 o
I °° -1.96 SD
20 -18,2
| o
] ) o I T TR S SN SR BN
2 4 6 8 10 12 14 16
AVERAGE of PERVM and PERVM1

Figure 2 (continued). Bland-Altman plot of reproducibility of peak ejection volume-derived parameters (intra-observer).

The absolute PER-derived parameter errors
were quantified as reaching 0.31 1/s for PER-V,
0.30 mL/g X s for PER-M, and 1.45 mL/g x s’ for
PER-VM for the same reader (Fig. 2), and 0.36 1/s for
PER-V,0.30mL/g X s for PER-M, and 1.62 mL/g X s’
for PER-VM for the independent second reader
(Fig. 4). For the same reader, the corresponding
percentage errors ranged between -8.7% and
+11.9% for PER-V, -10% and +12.7% for PER-M
and -18.2% and +24% for PER-V x PER-M (Fig. 2).
For the independent reader (inter-observer errors)
the corresponding values were —15.2% and +15.5%,
-12.3% and +16.3%, and —26.6% and +30.9% (Fig. 4).
The intraclass correlation coefficients for repeated
measurements for both the same reader and inde-
pendent reader are presented in Table 1.

Discussion

Cardiac function is a basic clinical variable that
guides diagnosis, therapeutic decisions, as well as
prognosis. In practice, it is assessed by means of

www . cardiologyjournal.org

echocardiography, however, in certain cases, inade-
quate acoustic window and an operator-dependent
error, as well as not optimal reproducibility might
limit its reliability [11-13]. On the other hand,
the use of the so-called “gold” standard method,
1.e. nuclear magnetic resonance, is limited by
a relatively low availability and costs. Two other
methods, i.e. gated single photon emission CT and
cardiac MDCT, lie in between. Cardiac MDCT is an
acceptable alternative method for cardiac function
evaluation in patients who, for various reasons,
have contra-indications for “gold standard” method
or who present with features that limit a reliable
cardiac function assessment. As long as the retro-
spective scanning is used (mostly for coronary ar-
teries, aortic valve and ascending aorta evaluation),
the data stored allows for determination of cardiac
chambers’ volumes and their changes over cardiac
cycle. As the X-rays exposure cannot be ignored
in a retrospective scanning [14], reports about all
possible features, including cardiac function, do
seem mandatory.
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Figure 3. Bland-Altman plot of reproducibility of global systolic function parameters (inter-observer).

Determination of the errors of measurement of
any parameter does seem obligatory if the method
is going to be used for diagnostic purposes. Such
errors can partly explain the differences between
MDCT and other methods, including “golden” or
“reference” methods, usually echocardiography.
We did not address this issue, as magnetic reso-
nance imaging was not available at our center.

Results of our study indicate that more
sensitive cardiac contractility measures could

be determined using a 10-phase retrospective
reconstructions. However, as the error of me-
asurements might be considered high (25%),
a clear change of systolic function might not out-
-weight a more reproducible LVEF assessment.
We are aware that more frequent sampling
(20 phases, each of 5% of R-R interval) might
provide a more precise measurement [15, 16],
albeit at the cost of the substantial increase of
the time needed for reconstructions and analysis.
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Figure 4. Bland-Altman plot of reproducibility of peak ejection volume-derived parameters (inter-observer).

We were unable to assess the qualitative
comparisons since normal limits for several pa-
rameters had not been established as yet. Also,
there is no data from previous studies that might
serve as a source of normal limits. As cardiac CT
examination cannot be performed in apparently
healthy individuals for ethical reasons, data re-
garding lower and upper normal limits cannot be
actually established.

www . cardiologyjournal.org

We would like to emphasize that in the present
study we introduced a new parameter of systolic
function, i.e. PEF normalized for LVEDV times the
PEF normalized for LVM. In contrast to commonly
used parameters, such a new measurement com-
bines effects of both pressure- and volume-related
loads. In addition, PEF normalized for LVEDV and
LVM does not need to be indexed for body surface
area or height. However, changes amounting to
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Figure 4 (continued). Bland-Altman plot of reproducibility of peak ejection volume-derived parameters (inter-observer).

Table 1. Reproducibility of left ventricular systolic function parameters as estimated by means of intra-

-class coefficients.

Parameter Intra-observer Inter-observer
ICC [95% confidence interval] ICC [95% confidence interval]

EDV 0.99 [0.997-0.999] 0.99 [0.997-0.999]
LVEF 0.98 [0.956-0.991] 0.99 [0.983-0.997]
LVM 0.99 [0.991-0.998] 0.98 [0.964-0.993]
PEV 0.99 [0.979-0.996] 0.98 [0.954-0.991]
PER 0.98 [0.968-0.994] 0.96 [0.921-0.984]
PER-V 0.99 [0.980-0.996] 0.98 [0.957-0.991]
PER-M 0.97 [0.943-0.989] 0.98 [0.963-0.993]
PER-V x PER-M 0.96 [0.910-0.982] 0.97 [0.943-0.989]

The intra-class correlation coefficient (ICC) value > 0.9 indicates almost perfect reproducibility; see abbreviations in the text

over 25% of basal calculation are necessary to be
considered significant.

Conclusions

Traditional LV systolic parameters, as well as
more detailed measures can be reliably determined by
means of a 64-row MDCT. The errors for global LV sy-

stolic function measures were found in about 5%, for
PEV and PER in about 15% and for the PER-derived
parameters in about 25%. The measurement errors
established might help to assess the significance of
changes in repeated MDCT examinations.
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