
Cardiac magnetic resonance (CMR) 
is a valuable tool in the diagnostic 
work-up of patients with congenital 
and acquired heart disease, including 
Kawasaki Disease (KD). In this article 
we review the epidemiology, patho-
physiology, and clinical presentation 
of KD and illustrate how CMR can 
aid in the care of patients with this 
condition.

KD is an acute self-limited vasculitis 
that was first described in Japan in 
1967 [1]. It most commonly affects 
children between the ages of 1 and 
5 years, with an incidence of approxi-
mately 112 per 100 000 children per 
year [1] in Japan. Although KD remains 
more common amongst persons of 
Asian and Pacific Islander descent, 
it is now recognized as a near world-
wide endemic and epidemic disease 
with no racial predilection [1]. In  
the industrialized world, KD has now 
surpassed rheumatic fever as the 
leading cause of acquired heart  
disease in children [1, 2]. 

The rare occurrence of this disease 
during the first few months of life, as 
well as during later child- and adult-
hood suggests an infectious etiology, 
against which adult immunity and 
maternal antibodies are protective [1], 
although no specific causative agent 
has been identified.

KD is typically a febrile illness charac-
terized by fever, rash, conjunctivitis 
and cervical lymphadenopathy. The 
condition is diagnosed based on the 
presence of at least 5 days of fever 
and more than 4 of the five clinical 
features [3]. Fewer than 4 clinical 
features suffice for the diagnosis in 
the presence of fever with at least 
5 days duration and coronary artery 
aneurysm development [1]. 

The most serious manifestation is 
that of an arterial vasculitis which 
affects both medium and small sized 

Kawasaki Disease on CMRI
Gregory L. Compton, MBBS; Lars Grosse-Wortmann, M.D.

Labatt Family Heart Centre at The Hospital for Sick Children, The University of Toronto, Toronto, Ontario, Canada

Patient 1

Cine steady state free precession image 
in the 2-chamber plane showing the 
abnormal contour of the left ventricle (LV) 
consistent with an aneurysm (asterisk). 
Note the abnormal thinning of the 
myocardium in this region.  
LA = left atrium.

1

Late gadolinium enhancement following 
phase-sensitive inversion recovery recon-
struction of the data. The left ventricular 
myocardium near the apex is signal-
intense, in keeping with a transmural 
myocardial infarction and scar formation.

2

Post-gadolinium 3D inversion recovery 
image demonstrating the low signal

thrombus (asterisk) within an aneurysm of 
the left anterior descending (LAD) coronary 
artery. This image also demonstrates an 
abnormally high signal (arrowheads) in the 
walls of the LAD aneurysm which appear 
thickened in comparison to those of the 
main pulmonary artery and aortic arch. This 
finding is most in keeping with vessel wall 
injury (fibrosis and/or inflammation) rather 
than rim-enhancement of the thrombus. 
AO = aortic arch, PA = pulmonary artery

3

vessels, with a predilection for the 
coronary arteries. The latter are 
 virtually always involved [1] with 
aneurysms of the coronary arteries 
developing in 15–25% of untreated 
cases [1, 4]. The proximal segment of 
the left anterior descending (LAD) 

coronary artery is the most frequent 
site of aneurysmal involvement, fol-
lowed by the proximal aspect of the 
right coronary artery (RCA) and the 
left main coronary artery. The left cir-
cumflex is the least affected of the 
coronary artery branches [13]. 
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Initially, the affected arterial vascula-
ture demonstrates edematous dissoci-
ation of the smooth muscle cells, along 
with destruction of the internal elastic 
lamina [1]. Fibroblastic proliferation 
can result in vessel stenoses through 
intimal thickening. Even after complete 
regression of the aneurysms residual 
histological abnormalities of the 
affected vasculature are often present 
[1, 2, 5], manifesting in reduced vas-
cular reactivity indicative of endothelial 
dysfunction [1, 6].

Other cardiovascular involvement is 
seen in the form of myocarditis, valvu-
litis and pericarditis with pericardial 
effusions as a common imaging finding 
in up to 25% of cases [3, 7]. Acute 
mitral valvar regurgitation occurs in up 
to 2% of cases [1, 7, 8] secondary to 
valvar inflammation or to papillary mus-
cle dysfunction caused by myocarditis 
or ischaemia. Aortic insufficiency is 
present in up to 5% of patients [9]. 

Despite these additional complications 
of KD, the leading cause of death 
remain sequelae from coronary artery 
involvement and the development of 
coronary artery aneurysms. These may 
rupture, thrombose or become stenotic 
[2] – all of which predispose to myo-
cardial ischemia and infarction. Risk 
factors for the development of coronary 
artery aneurysms include: (1) longer 
duration of fever (2) leucocytosis (3) 
thrombocytopaenia (4) elevated inflam-
matory markers (5) decreased hemato-
crit (6) hypoalbuminemia (7) age less 
than 1 year old (8) male sex [1, 7]. 

Current treatment algorithms aim at 
(1) reducing inflammation, (2) avoiding 
thrombus formation, and (3) prevent-
ing aneurysms. Aspirin, initially admin-
istered at doses with anti-inflammatory 
properties followed by lower dosing 
for anti-platelet aggregation, as well 
as intravenous immunoglobulin are 
the mainstay of treatment. These mea-
sures reduced the incidence of coro-
nary artery aneurysms to 3–5% [10, 11].

Coronary artery aneurysms tend to 
regress within 1–2 years of disease 
onset [12] with approximately 50% 
showing complete angiographic reso-
lution [1] within this time period. 
16% of patients with persistent aneu-
rysms develop coronary artery stenosis 
[4]. Factors that are associated with 

aneurysm regression include: onset 
of  disease at less than 12 months of 
age, female gender, as well as fusiform 
(as opposed to saccular) shape and 
distal location of aneurysm [13]. The 
highest rate of progression to coro-
nary artery stenosis is seen in patients 
with giant aneurysms (> 8 mm) [1].

With improved imaging detection 
of complications as well as advances 
in the medical and surgical manage-
ment the population of pediatric and 
adult KD survivors continues to grow. 
Real risks of long-term sequelae  
mandate regular imaging follow-up. 
In fact, new coronary artery  
aneurysms have been found up to  
19 years after disease onset [14].

Imaging findings

2D Echocardiography is the most 
widely used screening method for 
 coronary artery aneurysms in KD 
patients. Echocardiograpy typically 
visualizes the proximal and mid por-
tions of the coronary artery system 
sufficiently in infants and small chil-
dren, but its sensitivity and specificity 
decrease with patient age [15] and 
distal aneurysms are frequently 
missed. If visualization of the coro-

nary arteries by echocardiography 
is poor, regardless of patient age and 
size, consideration should be given to 
other imaging modalities, including 
CMR [16]. The gold-standard of coro-
nary artery imaging remains X-ray 
angiography. However, cardiac cathe-
terization carries inherent risks includ-
ing vessel injury and infection, as 
well as the added burden of exposure 
to ionizing radiation [17, 18]. Com-
puted tomography is now an alterna-
tive to fluoroscopic angiography for 
coronary artery imaging [19] in many 
cases, but remains unidimensional 
with regards to the functional infor-
mation it provides.

Cardiac Magnetic Resonance
CMR is part of the routine diagnostic 
algorithm in pediatric* and adult heart 
disease. Its non-invasive nature (apart 
from the need for general anesthesia 
in young children) and the avoidance 
of ionizing radiation advocate for its 
use in pediatric patients, particularly 
when serial follow-up examinations 
are required. CMR is emerging as the 
modality of choice for the imaging  
of structural damage late after KD 
(level of evidence C, recommendation 
Class IIa) [5].

Sample MRI protocol for assessment of patients with Kawasaki Disease.  
$Inversion Time (TI) time set to null blood

Table 1 

Sequence Orientation Purpose

Cine Steady State Free 
Precession

Vertical long axis, horizontal 
long axis, short axis

Ventricular function and 
regional wall motion 
abnormalities

3D Steady State Free 
Precession

Whole heart
Coronary artery  anatomy, 
stenosis & aneurysms

Native 3D Inversion 
Recovery$

Whole heart
Intra-aneurysmal 
thrombus

First-Pass Perfusion during 
adenosine infusion and 
at rest$

3 short axis slices, 1 vertical 
long axis and 1 horizontal 
long axis slice if heart rate 
allows

Baseline and inducible 
 myocardial  perfusion 
defects

Whole body angiography Coronal slabs
Extracardiac arterial 
involvement

Late Gadolinium 
Enhancement

Horizontal long axis,  
short axis

Mycoardial scars

Post-contrast 3D Inversion 
Recovery$

Whole heart
Vessel wall inflammation / 
scars
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Patient 2

(4A) Reformat from a non-contrast 
3D steady state free precession 
acquisition (SSFP): The distal right 
coronary artery is aneurysmal in 
two places (asterisk in the 
proximal aneurysm) with the 
most distal containing thrombus 
material (arrow). RV = right 
ventricle, LV = left ventricle
(4B) Pre-contrast 3D inversion 
recovery (IR) image reformatted 
in the same plane as (4A) demon-
strating the high signal thrombus 
in the distal aneurysm (arrow).
(4C) Post-gadolinium 3D IR image 
showing enhancement 
surrounding the thrombus 
(arrow) with no central 
enhancement. 

4

(4D) Reformat from 3D SSFP performed 
18 months after (4A) demonstrating 
absence of blood flow signal within the 
distal aneurysm (arrow) indicating  
occlusion due to thrombus. This aneurysm  
is shown as patent in (4A).

(4E) Pre-contrast 3D IR image, also 
obtained 18 months after figure (4B) 
with decreased signal of thrombus 
within the distal aneurysm (arrow), 
compatible with evolution (aging 
and organization) of clot.

Stress perfusion imaging in 
the short axis plane at the 
midventricular level in the same 
patient as in figure 4, demon-
strating decreased first pass 
contrast uptake in the subendo-
cardial region (arrowheads) 
consistent with ischemia in the 
inferoseptal, inferior and infero-
lateral segments of the left 
ventricle at this level. RV = right 
ventricle, LV = left ventricle

5 (6A) Right coronary artery 
(RCA) selective catheter-
ization and fluoroscopic 
angiography in the same 
patient described in figures 
4 & 5. Multiple aneurysms 
of the RCA are seen, with 
a ‘filling defect’ in the most 
distal giant aneurysm in 
keeping with thrombus as 
demonstrated in figure (4B).

6 (6B) RCA selective catheter-
ization and fluoroscopic 
angiography obtained 18 
months after (6A) demon-
strating lack of filling of 
most distal aneurysm 
(arrow) in keeping with 
thrombus progression and 
complete occlusion of this 
aneurysm as shown in 
figure (4E).

6A 6B

4A 4B 4C

4D 4E

5
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The goals of CMR for KD include 
the following:
1. Assessment of coronary arteries for 

aneurysm formation and its compli-
cations including thrombosis and 
stenosis

2. Quantification of ventricular 
function

3. Evaluation of myocardial perfusion 
and viability

4. Detection of extra-cardiac aneurysm 
formation

1. Assessment of the coronary 
arteries
CMR angiography using an ECG gated 
3D steady state free precession (SSFP) 
sequence with diaphragm navigation 
is equivalent to fluoroscopic angiogra-
phy and superior to echocardiography 
in detecting aneurysms in patients older 
than 4 months of age with KD [20]. 
Likewise, Mavrogeni and colleagues 
have demonstrated excellent agreement 
between findings on 3D SSFP magnetic 
resonance angiography and fluoro-
scopic angiography in KD patients with 
coronary artery aneurysms [15]. Some 
groups administer a slow infusion of 
gadolinium during the 3D SSFP scan to 
enhance vascular signal. The use of 
an intravascular contrast agent serves 
the same purpose, but conflicts with 
the desire for viability imaging using 
late gadolinium enhancement (LGE), 
although some centers are now using 
extracellular and intravascular contrast 
agents in the same examination.

Coronary arteries should be assessed 
with regards to their size and morphol-
ogy. The upper normal limit beyond 
which an artery is ectatic varies with 
age and no uniformly accepted normal 
values by CMR have been established. 
The morphology is described as saccu-
lar if the axial and sagittal diameters 
are nearly equal or fusiform if there is 
asymmetric dilatation with proximal 
and distal tapering [1, 12].

Coronary artery stenosis can be identi-
fied with high sensitivity and moder-
ately good specificity in adult patients 
[16, 21, 22], but remains more diffi-
cult in pediatric patients due to their 
smaller size and higher heart rates. 
A relatively fresh clot within a coronary 
artery aneurysm can be readily visual-
ized using pre and post contrast 3D 
inversion recovery (IR) sequences with 
the inversion time chosen to ‘null’ 

the signal from blood [23] for both 
sequences. Recent thrombi carry 
a high signal (compared to the nulled 
blood) on the pre-contrast 3D IR and 
often show peripheral enhancement 
on the post-gadolinium 3D IR images. 
This post-gadolinium sequence also 
allows assessment of the coronary 
arterial walls which may show thick-
ening and higher signal compared to 
unaffected arteries [23, 24] indica-
tive of active inflammation or fibrosis 
[25]. Research in patients after heart 
transplantation and those with other 
types of vasculitis has established a 
relatively long time interval of 20–40 
minutes after gadolinium injection 
for the detection of vessel wall 
enhancement [25, 26]. 

2. Ventricular function
CMR is the gold standard for right and 
left ventricular volumetry and ejection 
fraction assessment. Either a short 
axis or an axial cine stack in the SSFP 
technique is acquired and processed 
in the usual fashion using Simpson’s 
method of multiple discs. Several 
short axis slices and a family of hori-
zontal and vertical long axis slices 
in cine mode should be acquired in 
every patient to assess for regional 
wall motion abnormalities. These 
sequences also are suitable for the 
detection of pericardial effusions and 
valvar involvement, although echo-
cardiography remains the technique of 
choice for the latter. These sequences 
can be performed using breath-hold-
ing for older children and adults, or 
non-breath-hold for younger children 
and intubated patients under general 
anesthesia.

3. Myocardial perfusion  
and viability
Myocardial perfusion imaging directly 
images the integrity of macroscopic 
blood supply to the muscle via the cor-
onary artery system. It can be per-
formed at rest and during stress with 
adenosine and dipyridamole both of 
which serve as vasodilators.

Myocardial stress perfusion imaging 
is currently recommended for all 
KD patients, with an AHA risk factor 
profile of III or greater [1]. As com-
pared to nuclear medicine stress per-
fusion imaging CMR offers superior 
spatial resolution and radiation-free 
imaging. 

There is some preparation involved 
for CMR perfusion scans with adenos-
ine: Patients must be screened for 
contra-indications to adenosine 
administration including inducible 
bronchospasm; and, they must abstain 
from caffeine for at least 24 hours 
prior to the examination – as this may 
inhibit the effect of adenosine. Upon 
arrival at the MRI unit, 2 peripheral 
intravenous (IV) cannulas are inserted 
for the administration of the gadolin-
ium contrast and the adenosine infu-
sion required for the stress perfusion 
imaging. Adenosine is administered 
at an infusion rate of 140 mcg/kg/
minute over up to 6 minutes to induce 
coronary vascular steal. Most centers 
inject 0.05 mmol/kg of gadolinium 
(half-dose) as a rapid push, followed 
by a saline chaser. Intensive monitor-
ing using q 1 min blood pressure 
measurements, continuous oxygen 
saturation measurements and ECG 
are mandatory, as well as a reliable 
means of communicating with the 
patient prior to, during and after the 
perfusion scan.

In the case of serious side effects 
that are not controlled by stopping 
the adenosine infusion aminophylline 
is administered as an antidote. 

Further details of state-of-the-art 
 perfusion imaging can be found else-
where [27].

If a perfusion defect is identified on 
the first-pass perfusion stress imaging 
then a second non-stress sequence 
is performed, to see if the abnormal-
ity was stress induced, i.e. reversible. 
If no perfusion defect is seen with 
adenosine the maneuver does not 
need to be repeated at rest.

LGE imaging is performed 10 to 15 
minutes after injection of another 
0.05 to 0.1 mmol/kg of gadolinium 
contrast medium in multiple short and 
long axis slices, covering the entire 
heart. Imaging during systole may 
enhance detection of right ventricular 
scars by imaging when the myocar-
dium appears ‘thicker’. Systolic LGE is 
performed earlier after contrast admin-
istration (typically 5–7 minutes), taking 
advantage of the shorter inversion 
times at that interval which allow for 
acquisition earlier in the cardiac cycle.
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(7A) Reconstruction from 3D SSFP dataset illustrating a giant fusiform 
aneurysm of the LAD (asterisk) and multiple saccular aneurysms of the left 
circumflex (LCx) coronary artery (arrowheads). Note the signal distortion within 
the LAD aneurysm secondary to flow disturbance from thrombus (not seen).
(7B) Left coronary artery selective catheterization and fluoroscopic angiog-
raphy demonstrating the left-sided aneurysms with a filling defect (asterisk) in 
the LAD aneurysm consistent with thrombus. The LCx aneurysms are shown, 
corresponding to the magnetic resonance images in (7A).

7
Late gadolinium enhancement 
image in the 4-chamber view 
depicting high signal involving 
the apex of the left ventricle (LV) 
and interventricular septum 
(arrowheads) consistent with 
scar formation secondary to 
myocardial infarction.  
RV = right ventricle

8

Patient 3

Along with ventricular function and 
any regional wall motion abnormalities 
myocardial perfusion and viability imag-
ing aid in the decision whether revas-
cularization should be attempted.

4. Extracardiac aneurysms
Although KD preferentially involves 
the coronary arteries, other arteries 
can also be affected and show aneu-
rysmal dilatation or other complica-
tions including obstruction due to 
thrombosis and/or stenosis. The axil-
lary, iliac and renal arteries are the 
most frequently involved extra-car-
diac vessels [7]. In one patient series, 
axillary artery aneurysms were seen 
in 2% of the cohort, and were found 
to be 100% predictive of coronary 
artery aneurysms [7]. 

In order to visualize the entire arterial 
tree a whole-body contrast-enhanced 
magnetic resonance angiogram is 
helpful.

   References
 1 Newburger JW. Diagnosis, Treatment, 

and Long-Term Management of Kawasaki 
Disease: A Statement for Health Profes-
sionals From the Committee on Rheumatic 
Fever, Endocarditis and Kawasaki Disease, 
Council on Cardiovascular Disease in 
the Young, American Heart Association. 
Circulation 2004;110:2747–71.

 2 Greil GF. Coronary Magnetic Resonance 
Angiography in Adolescents and Young 
Adults With Kawasaki Disease. Circulation 
2002;105:908–11.

 3 Cox JR, Sallis RE. Recognition of kawasaki 
disease. Perm J 2009;13:57–61.

 4 Kato H, Sugimura T, Akagi T, Sato N, 
Hashino K, Maeno Y, et al. Long-term 
consequences of Kawasaki disease.  
A 10- to 21-year follow-up study of 594 
patients. Circulation 1996;94:1379–85.

 5 Gordon JB, Kahn AM, Burns JC. When 
Children With Kawasaki Disease Grow Up. 
Jac 2009;54:1911–20.

 6 Iemura M, Ishii M, Sugimura T, Akagi T, 
Kato H. Long term consequences of 
regressed coronary aneurysms after 
Kawasaki disease: vascular wall morphology 
and function. Heart 2000;83:307–11.

 7 Kato H, Inoue O, Akagi T. Kawasaki Disease: 
Cardiac Problems and Management. 
Pediatrics in Review 1988;9:209–17.

 8 Akagi T, Kato H, Inoue O, Sato N, 
Imamura K. Valvular heart disease in 
Kawasaki syndrome: incidence and 
natural history. American Heart Journal 
1990;120:366–72.

 9 Nakano H, Nojima K, Saito A, Ueda K. High 
incidence of aortic regurgitation following 
Kawasaki disease. The Journal of Pediatrics 
1985;107:59–63.

 10 Newburger JW, Takahashi M, Burns JC, 
Beiser AS, Chung KJ, Duffy CE, et al. The 
treatment of Kawasaki syndrome with 
intravenous gamma globulin. New England 
Journal of Medicine 1986;315:341–7.

 11 Newburger JW, Takahashi M, Beiser AS, 
Burns JC, Bastian J, Chung KJ, et al. A single 
intravenous infusion of gamma globulin as 
compared with four infusions in the treatment 
of acute Kawasaki syndrome. New England 
Journal of Medicine 1991;324:1633–9.

 12 Tacke CE, Kuipers IM, Groenink M, 
Spijkerboer AM, Kuijpers TW. Cardiac 
Magnetic Resonance Imaging for 
Non invasive Assessment of Cardiovascular 
Disease During the Follow-Up of Patients 
With Kawasaki Disease. Circulation: 
 Cardiovascular Imaging 2011;4:712–20.

 13 Takahashi M, Mason W, Lewis AB. Regression 
of coronary aneurysms in patients with 
Kawasaki syndrome. Circulation 
1987;75:387–94.

 14 Tsuda E, Kamiya T, Ono Y, Kimura K, Echigo 
S. Dilated coronary arterial lesions in the 
late period after Kawasaki disease. Heart 
2005;91:177–82.

 15 Mavrogeni S, Papadopoulos G, Douskou M, 
Kaklis S, Seimenis I, Baras P, et al. Magnetic 
resonance angiography isequivalent to 
X-Ray coronary angiography for the evalu-
ation of coronary arteries in kawasaki 

7A 7B 8

Clinical Pediatric Imaging

RV
LV

*Siemens disclaimer: MR scanning has 
not been established as safe for imaging 
infants less than two years of age. The 
responsible physician must evaluate the 
benefits of the MR examination compared 
to those of other imaging procedures.



MAGNETOM Flash | 3/2014 | www.siemens.com/magnetom-world 69
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aneurysm (asterisk) of the left 
main coronary artery (LCA).
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A differently angled recon-
struction of the same angio-
graphic dataset shows occlusion 
of the right subclavian artery 
(arrow) most likely due to 
thrombosis in the setting of 
Kawasaki’s Disease. The small 
caliber vessel lateral to the 
occlusion is an arterial collateral. 
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11

Multiplanar reconstruction of 
a contrast-enhanced magnetic 
resonance angiogram portraying 
a large aneurysm (asterisk) of 
the left axillary artery and multi-
focal arterial wall irregularity.
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