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Abstract

Coronary artery abnormalities are the most important complications in children
with Kawasaki disease (KD). Two-dimensional transthoracic echocardiography
currently is the standard of care for initial evaluation and follow-up of children
with KD. However, it has inherent limitations with regard to evaluation of mid
and distal coronary arteries and, left circumflex artery and the poor acoustic
window in older children often makes evaluation difficult in this age group.
Catheter angiography (CA) is invasive, has high radiation exposure and fails to
demonstrate abnormalities beyond lumen. The limitations of echocardiography
and CA necessitate the use of an imaging modality that overcomes these pro-
blems. In recent years advances in computed tomography technology have
enabled explicit evaluation of coronary arteries along their entire course including
major branches with optimal and acceptable radiation exposure in children.
Computed tomography coronary angiography (CTCA) can be performed during
acute as well as convalescent phases of KD. It is likely that CTCA may soon be
considered the reference standard imaging modality for evaluation of coronary
arteries in children with KD.

Key Words: Coronary artery abnormalities; Computed tomography coronary angiography;
2D-echocardiography; Kawasaki disease; Imaging modality; Acquired heart disease
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Core Tip: In recent years advances in computed tomography technology have enabled explicit evaluation
of coronary arteries along their entire course including major branches with optimal and acceptable
radiation exposure in children. Computed tomography coronary angiography (CTCA) can be performed
during acute as well as convalescent phases of Kawasaki disease (KD). It is likely that CTCA may soon be
considered the gold standard imaging modality for evaluation of coronary arteries in children with KD.

Citation: Singhal M, Pilania RK, Gupta P, Johnson N, Singh S. Emerging role of computed tomography coronary
angiography in evaluation of children with Kawasaki disease. World J Clin Pediatr 2023; 12(3): 97-106

URL: https://www.wjgnet.com/2219-2808/full/v12/i3/97.htm

DOI: https://dx.doi.org/10.5409/wjcp.v12.i3.97

INTRODUCTION

Kawasaki disease (KD) is the most common vasculitis in children with a special predilection for
coronary arteries. Coronary artery abnormalities (CAAs) are usually proportional to the extent of
inflammation and without appropriate treatment, up to a quarter of patients with KD can develop
CAAs. With early diagnosis and prompt institution of therapy, the incidence of CAAs is less than 5%,
however there may be non-responsiveness to standard intravenous immunoglobulin therapy posing
risk of developing severe CAAs[1-3]. CAAs can be assessed by several imaging techniques. 2D-echocar-
diography is the preferred imaging modality for coronary arteries evaluation both during the acute
phase as well as during convalescence[4]. However, there has been increasing interest about other
evolving modalities that can address the limitations of echocardiography[4,5]. In this context, we have
discussed the role of computed tomography coronary angiography (CTCA) for detection of CAAs in KD
and compared its performance with other available modalities. Current guidelines on use of CTCA have
also been discussed along with the proposed use of CTCA in management of children with KD.

CORONARY ARTERY ABNORMALITIES IN KD AND NEED OF IMAGING

Coronary artery abnormalities (CAA) are the dreaded complications of KD requiring prompt and
accurate diagnosis. In the acute phase of illness, typical CAAs include dilatation and aneurysm
formation. These may resolve, remodel or persist during convalescence or may be complicated by
thrombosis and steno-occlusive lesions mandating long term surveillance[6-10]. Concerns have also
been raised that KD may act as a risk factor for premature atherosclerosis[11]. Precise imaging is
required for assessment of these complications.

2D-echocardiography is the standard imaging modality for coronary arteries at presentation and
during follow-up[12]. However, it has several limitations and these preclude its use in certain circum-
stances[12,13].

Other imaging techniques that have been used for coronary artery evaluation include catheter
angiography (CA), CTCA and magnetic resonance coronary angiography (MRCA).

CA is an invasive procedure with uncontrolled radiation exposure[12], whereas MR angiography is
technically difficult and very few centers have requisite expertise[4]. With the availability of modern CT
scanners there is increasing interest in CTCA as an imaging modality of KD. It is non-invasive, has
optimized sub-millisievert radiation exposure and has the potential to address all the limitations of CA
and echocardiography[14-19]. Moreover CTCA has an ability to detect the earliest changes of athero-
sclerosis[20,21]. In this scenario CTCA seems promising and its incorporation into the management
algorithm of KD should be considered. In this review we have discussed the emerging role of CTCA in
evaluation of children with KD for detection of CAAs.

CTCA IN KD: NEEDS AND CHALLENGES

Transthoracic echocardiography is the presently standard of care for KD. However, it has several
limitations. CA is invasive, has significant radiation exposure and cannot be repeated frequently.

After the advent of 64-Slice CT platforms, CTCA has become feasible. Radiation associated with
CTCA is the biggest challenge as such radiation exposure has been linked to malignancies in children
[22,23]. The older platforms also had sub-optimal image quality due to inherent high heart rates in
children[14,24]. In recent years, however, CT technology has undergone a remarkable progress enabling
the radiologist to acquire high resolution coronary artery images with acceptable radiation exposure
and at any heart rate. This was possible due to higher slice CT (128, 256 and 320 slice) platforms and

WJCP | https://www.wjgnet.com 98 June9,2023 | Volume12 | Issue3 |


https://www.wjgnet.com/2219-2808/full/v12/i3/97.htm
https://dx.doi.org/10.5409/wjcp.v12.i3.97

Jaishideng®

Singhal M et al. CT coronary angiography in Kawasaki disease

dual source (DS) CT scanners[14-18]. DSCT has superior diagnostic performance as compared to single-
source CT in the evaluation of coronary arteries and this gives an advantage of scanning in children
who otherwise have inherent high heart rates and obviates the need of large doses of beta-blockers[17,
18].

As a result, CTCA is now being increasingly used for evaluation of children with KD and CAAs. It
provides information about coronary arteries and the major branches with exquisite details of luminal
caliber and intramural changes. Moreover, it can be repeated on follow-up as it is non-invasive. CTCA is
especially useful in older children and adolescents who often have a poor acoustic window for echocar-
diography.

CTCA: CALCIUM SCORING AND LUMINOGRAPHY

CT calcium scoring is a technique that identifies calcium deposition in coronary arteries without the
need of intravenous contrast (Figure 1). Calcium deposition in coronary arteries is a strong predictor of
previous coronary artery involvement in patients with KD. Kahn et al[21] reported coronary artery
calcium scoring using a low radiation dose CT protocol on 70 patients with KD at median of 14.8 years’
follow-up and showed that coronary calcification was not present in patients with KD and normal
coronaries during acute phase of disease. Ten out of 14 subjects with CAAs in acute phase had coronary
calcification. A subsequent study from the same group of investigators affirmed that calcium deposition
was not seen in patients with KD who did not develop CAAs during acute phase of disease[25]. The
authors have shown that calcium scoring by CT is also a useful tool for identification of unidentified
CAAs in patients with remote history of KD. It was also noted that sensitivity and specificity of calcium
scoring to identify presence of CAAs is highest when scans were performed after more than 10 years of
follow-up. Whether the degree of calcification has prognostic value in patients with KD is still
conjectural. Zero calcium score in patients with remote history of KD is reassuring if performed at least
10 years after the initial illness.

Angiography or luminography is acquisition of data after injection of intra-venous contract for
evaluation of CAA. Acquisition of data should preferably be done with low radiation protocols and
following strategies should be employed to reduce the radiation exposure:

Lower kilovoltage (kVp) for acquisition: kVp below 80 is appropriate - this reduces radiation
exposure up to 70%[26-28].

Prospective ECG triggering: In this technique data acquisition is regulated by ECG signal and the X-
ray tube current is either switched off or markedly lowered according to phase of R-R interval. This
allows reduction of radiation exposure up to 90% as compared to retrospective ECG-gating, where X-
ray exposure is given continuously[29-31]. Duan et al[17] and Kim et al[32] reported mean effective dose
of 0.36 £ 0.06 mSv and 0.6 £ 0.5 mSv respectively on DSCT. Even in our experience the radiation had
always been below 1 mSv[18].

(ECG)-controlled tube current modulation: With this technology up to 50% reduction in radiation
exposure is achievable[32,33].

High pitch: Pitch in CT refers to area coverage with overlap and has inverse relationship with
radiation exposure. With DSCT higher pitch (up to 3.4) there is further reduction in radiation exposure
[34-36].

Iterative image reconstruction method: This is a newer development that allows to reconstruct data
post-acquisition with high resolution images even at low radiation parameters (lower kilovoltage and
tube current values)[36,37].

Using the dose saving strategies discussed above, radiation exposure can be brought down
significantly below 1 mSv level[18,36].

CTCA: STRENGTH AND ADVANTAGES

CTCA with the current technologies of radiation optimization and fast scanning has capability to image
the entire course of all coronary arteries especially left circumflex coronary artery which is difficult to
evaluate on 2D-echocardiography (Figure 2). CTCA also allows to detect CAAs in middle and distal
segments of coronary arteries[38]. These are usually missed on echocardiography (Figure 3). It also
precisely identifies location and morphology of aneurysms (Figure 4) and thrombo-occlusive lesions
(Figures 5 and 6). Mural abnormalities (calcifications, plaque, and adherent thrombus to luminal wall)
are also well characterized on CTCA (Figures 1, 5 and 6).

LIMITATIONS OF CTCA

CTCA has few limitations as it may not be available at all the centers, need of sedation in infants and
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Figure 1 Computed tomography derived calcium score and role of angiography in convalescent phase of Kawasaki disease. A: Computed
tomography (CT) derived calcium scoring in a 19 years male patient on follow-up with history of Kawasaki disease in childhood shows a thickly calcified lesion in the
proximal course of left anterior descending coronary artery (color marked as yellow with an arrow (calcium score was 910); B: Subsequent CT coronary angiographic
curved reformatted image shows calcified aneurysm (arrow). LAD: Left anterior descending.

DOI: 10.5409/wjcp.v12.i3.97 Copyright ©The Author(s) 2023.

Figure 2 Computed tomography coronary angiography images showing its strength to evaluate coronary artery abnormalities in left
circumflex artery. A: 3 years male child at presentation shows fusiform aneurysm at bifurcation of left main coronary artery [left main coronary artery (LMCA)- thick
arrows in A and B] with extension into osteo-proximal segment of left anterior descending (LAD). Note a skip fusiform aneurysm in proximal LAD (thin arrow in b). C:
Proximal and mid segments of left circumflex (LCX) are dilated (arrow heads in C). Echo demonstrated LMCA and LAD aneurysms however cannot evaluate LCX
due to its orientation and course.

young children, portability and radiation exposure. However, these are minor considering the
advantages derived and moreover advanced CT scanners with radiation optimization are now finding
space in large centers. Sedation if so, needed in infants and young children is of short duration and
general anesthesia is not required in our experience[38-40].

CTCA: COMPARISON WITH OTHER IMAGING MODALITIES
2D-echocardiography

It is known that CAAs in patients with KD can involve all segments of main coronary arteries. 2D-
echocardiography remains the imaging modality of choice of evaluation of CAAs in patients with KD
because of its inherent advantages - it is easily available, is inexpensive and can be repeated as often as
required. However, it has only a limited role in evaluation of middle and distal coronary arteries and
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Figure 3 Computed tomography coronary angiography images showing its ability to evaluate mid and distal segments of coronary
arteries. Computed tomography coronary angiography (A and B: Volume rendered images; C: Curved reformatted image of RCA) of 4 years male at presentation
demonstrate skip fusiform aneurysms in RCA (Thin arrows in A and C) and fusiform aneurysms in proximal LAD (thick arrow in B) and proximal left circumflex (arrow
head in B). Fusiform aneurysm in mid and distal RCA could not be visualized on transthoracic echocardiography.

DOI: 10.5409/wjcp.v12.i3.97 Copyright ©The Author(s) 2023.

Figure 4 Panel of computed tomography coronary angiography images showing its ability to precisely identify location and morphology
of aneurysms with extension into side branches. Computed tomography coronary angiography (A: Volume rendered image; B: Curved reformatted image
and C-axial image) of 4 years female child in acute phase (presentation) demonstrate giant saccular aneurysm in proximal resonance coronary angiography (asterisk
in A and B). Fusiform aneurysm is seen in proximal left anterior descending (thick arrow in A) with extension into diagonal-1 branch (thin arrow in A).

the left circumflex coronary artery[41]. CTCA provides an ideal method for evaluation of all segments of
coronary arteries[38,42-45]. Several investigators have reported a good correlation between echocardio-
graphy and CTCA for the size of the aneurysms.

MRCA

It is still under evaluation for assessment of CAAs in children with KD. MRCA has lower spatial
(related to image accuracy that measure fineness of image) and temporal (scanning speed) resolution
and poorer image quality compared to CTCA[46,47]. Moreover, MRCA takes long scan time and often
requires sedation in young children[32]. Steno-occlusive lesions are better delineated on CTCA
compared to MRCA[32]. MRCA, however, is better for evaluation of coronary arteries with heavy intra-
mural calcifications (leading to blooming artefact on CT), assessment of myocardial perfusion and
viability, and serial follow-up of thrombotic aneurysms[48].

CA

It is the gold standard for evaluation of coronary artery lumen, but is of limited value for assessment of
mural abnormalities (thickening, plaque and calcifications) and intramural thrombi. Moreover, it is an
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Figure 5 Computed tomography coronary angiography images depicting complications in coronary artery abnormalities (thrombus).
Computed tomography coronary angiography [(A: Volume rendered image; B: Axial image in plane of left anterior descending (LAD)] during follow up at shows a
giant fusiform aneurysm in mid segment of LAD (thick arrow in A) with a hypodense plaque like tissue attached to the anterior wall (B) suggestive of thrombus. Child
was having chest pain and ECHO at presentation and during the current episode was reported as normal; ECHO fails to elicit coronary artery abnormalities and its
complication of thrombus in the aneurysm.

JBaishideng®

invasive procedure with inordinate radiation exposure. CTCA with CA has been shown to have
excellent agreement for measurement of size of aneurysms[49].

CTCA: WHEN TO ADVICE?

Current guidelines and the way forward

The American Heart Association Guidelines 2017 have recommended use of CTCA in following circum-
stances during follow-up when 2D-echocardiography becomes limiting[50]: (1) Due to poor acoustic
window in older children; (2) Poor sensitivity to detect complications like thrombosis, stenosis; (3)
Inability to detect distal abnormalities; and (4) For detection of mural abnormalities or calcification;
However, based on our clinical experience over 25 years we suggest that CTCA may be considered
under the following circumstances: As a baseline additional investigation in acute phase in children
having significant CAAs on 2D-echocardiography for confirmation of echocardiography findings,
detection of distal CAAs and for follow-up[38]. When the initial 2D-echocardiography examination in
acute phase is equivocal or sub-optimal, Apparently normal 2D-echocardiography examination in acute
phase with a stormy clinical course, On follow-up assessment of CAAs to document resolution or
complications (e.g., thrombosis, stenosis), Long term surveillance for detection of mural abnormalities
and dystrophic calcifications. At the present time there is no consensus amongst experts on the timing
and frequency of carrying out CTCA during follow up of children with KD.

Recent advances in CTCA in KD

Cardiac single-photon emission computed tomography (SPECT) and CT hybrid imaging has been
recently described for accurate demonstration of ischemic regions of the myocardium. Abe et al[51] have
performed SPECT/CT in 17 patients with KD in chronic phase of disease and showed that this fusion
imaging was capable of accurately evaluating myocardial ischemia/infarction as cardiovascular
sequelae of KD and delineating the affected coronary arteries.

CONCLUSION

State of the art CT platforms now allow CTCA with high resolution images at sub-millisievert radiation
exposure. CTCA has the ability to detect CAAs along the entire course of coronary arteries and
delineates mural abnormalities, which otherwise are missed on current standard of care 2D-echocardio-
graphy. CTCA can be performed during acute as well as convalescent phases of KD. It is likely that
CTCA may soon be considered the imaging modality of choice for evaluation of coronary arteries in
children with KD and multi-centric studies focused on use of CTCA is desirable to formulate guidelines.
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Figure 6 Computed tomography coronary angiography images showing its role in follow-up imaging and its role in assessment of
compications. Computed tomography coronary angiography (CTCA) at presentation in 1 year male (top row A-C) shows a giant complex aneurysm in mid
segment of left anterior descending (LAD) (thick arrow in A and B) with multiple segmental aneurysms along the entire course of resonance coronary angiography
(RCA). Follow-up CTCA after 3 years of presentation shows remodelling of LAD aneurysm (now becomes fusiform with mural calcification and severe stenosis its
distal aspect (thick arrows D-F), also note resolution of aneurysmal dilatations of RCA (lower row D-F).
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