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Summary
Background Transthoracic echocardiography (TTE) has traditionally been the primary method for coronary imaging in
children with Kawasaki disease (KD). We aimed to evaluate coronary artery lesions (CALs) of the left circumflex artery
(LCx) in KD on computed tomography coronary angiography (CTCA).

Methods Over a 9-year period (November 2013–December 2022), 225 children with KD underwent radiation-
optimized CTCA on a 128-slice dual-source platform. TTE was performed on the same day, or a day prior or after
CTCA.

Findings On CTCA, LCx CALs were seen in 41/225 (18.2%) patients. However, TTE detected CALs in only one third of
these patients [15/41 (36.6%)]. CTCA showed 47 LCx CALs in 41 patients–aneurysms in 39 patients (40 fusiform, 2
saccular; 7 giant aneurysms), stenoses in 3, and thrombosis in 2. Thromboses and stenoses were both missed on
TTE. Proximal LCx aneurysms were seen in 39 patients–of these, 12 had distal extension. Six patients had distal LCx
aneurysms without proximal involvement and 2 non-contiguous multiple aneurysms. Four (9.75%) patients had
isolated LCx involvement. Based on CTCA findings, treatment protocols had to be modified in 3/41 (7.3%) patients.

Interpretation This study highlights anatomical findings of LCx involvement in KD. Isolated LCx CALs were noted in
4/41 (9.75%) patients. TTE alone proved inadequate for LCx assessment in children with KD. With abnormalities
detected in 18.2% of cases, including those missed by TTE, CTCA emerges as an essential imaging modality. The
findings have implications for treatment planning and follow-up strategies in children with KD.
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Introduction
Kawasaki disease (KD) is a common childhood vasculitis
that preferentially affects coronary arteries. KD cases are
being reported worldwide.1 The three countries that
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Research in context

Evidence before this study
Kawasaki Disease (KD) primarily affects young children and
can lead to coronary artery lesions (CALs) in 15–25% of cases
due to diagnostic and treatment delays. A PubMed search on
CALs in KD shows that the existing literature has mainly
focused on involvement of left main, left anterior descending,
and right coronary arteries. Information about involvement of
left circumflex coronary artery (LCx) remains limited. Two-
dimensional transthoracic echocardiography (TTE) has
hitherto been considered to be the preferred imaging
modality for the evaluation of CALs at presentation, and on
follow-up. However, assessment of the left circumflex (LCx)
coronary artery is difficult on TTE due to its anatomy and
limited accessibility to an appropriate acoustic window. Due
to these reasons, normative data for LCx have also not been
given in most published nomograms on Z-scores of coronary
arteries.

Added value of this study
This is the first study focusing on the involvement of LCx in
children with KD. As transthoracic echocardiography (TTE)

alone is inadequate for the evaluation of LCx, computed
tomography coronary angiography (CTCA) should be
considered an essential imaging modality in KD. We present a
CTCA series on LCx involvement in KD highlighting novel
anatomical findings. LCx CALs were detected on CTCA in 41/
225 (18.2%) cases. TTE detected LCx CALs in only 15 of these
41 patients. CTCA emerges as an essential imaging modality
for LCx evaluation. Based on CTCA findings, treatment
protocols had to be modified in 3/41 (7.3%) patients.

Implications of all the available evidence
Coronary artery lesions (CALs) in LCx are seen in 18.2% of
children with KD on CTCA. TTE alone is inadequate for the
evaluation of LCx in children with KD. CTCA emerges as the
preferred imaging modality for LCx. Based on CTCA findings,
treatment protocols had to be modified in 7.3% patients.
These findings have significant implications for treatment
strategies and follow-up in KD.
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and 69.5, respectively, whereas in the United States and
Europe, the rates range from 5 to 30/100,000 children
under 5.3–5 There are no nationwide data on the inci-
dence of KD in India, but city-specific data from
Chandigarh have been published in 2010 and 2015.6,7

We have reported an increase in KD incidence from
0.51/100,000 in 1994 to 4.54/100,000 in 2008 among
children below 15 years.6 A subsequent study for
2009–2014 reported an incidence of 5.35/100,000 for
children below 5 years.7

Timely detection of coronary artery lesions (CALs) is
important for appropriate treatment planning and
follow-up in KD.8–10 Two-dimensional transthoracic
echocardiography (TTE) has hitherto been considered to
be the preferred imaging modality for the evaluation of
CALs at presentation, and on follow-up. However,
assessment of the left circumflex (LCx) coronary artery
is difficult on TTE due to its anatomy and limited
accessibility to an appropriate acoustic window.11,12 Due
to these reasons, normative data for LCx have also not
been given in most published nomograms on Z-scores
of coronary arteries.8,13,14 There is a paucity of published
work focusing on the involvement of LCx in KD.11,12,15,16

Invasive coronary angiography (ICA) is considered to
be the standard of reference for the diagnosis of coro-
nary lesions. Still, its application in children is limited
due to its invasive nature and inordinate radiation
exposure.17 There have been several recent advances in
computed tomography (CT) technologies.12,18 These have
led to CT coronary angiography (CTCA) being increas-
ingly used for coronary artery assessment in KD.12,19 We,
and others, have shown that it is now possible to carry
out CTCA in this condition at sub-millisievert radiation
exposure.12,20,21 In this study, we evaluated the involve-
ment of LCx in KD using radiation-optimized CTCA.
Methods
Our centre is a tertiary care teaching hospital in North
India. It is a federally funded, not-for-profit institute.
Our unit has more than 29 years of experience in
managing children with KD. We follow the largest sin-
gle centre cohort of KD in India. During the period
January 1994–December 2022, 1230 patients have been
diagnosed to have KD at our centre. We started using
CTCA as a diagnostic imaging modality in KD in
October 2013, and have so far carried out this investi-
gation in 225 patients with KD.

Diagnosis of KD was based on guidelines given by
the American Heart Association (AHA).8,22,23 Treatment
for children with KD consisted of intravenous immu-
noglobulin (IVIg; 2 g/kg) along with aspirin (initially in
high doses, and later in anti-platelet [3–5 mg/kg/day]
doses).8,22,23 Children with IVIg resistant KD, and those
with CALs at presentation, were also given adjunctive
therapies (second dose IVIg; steroids; infliximab;
cyclosporine). Children with KD having large coronary
aneurysms were also put on anticoagulation (heparin;
warfarin).

Data on patients with KD who presented to our
centre and underwent both TTE and CTCA, were ana-
lysed. CTCA was carried out in patients with KD who
had (i) CALs on TTE at presentation (ii) IVIg resistance
(iii) presentation in infancy (iv) myocarditis (v)
www.thelancet.com Vol 29 October, 2024
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macrophage activation syndrome or, (vi) KD shock
syndrome. Patients underwent CTCA either at presen-
tation, or on follow-up. Those with involvement of LCx
coronary artery were analysed in detail. Corresponding
findings on TTE were retrieved from patient records.

The study protocol was approved by the Institute
Ethics Committee (IEC No. NK/1837/Res/2890).
Informed consent was obtained from the parents prior
to the procedure. The manuscript has been approved by
the Departmental Review Board. No funding was
involved in the study.

CTCA
CTCA was performed using a 128-slice dual-source CT
scanner (Somatom Definition Flash, Siemens Healthi-
neers, Erlangen, Germany). Non-ionic contrast agent
(Omnipaque 350, GE Healthcare, Ireland) was adminis-
tered for imaging. To stabilize the heart rate, children
received a single oral dose of metoprolol (2 mg/kg), 1 h
prior to CTCA. Sedation, involving oral triclofos (50 mg/
kg/dose) and/or intravenous midazolam (0.1 mg/kg/
dose), was administered to children below 5 years. CTCA
does not require general anesthesia or breath holding and
can be carried out without sedation in older children.
Efforts were put in to minimize the radiation exposure
using automated tube current modulation (Care Dose 4D,
Siemens Healthineers), lower kilovoltage settings (fixed at
80 kVp), adaptive prospective electrocardiography-gated
sequencing, and iterative image reconstruction algo-
rithms (Safire, Siemens Healthineers). Additionally, ECG-
gated calcium scoring (Agaston score) was performed.
Radiation exposure median dose length product (DLP)
and median radiation exposure was 21.0 mGy cm, IQR
(13, 28), and 0.83 mSv, IQR (0.68, 1.01), respectively.24

Post-processing analysis was carried out on SyngoVia
(Siemens Healthineers) workstation for coronary artery
reconstruction. Interpretation and analysis of all CTCA
scans were carried out by a single experienced cardiac
radiologist (MS). Side branches of coronary arteries were
evaluated when visualized, and CALs, including aneu-
rysms (saccular/fusiform) and dilations, were assessed in
terms of location (proximal/distal), number, and
morphology. An ‘aneurysm’ was defined as a coronary
artery segment with an internal diameter ≥1.5 times that
of an adjacent segment,25,26 while ‘dilation’ referred to an
increase in internal diameter that was less than 1.5 times
that of an adjacent segment.25,26 The presence of luminal
narrowing in coronary arteries was classified as ‘stenosis’.
Furthermore, complications such as intraluminal throm-
bosis (indicated by a hypodense filling defect within the
arterial lumen) and mural calcification were noted.

TTE
Transthoracic echocardiography (TTE) was performed
following standard protocols. TTE was conducted during
the acute stage of illness and during follow-up evalua-
tions for all children. Since 2015, we have an in-house
www.thelancet.com Vol 29 October, 2024
TTE machine for ‘Point of Care Echocardiography’.
TTE during this period was usually carried out by fel-
lows trained in cardiovascular assessment of KD under
the supervision of faculty members in the unit. TTE was
performed on the Esaote machine (MyLab30Gold) prior
to 2019. Since March 2019, TTE has been performed on
Philips EPIQ7G machine (model number US 51881625).
The recorded results of CALs on TTE were compared
with the findings from CTCA scans.

Role of the funding source
There was no funding source for this study.
Results
CTCAwas performed in 225 patients with KD in this study.
Median age at diagnosis ofKDwas3years (range2months–
12 years). LCx involvement was noted in 41 children
(35 boys; 6 girls) — in 30/41, CTCA had been performed
during the acute phase, and in 11/41, CTCAwas performed
in convalescent phase (follow-up at a median interval of
5 years after diagnosis; range: 1–10 years). TTE was able to
detect CALs in LCx in only 15/41 (36.6%) patients.

CTCA showed 47CALs in LCx in 41 patients (Table 1).
Aneurysms (40 fusiform; 2 saccular) were seen in 39
patients; stenoses in 3; thrombosis in 2. One patient had
an aneurysm and a stenosis, while 2 patients had only
stenoses.Details ofCALs in LCxwere as follows (Table 1) -

1. Morphology of LCx aneurysms: 42 aneurysms (40
fusiform; 2 saccular) were identified in the LCx
coronary artery. Of the 2 patients (Patient. Nos. 2
and 6; Table 1) with saccular aneurysms, 1 had
involvement of the distal segment of the obtuse
marginal (OM) branch of LCx resembling a bunch
of grapes appearance (Fig. 1).

2. Location of CALs in LCx: 39 patients had proximal
LCx involvement—of these, 12 also had distal
extension of proximal aneurysm (Fig. 2). Distal LCx
involvement, in absence of proximal involvement,
was seen in 6 patients (Fig. 3 a-c). Two patients had
non-contiguous aneurysms (Fig. 3d). Four patients
also had branch vessel involvement (Fig. 1), while 2
had aneurysms at bifurcation (involvement of OM
branch) of LCx (Fig. 4 a, b).

3. LCx involvement with CALs in other coronary ar-
teries: 37/41 (90.24%) patients had concomitant
involvement of other coronary arteries (LCA in 26,
LAD in 35, and RCA in 29 patients) (Figs. 2–4).

4. Isolated LCx involvement without involvement of
other coronary arteries: Isolated LCx involvement
was seen in 4 patients (Patient Nos. 1, 2, 10, 26;
Table 1)—in 1 amongst these (Patient No. 10;
Table 1), CTCA had been carried out during acute
stage; in the remaining 3, CTCA had been carried
out on follow-up at intervals of 4, 2.5, and 6 years
respectively after the acute episode. Baseline TTE
3
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Patient
No.

Age at diagnosis/
Sex

Interval between
diagnosis and CTCA
(in years)

Transthoracic echocardiography (TTE) findings CT coronary angiography

Findings in left circumflex coronary
artery

Findings in other coronary arteries
(LCA, LAD, RCA)

1. 4 Y/M CTCA carried out on
follow-up at 4 years

Baseline:
LCA: 2.8 (+1.57Z)
LAD: 1.8 (+0.30)
RCA: 1.8 (−0.33)
LCx: NV
Follow-upa: Normal

9.8 mm long segment stenosis
with 30–40% luminal diameter
reduction. Distal LCx normal

Normal

2. 9 Y/F (Fig. 1) CTCA carried out on
follow-up at 2.5 years

Baseline: LCA mild dilation, other coronaries
normal
Follow-upa: Normal

Multiple saccular aneurysms in
distal most OM1 branch give a
bunch of grapes appearance.

Normal

3. 7 months/M (Fig. 2) CTCA carried out at
presentation

LCA: 3.2 mm (+3.7Z)
LAD: 12 mm (thrombosis)
RCA: 3.5 mm (+7Z)
LCx: NV

LCx 7.2 mm fusiform giant
aneurysm starting at proximal
segments extending to the distal
segment

LAD 18 mm (proximal and mid-
segment) giant fusiform aneurysm
along with thrombosis measuring
9 mm. RCA 4.5 mm fusiform
aneurysm. LCA fusiform aneurysm
3 mm.

4. 4Y/M CTCA carried out on
follow-up at 5 years

Baseline:
LCA: 3.2 mm fusiform aneurysm (Z score NA)
LAD: 4.4 mm fusiform aneurysm (Z score NA)
RCA: 2.2 mm
LCx: NV
Follow-upa: LCA 4.2 mm dilated and LAD: 2.5 mm
dilated, LCx: NV

Proximal segment fusiform
aneurysm for 2.6–2.8 cm segment

Fusiform aneurysm in LCA and
LAD

5. 12 Y/M (Fig. 4a) CTCA carried out at
presentation

LAD: 6.8 mm (+9.79Z)
RCA: 6.4 mm (+8.09Z)
LCx: NV

Fusiform aneurysm of proximal LCx
with extension to OM1 branch

Fusiform aneurysm of entire LAD
and RCA

6. 8 months/M (Fig. 7a
and b)

CTCA carried out at
presentation

LCA: 6.0 mm (+12.5Z)
LAD: 6.8 mm (+17.06Z)
RCA: 7 mm (+17.0Z)
LCx: NV

Saccular aneurysm at origin with
non-opacified LCx in further course
suggestive of thrombosis (8 mm)

Distal LCA saccular aneurysm
(8 mm), proximal LAD saccualr
aneurysm (7 mm), proximal RCA
fusiform (6.4 mm) and distal RCA
saccualr aneurysm (2.7 mm)

7. 7.5 months/M CTCA carried out on
follow-up at 10 years

Baseline:
LCA: 3.2 mm fusiform aneurysm (Z score NA)
RCA: 2.2 mm fusiform aneurysm (Z score NA)
LAD: 1.5 mm dilated
LCx: NV
Follow-upa: normal

LCx fusiform aneurysm (4.7 mm;
length 1.4 cm)

Fusiform dilatation in LCA with
extension into LCx. Saccular
aneurysm in RCA

8. 7 months/M CTCA carried out at
presentation

LCA: 5 mm (+10.3Z)
LAD: 4.7 mm (+11.3Z)
RCA: 4.2 mm (+8.5Z)
LCx: 1.7 mm (+1.7Z)

Proximal and mid LCx fusiform
giant aneurysm (3.2 mm)

LCA giant aneurysm (5.2 mm),
proximal and mid LAD fusiform
aneurysm (3.5 mm), proximal RCA
fusiform aneurysm and fusiform
aneurysm (3.5 × 5 mm) at
bifurcation of RCA

9. 2 Y/M CTCA carried out on
follow-up at 8 years

LCA: 3.3 mm (+3.56Z)
LAD: 10 mm (+24.81Z)
RCA: 5.8 mm (+11.75Z)
LCx normal

LCx just beyond its origin fusiform
aneurysm till bifurcation (3.4 mm
and 13 mm length)

LCA dilated, LAD long segment
(2.2 cm) dilatation, and RCA
fusiform aneurysm (4.3 mm). Mid
segment RCA thickly calcified
aneurysm (5.3 mm).

10. 11 months/M
(Fig. 4b)

CTCA carried out at
presentation

LCA: 2.4 mm (+0.77Z)
LAD: 1.7 mm (+0.16Z)
RCA: 1.2 mm (−1.4Z)
LCx 1.6 mm (+0.93Z) with loss of tapering

Fusiform aneurysm of proximal
(4.5 mm) and mid (4.2 mm) and its
OM1 branch involvement (2.4 mm;
length 6–7 mm)

Normal

11. 5 months/M CTCA carried out at
presentation

LCA: 2.3 mm (+2.62Z)
LAD: 2.2 mm (+3.61Z)
RCA: 1.3 mm (+0.19Z)
LCx: NV

Proximal LCx fusiform aneurysmal
dilatation

Proximal and mid LAD dilatation
and fusiform aneurysm in distal
LAD

12. 1.5 Y/F (Fig. 6) CTCA carried out at
presentation

LCA: 5.9 mm (+12.0Z)
LAD: 5.1 mm (+11.9 Z)
RCA: 3.2 mm (+5.0Z)
LCx: 3.4 mm (+6.5Z)

Proximal LCx giant fusiform
aneurysm (5.8 mm)

LCA, LAD and RCA
(14 mm × 1.7 cm) giant
aneurysms

13. 3 Y/M CTCA carried out at
presentation

LCA: 4.7 mm (+6.32Z)
LAD: 5.3 mm (+12.79Z)
RCA: 5.8 mm (+11.6Z)
LCx: 2.3 mm (+3.3Z)

Proximal LCx fusiform giant
aneurysm (4 mm × 25 mm)

Proximal LAD fusiform aneurysm,
proximal RCA giant aneurysm

(Table 1 continues on next page)

Articles

4 www.thelancet.com Vol 29 October, 2024

http://www.thelancet.com


Patient
No.

Age at diagnosis/
Sex

Interval between
diagnosis and CTCA
(in years)

Transthoracic echocardiography (TTE) findings CT coronary angiography

Findings in left circumflex coronary
artery

Findings in other coronary arteries
(LCA, LAD, RCA)

(Continued from previous page)

14. 6 Y/F CTCA carried out on
follow-up at 9 years

Baseline:
LCA: 6 mm (+8.79Z)
LAD: 8 mm (+16.30Z)
RCA: 4 mm (+4.39Z)
LCx: NV
Follow-upa:
LCA: 3 mm (−1.11Z)
LAD: 9.4 mm (+14.31Z) with calcification
RCA: 3.9 mm (+1.28Z)
LCx: NV

Fusiform aneurysm in LCx in its
proximal and mid segment (4 mm)

Distal LCA and proximal segment
LAD shows densely calcified giant
fusiform aneurysm (8.4 mm × 20
mm).
RCA densely calcified fusiform
aneurysm (5.5mm × 17.5 mm) in
RCA in proximal segment and
distal RCA (4.2 mm) aneurysm

15. 4 Y/M (Fig. 3) CTCA carried out at
presentation

LCA: 3 mm (+2.17Z)
LAD: 3.85 mm (+6.13Z)
RCA: NA
LCx: NV

Distal LCx fusiform aneurysm
(3 mm)

LAD fusiform aneurysm (3.5 mm)

16. 10 months/M CTCA carried out at
presentation

LCA: 3.8 mm (+5.83 Z)
LAD: 4.5 mm (+9.70)
RCA: 3.2 mm (+4.71Z)
LCx: 2.5 mm (+3.53)

Proximal Lcx fusiform aneurysm LAD saccular giant aneurysm
(6.5 mm), RCA fusiform aneurysm

17. 9 months/M CTCA carried out on
follow-up at 5 years

Baseline:
LCA: 4.8 mm (+8.9Z)
LAD: NA
RCA: 5 mm (+11.08Z)
LCx: NV
Follow-upa:
LCA: 3.4 (+2.1Z)
LAD: 3.1 mm (+2.9Z)
RCA: 2.9 mm (+1.5Z)
LCx: NV

Proximal and mid LCx fusiform
aneurysm

LCA, LAD and RCA fusiform
aneurysms

18. 4 Y/M CTCA carried out on
follow-up at 1 year

Baseline:
LCA: 7.0 mm (+12.78)
LAD: 5 mm (+9.55)
RCA: 2.2 mm (+0.83)
LCx: NV
Follow-upa:
LCA: 6.7 mm (+11.98)
LAD: 5 mm (+9.55)
RCA: 2.7 mm (+2.10)
LCx: NV

LCx arising from aneurysmal
segment followed marked
narrowing

Distal LCA fusiform aneurysm, LAD
fusiform aneurysm (4.5 mm)

19. 5 Y/M CTCA carried out at
presentation

LCA: 3.5 mm (+2.23 Z)
LAD: 6.8 mm (+16.05Z)
RCA: 5.7 mm (+10.14Z)
LCx: 4.3 mm (+6.43Z)

Proximal fusiform aneurysm
(3.9 mm). Another fusiform
aneurysm in the distal LCx segment
(3.6 mm). Intervening mid-
segment is normal.

LAD and RCA show fusiform
aneurysm in proximal segments
LAD (7.7 mm); RCA (6.0 MM) with
multiple skip aneurysms giving a
beaded appearance.

20. 8 months/M (Fig. 7c
and d)

CTCA carried out at
presentation

LAD: 9.2 mm (+16Z)
RCA: 7 mm (+13Z)
LCx: NV

LCx nonopacified (suggestive of
thrombosis)

Large fusiform aneurysm LAD
(7.0 mm), RCA (5.0 mm) diffusely
dilated in entire course.

21. 11 Y/M CTCA carried out at
presentation

LCA: 5.1 mm (+5.2Z)
LAD: 5.6 mm (8.4Z)
RCA: NA
LCx: NV

Proximal and mid LCx fusiform
giant aneurysm (5.1 mm)

LCA dilated, multiple fusiform
aneurysms throughout RCA and
proximal RCA giant aneurysm

22. 3 Y/M CTCA carried out at
presentation

LCA: 3.2 mm (+2.95Z)
LAD: 3.5 mm (+5.42 Z)
RCA: 2.6 mm (+1.98Z)
LCx: NV

Proximal LCx fusiform aneurysm
(3.6 mm)

Fusiform dilatation of LCA with
extending into proximal LAD

23. 2 Y/M CTCA carried out at
presentation

LCA: (3 mm; +2.74Z)
LAD: (8 mm; +18.96Z)
LCx: NV

Proximal LCx fusiform aneurysm
(3.5 mm)

LCA dilated (3.5 mm), distal LAD
giant fusiform aneurysm
(6.7 mm), and RCA dilatation

(Table 1 continues on next page)
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Patient
No.

Age at diagnosis/
Sex

Interval between
diagnosis and CTCA
(in years)

Transthoracic echocardiography (TTE) findings CT coronary angiography

Findings in left circumflex coronary
artery

Findings in other coronary arteries
(LCA, LAD, RCA)

(Continued from previous page)

24. 5 months/M CTCA carried out on
follow-up at 2 years

Baseline:
LCA: 4 mm (+7.11Z)
LAD: 6.6 mm (+17.11Z)
RCA: 4.6 mm (+10.54Z)
LCx: NV
Follow-upa:
LCA: 3.6 mm (+1.38Z)
LAD: 3.0 mm (+1.68Z)
RCA: 2.1 mm (−1.19Z)
LCx: 2 mm (−0.54Z)

Proximal LCx fusiform aneurysm LCA (3.6 mm), proximal and mid
LAD (3.1 mm) fusiform aneurysm
along with discontinuous fusiform
aneurysm in distal LAD. Normal
RCA.

25. 3 Y/F CTCA carried out at
presentation

LCA: 3.56 mm (+3.85Z)
LAD: 2.5 mm (+2.5Z)
RCA: 4.02 mm (+6.43Z)
LCx: NV

Proximal LCx fusiform aneurysm
(2.7 mm)

Proximal and mid LAD aneurysm
(3.2 mm × 15 mm), RCA (4.4 mm)

26. 1.5 Y/M (Fig. 5) CTCA carried out on
follow-up at 6 years

Baseline:
LCA: 3 mm (+3.49Z)
LAD: 1.4 mm (+0.09)
RCA: 2.2 mm (+1.85Z)
LCx: NV
Follow-upa: Normal

OM1 branch of LCx shows stenosis
causing 30–50% luminal narrowing

Normal

27. 6 Y/M CTCA carried out at
presentation

LCA: 3.1 mm (+4.6Z)
LAD: 6.4 mm (+16.8Z)
RCA: 9.4 mm (+24Z)
LCX: 3.2 mm (+6.4Z)

Proximal LCx fusiform giant
aneurysm (4.1 mm × 10.7 mm)

LCA dilated (3.8 mm), LAD
fusiform aneurysm (6.6 mm
× 16.3 mm), RCA fusiform
aneurysm (prox-8 mm, mid-
5.2 mm, distal −4.2 mm)

28. 3 Y/M CTCA carried out at
presentation

LCA: 5.2 mm (+7.6Z)
LAD: 3.2 mm (+4.1Z)
RCA: 3.7 mm (+4.3Z)
LCx: 2.8 mm (+2.9Z)

Fusiform aneurysm in (2.4 mm) in
entire course of LCx

LCA fusiform aneurysm, LAD
fusiform aneurysm (3.5 mm) and
RCA fusiform aneurysm (2.4 mm)

29. 9 Y/M CTCA carried out at
presentation

LCA: 4.5 mm (+3.87Z)
LAD: 4.3 mm (+5.78Z)
RCA: 4.6 mm (+5.11Z)
LCx: 3 mm (+2.06Z)

Fusiform aneurysm in (3.3 mm) in
entire course of LCx

LCA dilated, LAD dilated (4.2 mm)
and RCA diffusely dilated in entire
course (5.6 mm)

30. 1.9 Y/M CTCA carried out at
presentation

LCA: 3.7 mm (+4.92Z)
LAD: 6.5 mm (+14.96Z)
RCA: 4.3 mm (+7.11Z)
LCx: 4.3 mm (+8.01Z)

Proximal LCx fusiform giant
aneurysm (6.0 mm)

LCA and LAD fusiform giant
aneurysm (8 mm) and RCA
fusiform dilatation (4.6 mm)

31. 10 Y/M CTCA carried out at
presentation

LCA: 4.5 mm (+2.49Z)
LAD: 4.1 mm (+3.49Z)
RCA: 3.8 mm (+1.6Z)
LCX: 3.9 mm (+2.6Z)

Proximal and mid segment
fusiform dilation (2.7 mm)

LCA and LAD diffuse dilated in
entire course (2.7 mm), RCA
dilated proximal and mid segment
(1.8 mm)

32. 1 Y/F CTCA carried out at
presentation

LCA: 4.9 mm (+9.9Z)
LAD: 2.5 mm (+4Z)
RCA: 1.4 mm (+2.7Z)
LCX: 2.0 mm (+2.7Z)

Proximal LCx fusiform aneurysm
(2.0 mm)

LCA saccular aneurysm (6.4 mm),
LAD fusiform aneurysm proximal
segment (3.6 mm)

33. 2 months/F CTCA carried out at
presentation

LCA: 2.9 mm (+5.31Z)
LAD: 3.3 mm (+8.27Z)
RCA: 2.9 mm (+6.1Z)
LCx: 1.9 mm (+3.74Z)

Proximal LCx fusiform aneurysm
(2.4 mm)

LCA dilated (2.5 mm), LAD
fusiform aneurysm (3.8 mm) and
RCA fusiform aneurysm (2.7 mm)

34. 6 Y/M CTCA carried out at
presentation

LCA: 3 mm (+1.3Z)
LAD: 6.6 mm (+12.1Z)
RCA: 6.3 mm (+9.43Z)
LCX: 5.4 mm (+8.1Z)

Proximal LCx fusiform large
aneurysm (4.1 mm)

LAD fusiform aneurysm (6.4 mm)
and RCA discontinuous fusiform
aneurysms RCA (5.1 mm, 6.3 mm.
3.4 mm).

35. 7 months/M CTCA carried out at
presentation

LCA: 3.29 mm (+4.28Z)
LAD: 3.22 mm (+6.59Z)
RCA: 4.9 mm (+11.58Z)
LCx: 1.8 mm (+2.13Z)

Two discontinuous fusiform
aneurysms in mid LCX (2.5 mm,
3.3 mm)

LAD fusiform aneurysm (4.2 mm),
RCA fusiform aneurysms (4.9 mm,
5.8 mm)

(Table 1 continues on next page)
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Patient
No.

Age at diagnosis/
Sex

Interval between
diagnosis and CTCA
(in years)

Transthoracic echocardiography (TTE) findings CT coronary angiography

Findings in left circumflex coronary
artery

Findings in other coronary arteries
(LCA, LAD, RCA)

(Continued from previous page)

36. 3.5 Y/M CTCA carried out on
follow-up at 4.5 years

Baseline:
LCA: 6.5 mm (+11.3Z)
LAD: 2.2 mm (+1.5Z)
RCA: 4 mm (+5.3Z)
LCx: NV
Follow-upa:
LCA: 6.17 mm (+6.71Z)
LAD: 10.3 mm (+18.6Z)
RCA: 2.98 mm (+0.46Z)
LCx: NV

Proximal LCx giant fusiform
aneurysm (8.4 mm)

Fusiform aneurysm in distal LCA
extending in LCx. LAD thrombotic
occlusion beyond its origin, thickly
calcified thrombosed saccular
aneurysm LAD (12.6 mm). RCA
dilated in proximal segment
(2.8 mm) with fusiform
aneurysms in mid and distal RCA
(3.5 mm and 3.2 mm)

37. 6 Y/M CTCA carried out at
presentation

LCA: 4 mm (+3.96Z)
LAD: 4.2 mm (+6Z)
RCA: 5.6 mm (+7.98Z)
LCx: 2 mm (+0.31Z)

Fusiform aneurysm in (3.5 mm) in
entire course of LCx

Fusiform aneurysms in LCA
(5.9 mm), LAD (3.9 mm) and RCA
(7.3 mm)

38. 9 Y/M CTCA carried out at
presentation

LCA: 6.8 mm (+9.46Z)
LAD: 5 mm (+8.9Z)
RCA: 3.2 mm (+2.7Z)
LCx: 4.87 mm (+6.52Z)

Fusiform aneurysm in (3.7 mm) in
entire course of LCx

Fusiform aneurysms in LCA
(4.5 mm), LAD (4.4 mm) and RCA
(2.5 mm)

39. 5 Y/M CTCA carried out at
presentation

LCA: 3.7 mm (+3.25Z)
LAD: 4.1 mm (+6.08Z)
RCA: 4.6 mm (+6.82Z)
LCX: NV

Proximal LCx fusiform aneurysm
(2.6 mm)

LCA bulbous aneurysmal
bifurcation (3.6 mm), LAD
(2.5 mm) with filling defect and
RCA (1.7 mm)

40. 13 Y/M CTCA carried out at
presentation

LCA: 6.4 mm (+8.14Z)
LAD: 4.7 (+6.3Z)
RCA: 5.4 mm (+5.98Z)
LCx: NV

Proximal LCx fusiform dilatation
and fusiform aneurysm (4.6 mm)
at bifurcation involving OM1
branch

Fusiform aneurysms in LCA
(6.3 mm), LAD (5.0 mm) and RCA
(6.6 mm)

41. 8 Y/M CTCA carried out at
presentation

LCA: 3 mm (+0.8Z)
LAD: 3 mm (+2.43Z)
RCA: 3 mm (+1.45Z)
LCx: 2 mm (−0.1Z)
Diffuse dilation of LCA, LAD and RCA

Distal LCx fusiform dilatation
(3 mm)

Fusiform aneurysms in RCA
(5.3 mm, 4.2 mm) and LAD
(3.4 mm, 8.4 mm)

CTCA: Computed tomography coronary angiography; LCA: Left main coronary artery; LAD: Left anterior descending coronary artery; LCx: Left circumflex coronary artery; OM: Osteoproximal; RCA: Right
coronary artery. aTTE findings in follow-up at time of CTCA; NV: Not visualized on TTE; NA: values not available.

Table 1: Detailed findings of children with KD and left circumflex coronary artery involvement.
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showed normal coronaries in 1 patient (Patient No.
1; Table 1) and LCA abnormality in 2 patients (Pa-
tient Nos. 2, 26; Table 1). One patient (Patient No.
10; Table 1) showed LCx diameter of 1.6 mm with
loss of tapering. Two (Patient No. 1, 26; Table 1)
amongst these 4 patients had stenosis of LCx on
CTCA (that had been carried out 4 and 6 years,
respectively after the acute episode) (Fig. 5, Patient
No. 26). Patient no. 2 had multiple distal segment
fusiform aneurysms (bunch of grapes appearance)
(Fig. 1). CTCA in Patient no. 10 showed fusiform
aneurysm of proximal (4.5 mm) and mid (4.2 mm)
with extnesion into its OM1 branch (2.4 mm)
extending over 7 mm (Fig. 4b). In this patient, TTE
has also demonstrated an LCx diameter of 1.6 mm
with loss of tapering. However, the distal extent of
abnormality could not be delineated on TTE. In 3 of
the 4 patients, aspirin had been discontinued in
view of normal coronary artery assessment on TTE.
However, after the results of CTCA came in, aspirin
had to be reinitiated.
ww.thelancet.com Vol 29 October, 2024
5. Giant LCx CALs: Giant aneurysms with diameter of
more than 8 mm (or a Z score ≥10) were seen in 7
(17.07%) patients—these were fusiform in 6, and
saccular in 1 patient (Fig. 6). Six of these 7 patients
also had concomitant involvement of other coronary
arteries. However, one patient (Patient No. 10;
Table 1) had isolated giant aneurysm in LCx. Of
these 7 patients, LCx could be visualized on TTE in
only 4. TTE showed LCx aneurysms in 3 patients
while in 1, only loss of tapering could be visualized.

6. Complications: Two patients had LCx thrombosis
(Fig. 7), and 3 had stenosis (Fig. 5). The latter had
undergone the procedure on follow-up at 4–6 years
after the acute episode (Table 1). TTE had missed
thrombosis as well as stenosis in all 5 patients.
Discussion
KD is a vasculitis of medium-sized blood vessels that
usually affects young children. CALs can develop in
15–25% of patients who are not given treatment during
7

http://www.thelancet.com


Fig. 1: (Patient No. 2): CT coronary angiography (CTCA) volume rendered (VR) (a), and, curved planar reformatted (CPR) images of obtuse
marginal branch of left circumflex coronary artery (LCx) (b) and right coronary artery (RCA) (c) in an 11.5 years girl with KD (diagnosed at 9
years). Multiple aneurysms (bunch of grapes appearance) are seen (arrows in a and b). Transthoracic echocardiography (TTE) at presentation
showed dilated proximal RCA, which on follow-up CTCA shows normalization (c). TTE, however, did not demonstrate aneurysms in LCx either
at presentation, or on follow-up.

Articles
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the acute stage. Most investigators have focused on the
involvement of LMCA, LAD, and RCA in KD,8 and there
is paucity of literature on LCx involvement in this
condition.11,12,15,16
Fig. 2: (Patient No. 3): CT coronary angiography (CTCA) grey-scaled volu
images in a 7 months infant with KD at presentation show fusiform aneur
in a and b). A giant aneurysm is seen in proximal left anterior descend
proximal right coronary artery (RCA) (3 in a). RCA beyond aneurysm i
aneurysm involving proximal LAD (2 in a and c) shows filling defect c
demonstrated aneurysmal dilatation of proximal segments of RCA and L
We have shown that LCx coronary artery involvement
was seen in 18.2% (41/225) of children with KD on
CTCA—4 amongst these had isolated LCx involvement.
Our findings are in concordance with those reported by
me rendered (VR) (a), and curved planar reformatted (CPR) (b and c)
ysm involving entire course of left circumflex coronary artery (LCx) (1
ing coronary artery (LAD) (2 in a and c) and saccular aneurysm in
s not opacified and was interpreted as thrombosed. Giant saccular
onsistent with thrombus (4 in 2c). Transthoracic echocardiography
AD with thrombus, but failed to demonstrate LCx aneurysm.

www.thelancet.com Vol 29 October, 2024
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Fig. 3: a–c (Patient No. 15): CT coronary angiography (CTCA) curved planar reformatted (CPR) (a and c) and axial (b) images in a 4 years boy
with KD at presentation show a fusiform aneurysm in distal left circumflex coronary artery (LCx) (1 in a and b) with normal calibre of proximal
LCx (2 in a). There seems in a stenotic lesion in the osteo-proximal segment of LCx in figure a, however, this is due to an off-centre centreline.
Fusiform aneurysm is also seen in proximal left anterior descending coronary artery (LAD) (3 in b and c). Transthoracic echocardiography (TTE)
demonstrated aneurysmal dilatation of proximal LAD; LCx, however, could not be evaluated. d (Patient No. 19): CTCA CPR image of LCx (d) in
a 5 years boy with KD at presentation shows fusiform aneurysm of proximal (4 in d) and distal (5 in d) LCx with normal intervening segment.
Although TTE showed a aneurysm of proximal LCx, it failed to demonstrate involvement of distal LCx.

Articles
van Stijn et al.,12 who have also previously demonstrated
the limitations of TTE in detecting CALs in LCx. The
authors had carried out CTCA in 71 children with KD.
CALs in LCx were found in 6 patients (8.6%)–these had
been completely missed on TTE. Therefore, LCx
involvement in KD is often missed or underestimated on
Fig. 4: a (Patient No. 5): CT coronary angiography (CTCA) volume rend
fusiform aneurysm in proximal left circumflex coronary artery (LCx) (1 in a
extension of aneurysm in obtuse marginal (OM) branch of LCx (3 in a
dilatation of proximal segments of coronary arteries but failed to demons
10): CTCA curved planar reformatted (CPR) images of LCx (b), LAD (c), a
presentation show fusiform aneurysm involving proximal and mid segmen
are unremarkable with normal distal tapering.

www.thelancet.com Vol 29 October, 2024
TTE. CTCA is easy to perform, safe, well tolerated, re-
quires minimal sedation, and has a radiation exposure
less than 1 mSv in most patients.24 In present study, we
have also shown that CTCA can clearly delineate (i) ab-
normalities of LCx in distal segments (ii) distal extension
of proximal CALs (iii) multiple skip lesions (iv)
ered (VR) (a) image in a 2 years boy with KD at presentation shows
), and left anterior descending coronary artery (LAD) (2 in a). There is
). Transthoracic echocardiography (TTE) demonstrated aneurysmal
trate the involvement of OM branch and distal LCx. b–d (Patient No.
nd right coronary artery (RCA) (d) in an 11 months boy with KD at
ts of LCx (4 in b) and dilated OM branch (5 in b). LAD (c) and RCA (d)

9

http://www.thelancet.com


Fig. 5: (Patient No. 26): CT coronary angiography (CTCA) volume rendered (VR) (a) and curved planar reformatted (CPR) images of left
circumflex coronary artery (LCx) (b) carried out during follow-up in a 7.5 years boy with KD (diagnosed at 1.5 years of age) shows stenosis in the
osteo-proximal segment of the obtuse marginal branch of LCx (arrows in a and b). Transthoracic echocardiography, however, did not
demonstrate CALs in LCx either at presentation, or on follow-up.

Articles
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thrombotic lesions and (v) stenotic lesions. These are
crucial determinants of the long-term prognosis of chil-
dren with KD. We have also shown that these abnor-
malities are either missed or underestimated on TTE.
Fig. 6: (Patient No. 12): CT coronary angiography (CTCA) curved plan
anterior descending artery (LAD) (b), and right coronary artery (RCA) (c
proximal LCx (1 in a and b) with normal mid and distal LCx (2 in a). In add
a giant saccular aneurysm in proximal RCA (4 in c). Transthoracic echo
arteries. Distal anatomy of coronaries, however, could not be ascertained
TTE has hitherto been considered the preferred im-
aging modality for coronary artery assessment in KD.8

TTE, however, has several drawbacks. These include
inter-observer variability, difficulty in delineating distal
ar reformatted (CPR) images of left circumflex artery (LCx) (a), left
) in a 4-year girl with KD at presentation shows giant aneurysm in
ition, there is a giant fusiform aneurysm in proximal LAD (3 in b) and
cardiography (TTE) demonstrated aneurysms of proximal coronary
on TTE.

www.thelancet.com Vol 29 October, 2024
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Fig. 7: CT coronary angiography (CTCA) images of two patients of Kawasaki disease at presentation: Upper panel of images (Patient No. 6)–
volume rendered (VR) (a) and curved planar reformatted (CPR) images of left anterior descending coronary artery (LAD) (b) in a 7 months boy
with KD at presentation show saccular aneurysms in proximal LAD (1 in a and b) and proximal right coronary artery (RCA) (2 in a). The left
circumflex coronary artery (LCx) is not opacified in the expected course (left atrioventricular groove), suggesting thrombotic occlusion (3 in a
and b). Lower panel of images (Patient No. 20)–axial (c) and CPR image of LAD (d) of an 8 months boy with KD at presentation shows fusiform
aneurysms in proximal LAD (4 in c and d), and RCA (5 in c). LCx is not opacified in the expected course (left atrioventricular groove), suggesting
thrombotic occlusion (6 in c and d).

Articles
segments of coronary arteries, and difficulty in identi-
fying segmental branches and the LCx due to its
anatomical course.8,11 We have previously shown that
CALs can manifest solely in distal segments of coronary
www.thelancet.com Vol 29 October, 2024
arteries or in conjunction with, or as an extension of,
proximal CALs. CTCA has proven to be a valuable tool
in detecting CALs in distal coronary artery segments,
including their branches. Such distal CALs are
11
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frequently missed on TTE.21 The present study has
similarly shown that involvement of LCx can be
underestimated, if one is using TTE alone as an imaging
modality.

Although the standard guidelines for KD do not
provide precise indications for CTCA, it is clear that this
imaging modality adds value and impact on treatment,
clinical care, and follow-up.8,27 CTCA is also indicated in
all children with KD who have CALs on TTE at the
presentation.12,21,28 CTCA may also be beneficial in chil-
dren with IVIg-resistant KD, and in situations wherein
the risk of coronary artery involvement is higher (e.g.,
IVIg resistance, presentation in infancy, associated
myocarditis, and macrophage activation syndrome). In
this study, we have shown that based on the findings of
CTCA, treatment protocols had to be modified in 7.3%
of patients with KD.

Accurate assessment of LCx may not always be
possible on TTE due to its anatomical course and dif-
ficulty in obtaining an appropriate acoustic window.
The LCx artery branches off the LCA, travels in the left
atrioventricular groove, and then curves to the left
within the coronary sulcus.29 LCx is known to have
several anatomical variations including aberrant origin
from the right coronary cusp, or directly from the left
coronary cusp and from the LAD.30,31 As the origin of
LCx cannot always be localized, assessment of LCx on
TTE becomes difficult even in experienced hands.29,32

Due to these reasons, there is a paucity of Z-score
based published nomograms for LCx.8,13,14

ICA has been considered to be the standard of
reference for coronary artery assessment in KD. The
main limitations are invasive technique, high radiation
exposure, and inability to detect intramural changes.
Further, ICA may lead to false negative results in the
event of a largely thrombosed aneurysm yielding a
pesudonormal sized coronary artery segment.17,33 Being
an invasive procedure, it cannot be repeated often.
CTCA is a non-invasive imaging modality that explicitly
demonstrates abnormalities in both proximal and distal
segments of coronary arteries. It can clearly delineate
both intra-luminal and mural abnormalities.12,16,19,26 The
main drawback of CTCA was considered to be radiation
exposure. This has been largely addressed by current
generation scanners with radiation optimization strate-
gies that have enabled CTCA to be carried out with ra-
diation exposure less than 1 mSv in most patients, and
without compromising image quality.12,21,25,34,35 This has
been made possible using strategies like ECG-controlled
CTCA, child size bowtie filter, low tube voltage tech-
nique, increase in number of slices and iterative image
reconstruction algorithms.18,25,36 Magnetic resonance
coronary angiography (MRCA) is another imaging mo-
dality that has been used for the assessment of CALs but
it has the disadvantage of long acquisition times and
lower spatial and temporal resolution.37,38 Cardiac MRI,
however, is better for assessment of myocardial perfu-
sion, fibrosis, and intramural calcification.39

The main strength of this study is that it is the largest
series on CTCA in KD that has been reported so far in
the published literature. CTCA was carried out by the
same radiologist during the entire study period
(2013–2022). The radiation exposure (median dose
0.83 mSv) has been the lowest recorded so far. We
report several novel anatomical findings involving the
LCx on CTCA. We have shown that imaging diagnosis
of KD may be underestimated when TTE is used versus
CTCA, if the affectation is on the LCx. However, we
identify several limitations as well. This study is based
on a review of patient records. TTE had been carried out
by different fellows during the study period (i.e.,
2013–2022) as part of patient care. However, this is
inevitable in a clinical setting such as ours.

To summarize, CTCA is the preferred imaging
modality for LCx in KD. We have shown that abnor-
malities in LCx coronary artery are seen in 18.2% of
children with KD on CTCA, and majority of these (i.e.,
26/41; 63.4%) were missed on TTE. This study shows
that TTE alone under-estimates coronary artery
involvement in KD. Several abnormalities in LCx (as
for instance CALs in mid and distal segments, distal
extension of proximal CALs, multiple skip lesions,
thrombotic or stenotic lesions) may be completely
missed or under-estimated on TTE, and these can only
be identified on CTCA. This modality also enables one
to obtain coronary artery calcium scores on follow-up
of children with KD. It also provides an opportunity
to do survey scans for detection of aneurysms in sys-
temic (e.g., axillary, brachial, iliac, femoral) arteries in
patients with KD who have developed giant coronary
aneurysms—this would, however, be at the cost of
additional radiation exposure.40 The results of our
study have important implications for prognostication
of children with KD.
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