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Objectives: The aim of this study was to prospectively evaluate the initial application
and value of prospective electrocardiogram (ECG)-triggered dual-source CT coronary
angiography (DSCTCA) in the diagnosis of infants and children with coronary artery
aneurysms due to Kawasaki disease.
Methods: 19 children [12 males; mean age 13.47 months, range 3 months to 5 years;
mean heart rate 112 beats per minute (bpm), range 83–141 bpm] underwent
prospective ECG-triggered DSCTCA with free breathing. Subjective image quality was
assessed on a five-point scale (1, excellent; 5, non-diagnostic) by two blinded observers.
The location, number and size of each aneurysm were observed and compared with
those of transthoracic echocardiography (TTE) performed within 1 week. Interobserver
agreement concerning the subjective image quality was evaluated with Cohen’s k-test.
Bland–Altman analysis was used to evaluate the agreement on measurements
(diameter and length of aneurysms) between DSCTCA and TTE. The average effective
dose required for DSCTCA was calculated for all children.
Results: All interobserver agreement for subjective image quality assessment was
excellent (k50.87). The mean¡standard deviation (SD) aneurysm diameter with
DSCTCA was 0.76¡0.36 cm and with TTE was 0.76¡0.39 cm. The mean¡SD aneurysm
length with DSCTCA was 2.06¡1.35 cm and with TTE was 2.00¡1.22 cm. The Bland–
Altman plot for agreement between DSCTCA and TTE measurements showed good
agreement. The mean effective dose was 0.36¡0.06 mSv.
Conclusion: As an alternative diagnostic modality, prospective ECG-triggered DSCTCA
with excellent image quality and low radiation exposure has been proved useful for
diagnosing infants and children with coronary artery aneurysms due to Kawasaki disease.
Advances in knowledge: Prospective ECG–triggered DSCTCA for infants and children
allows rapid, accurate assessment of coronary aneurysms due to Kawasaki diseases,
compared with TTE.
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Kawasaki disease (KD), also known as mucocutaneous
lymph node syndrome, is an autoimmune vasculitis in
which the small and medium vessels throughout the body
become inflamed [1, 2]. It predominantly occurs in infants
and children (younger than 5 years old). It affects many
organ systems; injury, such as aneurysm, dilation, ectasia,
stenosis and embolism, to the heart is rare but serious, and
fatal myocardial infarction can be induced in untreated
cases [3–6]. It is crucial to detect coronary artery lesions at
an early stage [7]. Diagnosis of KD is based on clinical
signs, symptoms and laboratory findings, but no specific
laboratory test exists and it is hard to establish the
diagnosis, especially in the early course [8].

Recently, multidetector CT, especially the advent of
dual-source CT, has provided improved spatial and
temporal resolution; moreover, multiple techniques on

dose reduction have been applied in children.
Electrocardiogram (ECG)-gated scans, especially retro-
spective ECG-gated scans, have been used to evaluate
coronary artery lesions in children with KD [2, 9]. The
high radiation dose required remains the main concern
[10]; even though dose-saving methods including low
tube potential, tube current modulation and body size-
adapted CT protocols have been adopted, the effective
radiation dose is still high at up to 2.17–3.14 mSv [11–13].

Recently, prospective ECG-triggered scans were con-
sidered to be the most promising approach for dose
reduction as they were used in the assessment of
cardiovascular deformities in children with congenital
heart disease [14–17]; however, no further studies have
been reported on the application of prospective ECG-
triggered CT angiography in children with KD.

The aim of this study was to evaluate the initial
application of prospective ECG-triggered dual-source CT
coronary angiography (DSCTCA) in infants and children
with coronary artery aneurysms due to KD.
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Methods and materials

Subjects

This study protocol was approved by the ethics board
of our hospital. Written informed consent was obtained
from all the children’s parents.

22 consecutive first-visit children (age range 3 months to
5 years) with suspected coronary artery lesions due to KD
were enrolled between December 2008 and January 2010 in
our institute. There were 14 males (age range 3 months to
5 years) and 8 females (age range 8 months to 4 years and
7 months). General exclusion criteria for contrast-
enhanced CT included known hypersensitivity to iodine-
containing contrast media (n52) and renal insufficiency
(serum creatinine level .150 mmol l21) (n51).

A total of 19 children [12 males, 7 females; mean age
13.47 months, range 3 months to 5 years; mean weight
11 kg; mean heart rate 112 beats per minute (bpm), range
83–141 bpm] suspected of having coronary artery aneur-
ysms due to KD were included in our study. All children
underwent transthoracic echocardiography (TTE) within
a week. The mean interval between the documented
onset of KD and DSCTCA/TTE was 42 days (range 15–
208 days), and the interval between the latest TTE and
DSCTCA was 3 days (range 1–7 days). Low-dose
prospective ECG-triggered DSCTCA with free breathing
was performed in all children. Beta-blockers were not
administered to any of the children.

The diagnosis was made according to the diagnostic
criteria of the American Heart Association for coronary
artery lesions in KD [8]. The risk stratification was
established based on previous studies [1, 8]. All children
received routine medical treatment, and underwent
routine examinations including complete blood count,
erythrocyte sedimentation rate, C-reactive protein and an
ECG.

Scanning protocol

A prospective ECG-triggered CT angiography scan
was performed on a DSCTCA scanner (SOMATOMH
Definition; Siemens Healthcare, Forchheim, Germany)
during free breathing. Sedation was achieved by admin-
istering oral chloral hydrate according to the patient’s
body weight and clinical condition. The scan range
extended from the branching point of the trachea to the
diaphragm.

Data were acquired according to the method described
previously [15]. The data acquisition window was set at
40% of the RR interval. Data were acquired during every
three or four heartbeats. The CT data acquisition
duration was 3–5 s.

CT angiography acquisition with an automated bolus-
tracking technique was initialised when enhancement in
the ascending aorta exceeded 100 HU.

Contrast material injection protocol

The non-ionic iodinated contrast material (350 mg I ml21;
UltravistH; Schering, Berlin, Germany) was administered
with a dual-chamber mechanical power injector (StellantH;

Medrad, Indianola, PA) via a 24-gauge cannula inserted
into an antecubital vein. The contrast material dose
was tailored to the individual’s body weight (2 ml kg21)
and was administered for a fixed duration injection
protocol (20 s). We adopted a fixed duration injection
protocol because fixed duration injections may allow a
reduction in individual variability in aortic enhancement
[18, 19]. After contrast injection, a given mass of saline
chaser (half that of the contrast material) was adminis-
tered at the same rate as the contrast material. The volume
of the contrast material and the saline chaser was based on
the results of one of our previous studies [15].

Image reconstruction and reformation

CT images were reconstructed in a monosegment
mode with a slice thickness of 0.60 mm and reconstruc-
tion increment of 0.40 mm, using a medium smooth
tissue convolution kernel (B26f). All images were
transferred to an external workstation (SyngoH, Multi-
modality Workplace; Siemens Healthcare, Forchheim,
Germany) for further image analysis.

Assessment of coronary artery lesions

The visualisation capability of coronary arteries was
graded for 13 arterial segments [20], including 4
segments of the right coronary artery (RCA): proximal
(RCA1), middle (RCA2), distal (RCA3) and posterior
descending artery (PDA); 1 segment of the left main
artery; 3 segments of the left anterior descending (LAD)
artery: proximal (LAD1), middle (LAD2), distal (LAD3);
3 segments of the left circumflex (LCX) artery: proximal
(LCX1), middle (LCX2), distal (LCX3); 1 segment of the
diagonal branch (D); and 1 segment of the obtuse
marginal branch (OMB). Subjective image quality was
independently assessed by two radiologists, one with 5
years and one with 6 years of experience in reading
coronary artery angiography images. Both readers were
blinded to the patient-identifying information. Cons-
ensus agreement was achieved between the two obser-
vers if disagreement existed. Overall image quality was
assessed using a five-point grading scale [12]: 1, no
motion artefact (Figure 1a); 2, minimal motion artefact—
one stair-step artefact (Figure 1b); 3, moderate motion
artefact (Figure 1c)—.1 stair-step artefact or minimal
blurring of a vessel; 4, severe artefact causing the
blurring of a vessel and the assessment was limited
(Figure 1d); 5, the vessel was not recognisable (Figure 1e).
Grades 1–3 were considered sufficient for diagnosis. A
coronary artery injury was diagnosed according to the
following criteria [20–22]: coronary artery stenosis was
defined as lumen narrowing $50%; an internal lumen
diameter of a coronary artery segment enlarged to ,1.5
times that of an adjacent normal segment was defined as
a dilation; and an internal lumen diameter of a coronary
artery segment larger than normal for age (normal
coronary artery diameter ranges from 1 to 2 mm in
newborns and infants) or enlarged to $1.5 times that of
an adjacent normal segment was diagnosed as an
aneurysm. When a coronary artery was larger than
normal and without a segmental aneurysm, the vessel
was considered ectatic.
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The number, location and size of the detected coronary
artery lesions and the presence or absence of intralu-
minal thrombosis and calcifications identified with
DSCTCA or TTE was noted.

Echocardiography

TTE was performed by one echocardiographer with
more than 10 years of experience in three-dimensional
echo diagnostic imaging with a SONOSH 7500 ultrasound
machine (SONOS 7500 Dimension, Philips Medical
Systems, Bothell, WA) or a VIVIDH 7 ultrasound machine
(VIVID 7 Dimension, GE Healthcare, Waukesha, WI).

Radiation dose estimations of CT coronary
angiography

The parameters relevant to radiation dose were
obtained from the scan protocol generated by the CT
system after each DSCTCA study. The parameters
included scan length, CT volume dose index (CTDIvol;
mGy) and dose–length product (DLP; mGy ? cm). The

effective dose (mSv) from DSCTCA was derived by
multiplying the DLP by a conversion factor of 2.5 (this
was recommended by the manufacturer for paediatric
examinations at 80 kV) to compensate for the adult-
specific 32-cm phantom-based DLP value [23]. Then the
DLP value was multiplied by the relevant conversion
coefficient (k) for the chest of children: 0.039 mSv
(mGy ? cm)21 for children younger than 4 months old,
0.026 mSv (mGy ? cm)21 for children between 4 months
and 1 year old and 0.018 mSv (mGy ? cm)21 for children
between 1 and 6 years old [14–17, 24, 25].

Statistical analysis

Statistical analysis was performed using an SPSS
software package (SPSS for Windows, v. 17.0; Chicago,
IL) and MedCalc software package (MedCalc for
Windows, v. 11.0.0.0, MedCalc software, Mariakerke,
Belgium). Continuous variables were expressed as the
mean¡standard deviation and categorical variables as
frequencies or percentages.

Interobserver agreement in subjective image quality
grading and CT measurements was assessed by Cohen’s

(a) (b) (c)

(d) (e)

Figure 1. Maximum intensity projection images of the right coronary artery (RCA) in five different patients show the image
quality score. (a) Score 1, no motion artefact was found in the whole RCA. (b) Score 2, minimal motion artefact was found in the
RCA, middle segment (RCA2) (arrow). (c) Score 3, two stair-step artefacts were found in RCA2 (arrows). (d) Score 4, severe
artefacts were found in the RCA, distal segment (RCA3) (arrow), and the assessment of RCA3 was limited. (e) Score 5, RCA2
cannot be identified because of marked motion artefact (arrow), but RCA3 was well delineated, so the image quality of RCA3
was rated as score 1.
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k-test [26], and k-values of 0.61–0.80 corresponded to
good agreement whereas values between 0.81 and 1.00
corresponded to excellent agreement. Bland–Altman
analysis was used to evaluate the agreement on
measurements (diameter and length of aneurysms)
between DSCTCA and TTE. In Bland–Altman analysis,
the mean values of the two examinations (x-axis) were
plotted against the difference between the examinations
(y-axis). A p-value ,0.05 was considered statistically
significant.

Results

All prospective ECG-triggered DSCTCA and TTE
examinations were performed without technical pro-
blems, and the image quality was sufficient for data
analysis in all cases; 15 patients were diagnosed with
coronary artery lesions due to KD by both DSCTCA and
TTE.

Dual-source CT coronary artery findings

A total of 21 aneurysms (Figure 2), 7 dilations and 11
arterial ectasias were detected by DSCTCA. Thrombosis
was found in three aneurysms (Figure 3a) and three
ectasias; calcification and stenosis were not detected by

either DSCTCA or TTE. A total of 15 cases were classified
as risk level IV by DSCTCA.

The interobserver agreement for subjective image
quality was excellent (k50.87). The mean score of both
observers for coronary artery segments was 1.6¡0.7.
Diagnostic image quality was present in 91.5% (226/247)
of the segments; non-diagnostic image quality was found
at LCX3 in 3.2% (8/247) of the segments, at LAD3 in 1.6%
(4/247) of the segments, at RCA3 in 0.08% (2/247) of the
segments, at PDA in 0.04% (1/247) of the segments, at D
in 1.2% (3/247) of the segments, at OMB in 0.08% (2/247)
of the segments and at RCA2 in 0.04% (1/247) of the
segments. 14 segments were graded as non-diagnostic
owing to motion artefacts and 7 segments were graded
as non-diagnostic because of lower CT attenuation.

The CT measurements showed excellent interobserver
agreement (diameter, k50.89; length, k50.87).

Echocardiography findings

A total of 14 aneurysms, 5 dilations and 11 arterial
ectasias were found by TTE. Thrombosis was found in
three aneurysms (Figure 3b) and three ectasias. 13 out of
15 patients were classified as risk level IV, and 2 of them
were classified as risk level III by TTE.

(a) (b) (c)

Figure 2. (a) Thin maximum intensity projection image showing the giant aneurysm in the left anterior descending artery,
proximal segment (LAD1)+middle segment (LAD2). (b) The vertical section of the maximum aneurysm in the LAD artery showed
that the maximum diameter of the aneurysm in the LAD artery is 1.23 cm. (c) Volume rendering image showing the cluster-like
aneurysms in the right coronary artery and left circumflex artery, and the giant aneurysm in LAD1+LAD2.

(a) (b)

Figure 3. (a) Maximum intensity
projection image showing an aneur-
ysm in the left anterior descending
artery, proximal segment (LAD1),
and a thrombus (arrow) is shown
within the lumen of LAD1. (b)
Parasternal short-axis view at the
level of the aortic root (AO) demon-
strates an aneurysm in LAD1 almost
filled with thrombus (arrow).
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TTE failed to detect seven aneurysms, with 2/7 in
RCA3 (Figure 4, case 2), 1/7 in PDA, 1/7 in LAD2, 1/7 in
LCX2, 1/7 in LCX3 and 1/7 in OMB. Two arterial
dilations were also missed by TTE, one located in RCA2
(Figure 4) and one located in LCX2 (Figure 5).

Assessment of agreement between dual-source CT
coronary angiography and transthoracic
echocardiography

For all 14 aneurysms, 5 dilations and 11 ectasias
detected by both DSCTCA and TTE, the described
location and size were consistent with each other. The
mean aneurysm diameter with DSCTCA was
0.76¡0.36 cm, and with TTE 0.76¡0.39 cm. Comparison
of the mean diameters between DSCTCA and TTE
yielded a bias of 2.4%, a lower limit of agreement of
229.3% and an upper limit of agreement of 34.1%. The

Bland–Altman plot is shown in Figure 6a. The mean
aneurysm length with DSCTCA was 2.06¡1.35 cm, and
with TTE 2.00¡1.22 cm. Comparison of the mean lengths
between DSCTCA and TTE yielded a bias of 22.0%, a
lower limit of agreement of 225.1% and an upper limit of
agreement of 21.2%. The Bland–Altman plot is shown in
Figure 6b. The Bland–Altman plot for agreement
between DSCTCA and TTE showed good agreement in
the diameter and length measurements.

Radiation dose estimates

The conversion coefficients (k) for the chests of the
children were age dependent; thus, the radiation dose
was estimated for three age groups (Table 1). The mean
CTDIvol, DLP and effective dose of all 19 patients were
0.89¡0.33 mGy, 6.32¡2.33 mGy ? cm and 0.36¡0.06 mSv
(range 0.26–0.50 mSv), respectively.

Figure 4. Thin maximum intensity projection images show-
ing the circumscribed dilations in the right coronary artery
(RCA), middle segment (RCA2), and a circumscribed aneur-
ysm in the RCA, distal segment (RCA3); the aneurysm in the
RCA2 was not detected by transthoracic echocardiography.

Figure 5. Thin maximum intensity projection images show-
ing the circumscribed dilations in the left circumflex artery,
middle segment (LCX2), which were not detected by
transthoracic echocardiography.

(a) (b)

Figure 6. (a) Bland–Altman plot to show agreement between dual-source CT coronary angiography (DSCTCA) and transthoracic
echocardiography (TTE) for measuring aneurysm diameter. (b) Bland–Altman plot to show agreement between DSCTCA and TTE
for measuring aneurysm length.
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Discussion

Our study demonstrates the clinical feasibility of
prospective ECG-triggered DSCTCA in children with
coronary artery aneurysms due to KD. The location and
size of coronary artery aneurysms described by DSCTCA
were almost the same as those described by TTE,
whereas DSCTCA showed more aneurysms in the distal
coronary segments than TTE. Moreover, the effective
radiation dose of our study was 0.36¡0.06 mSv.

KD is the most common cause of acquired heart
disease in children [27]. Treatment with intravenous
immunoglobulin at the onset of KD reduces the
incidence of coronary lesions [28]. However, coronary
artery aneurysms may rupture, thrombose, stenose or
cause myocardial ischaemia if there is treatment failure
or delay, so it is important to make an accurate diagnosis
in the early stages of the disease. Slow blood flow in the
dilated coronary artery may be a causative factor for
thrombosis; evaluation of the precise size of aneurysms
and confirmation of the presence of thrombosis play an
important role in further treatment [29].

According to the recommendations of the American
Heart Association [1, 8, 30], the long-term management
of individual patients with KD is best considered by the
risk stratification based upon their coronary artery
involvement. The risk level of an isolated aneurysm in
one coronary artery is different from that of multiple
aneurysms in one coronary artery, and a previous study
reported that 14% of the coronary aneurysms were
located in the distal portion [31]; in our study, 2 out of 15
patients were assigned to a different risk level by CT
angiography because of distal lesions. So it is important
to carry out a thorough assessment of the whole coronary
artery, including the distal coronary artery. TTE is the
main imaging modality in children to evaluate proximal
coronary artery disease and direction of flow [32, 33].
However, visualisation of the distal coronary artery
segments using TTE is limited owing to deterioration of
the acoustic window [20, 33, 34].

X-ray coronary angiography (XCA) is considered to be
the gold standard for diagnosis and follow-up of
coronary artery disease. However, because of the higher
radiation dose, invasiveness, higher contrast material
dose, the need for hospitalisation and potential compli-
cations (haematomas, dissections, vascular rupture,
arrhythmias and death) [35, 36] the diagnostic role of
XCA has largely been replaced by other advanced non-
invasive imaging tools [33, 37]. MR angiography (MRA)
has shown promise for visualisation of coronary arteries
in children [33]. However, these approaches are time-
consuming and general anaesthesia is needed [38].
Moreover, a low heart rate (ideally ,100 bpm) and a
regular heart beat interval are needed. In our study, the
mean heart rate was 112 bpm, at which it is hard to
acquire diagnostic images using MRA [33, 38].

With the development of CT technology, especially the
application of DSCTCA with improved isotropic spatial
(0.4 mm) and temporal (83 ms) resolution, cardiac CT
examinations in children with thin coronary arteries
(1 mm) and high heart rate are feasible [39, 40]. The
findings were confirmed by both retrospective and
prospective ECG-triggered CT angiography in children
and infants with coronary artery deformities [2, 5, 7, 9,
12, 15–17, 20, 41]. A prospective ECG-triggered protocol
was supposed to be as good as that of XCA [15, 16, 41].
However, ionising radiation is the inherent drawback of
a CT scan. Children are much more radiosensitive than
adults. A 1-year-old infant is 10–15 times as likely as a
50-year-old adult to develop a malignancy (leukaemia
and solid cancers) from the same dose of radiation [42–
44]. In addition, the effective radiation doses received by
children are about 50% higher than those received by
adults owing to their smaller body size and related
attenuation [45]. Children also have a longer lifetime risk
for developing radiation-induced cancers [46]. So mini-
mising doses for paediatric CT examination is the
ultimate goal. With an ECG-gated scan protocol, the
coronary artery lesions can be depicted clearly with the
fewest cardiac motion artefacts. A prospective ECG-
triggered protocol, using the step-and-shoot technique,
acquires data only at predefined time intervals during a
preset phase of the cardiac cycle, and allows for
significant dose reduction of up to 80% for complete
examination of the coronary arteries with imaging
quality comparable to retrospective techniques [16].
Low tube potential (80 kV) and a body-size-adapted CT
protocol were used to lower the radiation exposure as far
as possible in our study. In our study, the mean effective
dose of all 19 cases was 0.36¡0.06 mSv (1 mSv is
equivalent to the dose delivered by natural radiation
over a 6-month period [14]).

Limitations

There are some limitations in the present study. First, a
relatively small group of children with coronary artery
disease due to KD was included; a further study with
large samples is required. Second, information regarding
myocardial ischaemia in children with coronary artery
lesions due to KD should be evaluated in a further study.
Third, XCA was not available in our study because the
patients’ guardians refused permission for invasive and
risky examinations. So it was not feasible to evaluate the
sensitivity, specificity, and positive and negative pre-
dictive values of DSCTCA in coronary artery lesions due
to KD.

In conclusion, as an alternative diagnostic modality,
prospective ECG-triggered DSCTCA is associated with
excellent image quality and low radiation exposure and

Table 1. Radiation dose of different age groups

Age CTDIvol (mGy) DLP (mGy ? cm) Effective dose (mSv)

Under 4 months 0.49¡0.08 3.33¡0.58 0.32¡0.06
4 months to 1 year 0.77¡0.14 5.33¡0.87 0.35¡0.06
1 to 5 years 1.22¡0.26 8.86¡1.35 0.40¡0.06

CTDIvol, CT volume dose index; DLP, dose–length product.
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has been proved useful for diagnosing infants and
children with coronary artery aneurysms due to KD.
Although far more coronary artery lesions were visua-
lised by DSCTCA, this needs to be verified by XCA or a
follow-up study.
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