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a b s t r a c t 

Kawasaki disease (KD) is described as a syndrome that causes both coronary and systemic 

artery aneurysms (SAAs). This report describes the pitfall for SAAs’ evaluation when us- 

ing electrocardiogram (ECG)-gated subtracted three-dimensional fast spin echo (3D FSE) se- 

quence of magnetic resonance imaging in KD patients. A 12-year-old male was diagnosed 

with KD at 3 months of age. We acquired ECG-gated 3D FSE images in the diastole and sys- 

tole phases with coronal sections. Subtraction was then performed from diastolic phase 

imaging to systolic phase imaging. A 15.5 mm right axillary artery aneurysm and an 8.0 

mm left axillary artery aneurysm were identified with ECG-gated 3D FSE in the diastolic 

phase. However, we observed signal loss in the right axillary artery aneurysm when sub- 
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traction was performed to selectively detect arteries; further, the brachial artery was poorly 

detected. ECG-gated subtracted 3D FSE sequence of magnetic resonance imaging can com- 

promise the image quality of both aneurysm and peripheral artery images when detecting 

SAAs. 

© 2022 The Authors. Published by Elsevier Inc. on behalf of University of Washington. 
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Introduction 

Kawasaki disease (KD) is described as an acute systemic vas-
culitis of medium-sized arteries that affects the coronary ar-
teries. However, in approximately 2% of untreated patients,
this syndrome can also cause systemic artery aneurysms
(SAA) [1] . The incidence of SAA has not changed significantly
in recent years, even with the introduction of intravenous im-
munoglobulin treatment [2] . SAA is associated with ruptured
iliac aneurysms [3] , axillary artery occlusion [4] , and artificial
blood vessel replacement for thoracic aneurysms [5] . There-
fore, patients with KD should be evaluated for both coronary
and systemic arterial aneurysms. The evaluation of SAA is
mainly performed via angiography (AG) [1] , computed tomog-
raphy angiography [6] , and contrast-enhanced magnetic reso-
nance angiography (CE-MRA) [2] . However, since those exami-
nation are intended for pediatric patients, there are concerns
regarding radiation exposure and the use of contrast media
[7] . Recently, we reported that non-contrast magnetic reso-
nance angiography (NC-MRA) is a successful and minimally
invasive method for evaluating SAA in KD patients [8] . With
the application of electrocardiogram (ECG)-gated subtracted
three-dimensional fast spin echo (3D-FSE), which is used to
selectively visualize arteries, we detected signal loss within
the aneurysm and poor detection of the brachial artery. 

This report describes the pitfall for systemic artery
aneurysm evaluation by using the ECG-gated subtracted 3D
FSE sequence of magnetic resonance imaging (MRI) in KD pa-
tients. 

Case report 

This a case of a 12-year-old male who, at 3 months of age, pre-
sented with high fever, conjunctival congestion, changes of
the lips and oral cavity and polymorphous rash, and extrem-
ity edema. The patient was diagnosed with KD and received a
dose of intravenous immunoglobulin. A right coronary artery
aneurysm measuring around 5.4 mm and a 7.4 mm aneurysm
from the left main trunk to the left anterior descending coro-
nary artery were detected via echocardiography. The internal
diameter of the coronary arteries in KD patients is evaluated
by the Z-score, and the average normalized for body surface
area represents the degree of coronary aneurysm [9] . The Z-
scores of the internal diameter of the coronary arteries were
+ 10.1 for right coronary artery and + 13.6 for the aneurysm
from left main trunk to left anterior descending, respectively.
Although both aneurysms regressed initially, a right axillary
artery aneurysm measuring 12.0 mm and a left axillary artery
aneurysm measuring 8.0 mm were detected by using the NC-
MRA after 3 years. AG was performed to confirm the prelim-
inary diagnosis; however, bilateral axillary aneurysms were
also detected as well as for the MRI imaging. After 12 years,
we performed ECG-gated subtracted 3D FSE sequence of MRI
while sedating the patient with 350 mg of thiopental sodium
to evaluate SAA. We used a 1.5-Tesla MRI clinical imager (In-
genia, Philips Healthcare, Best, The Netherlands) by using the
torso coil. Imaging parameters were as follows: repetition time
1333.3 ms (2 beats); echo time 73 ms (shortest); field of view
550 mm; matrix 320 × 256; slice thickness 4.0 mm; recon-
struction slice thickness 2.0 mm; number of slices 50; flip an-
gle (FA) 90 °; refocusing flip angle (RFA) 180 ° (Diastolic phase),
80 ° (systolic phase); echo train length 48; inversion time 165
ms (diastolic phase), 140 ms (systolic phase); sensitivity en-
coding factor 2.0; half scan factor Y 0.8, Z 1.0; trigger delay
1016.4 ms (diastolic phase), 155.0 ms (systolic phase); scan
time 91 s (diastolic phase), 91 s (systolic phase). ECG-gated 3D
FSE images in the diastolic and systolic phases were acquired
with coronal sections. Following image acquisition, subtrac-
tion was performed from diastolic phase imaging to systolic
phase imaging. Diastolic phase imaging allowed for the ef-
ficient detection of bilateral axillary aneurysms, and, more
specifically, of 15.5 × 24.5 mm aneurysms in the right and
8.0 × 20.0 mm aneurysms in the left axillary artery, respec-
tively. Although subtracting imaging enhanced arterial clar-
ity, a signal loss was detected within the right axillary artery
aneurysm ( Fig. 1 ), whereas the brachial artery was poorly de-
tected ( Fig. 2 ). In contrast, systolic imaging allowed the detec-
tion of hyperintensity in the right axillary aneurysm ( Fig. 2 ).
Systemic arteries such as renal arteries and iliac arteries were
clearly detected on subtraction images, but they could also be
evaluated on diastolic phase images to a similar degree ( Fig. 3 ).

Discussion 

In this case, signal loss in axillary artery aneurysm and poor
detection of the brachial artery were observed when evaluat-
ing SAA in KD patients with ECG-gated subtracted 3D FSE se-
quence of MRI. However, ECG-gated subtracted 3D FSE should
be carefully used when performing such evaluations. 

ECG-gated subtracted 3D FSE sequence of MRI can cause
poorly delineation in subtracted images when the acquisition
of flow void in systolic phase is insufficient. The imaging se-
quence is the difference in obtaining phases between the dias-
tole phase and the systole phase. Arteries in the systole phase
with higher flow velocity have a lower signal; however, arteries

http://creativecommons.org/licenses/by-nc-nd/4.0/


1442 R a d i o l o g y  C a s e  R e p o r t s  1 7  ( 2 0 2 2 )  1 4 4 0 – 1 4 4 4  

Fig. 1 – Maximum intensity projection images using the electrocardiogram (ECG)-gated subtracted three-dimensional fast 
spin echo (3D FSE) (a) and ECG-gated 3D FSE in the diastolic phase (b) were able to observe 15.5 mm right axillary artery 

aneurysms of (solid arrows) and 8.0 mm left axillary artery aneurysms (dashed arrows). Although ECG-gated subtracted 3D 

FSE improved the visibility of arteries, signal loss was observed in the right axillary artery aneurysm. 

Fig. 2 – Maximum intensity projection images using the electrocardiogram (ECG)-gated subtracted three-dimensional fast 
spin echo (3D FSE) (a) and ECG-gated 3D FSE in the diastolic phase (b) and ECG-gated 3D FSE in the systolic phase (c). A 

signal loss within the aneurysm was observed in the subtraction image (solid arrows), whereas no signal loss was detected 

during diastolic phase imaging (solid arrows). We observed a residual signal within the aneurysm in systolic phase imaging 
(solid arrows). The brachial artery was poorly detected in the subtraction images compared to the diastolic phase images. 

 

 

 

 

 

 

 

 

 

 

 

 

 

in the diastole phase with a slower flow velocity have a higher
signal. Since veins have a slow flow, they have high signals in
both phases. Therefore, the arterial signal can be selectively
visualized by subtracting the images acquired in these two
different phases [10] . However, the blood flow in aneurysms is
known to be turbulent [11] , and, even in the systole phase, flow
is noted to be stagnant. Consequently, flow void acquisition
can be very challenging. As a result, we believe that the signal
from the right axillary artery aneurysm in the systolic phase
image remains high, it can be lost during subtraction when
using an insufficient flow void image. Selective detection of ar-
teries may facilitate diagnosis and increase the clinical useful-
ness. However, the ECG-gated subtracted 3D FSE method can
lose important information due to subtraction. 
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Fig. 3 – Multi planar reconstruction using the electrocardiogram (ECG)-gated subtracted three-dimensional fast spin echo (3D 

FSE) (a,c,e), and ECG-gated 3D FSE in the diastolic phase (b,d,f) were able to observed whole-body blood vessels such as the 
right renal artery (a,b), the left renal artery (c,d), and the abdominal aorta the iliac artery (e,f). Diastolic phase images could 

evaluate whole-body blood vessels as well as subtraction images. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

It has been suggested that an effective way to suppress the
slow velocity signal during flow void acquisition in clinical set-
tings is the use of a very low RFA [12] . However, it can be diffi-
cult to optimize this process when evaluating SAA using ECG-
gated subtracted 3D FSE sequence of MRI. This is due to the
fact that this technique facilitates the acquisition of flow void
in aneurysms, but the venous signal can become flow void as
well [13] . If the vein signal becomes low during the systolic
phase, the venous signal remains after subtraction, the pro-
cess of subtraction doesn’t make sense. Therefore, it is nec-
essary to set the RFA and acquire a correct flow void in the
aneurysm. However, the problem with this approach is that
it can be substantially difficult to acquire the flow void only
in the aneurysm area by using the same RFA in all examina-
tions due to differences in intravascular flow velocity that de-
pend on the respective morphology and part of the body, as
well as on individual anatomical differences observed among
patients. Multiple imaging sessions may be required to deter-
mine optimal RFA, yet this necessitates an extended exami-
nation time for the sedated patients, which can compromise
patient safety due to the possibility of arousal. 

ECG-gated subtracted 3D FSE sequence of MRI may reduce
peripheral depiction. In this case study, the use of ECG-gated
subtracted 3D FSE was able to also reduce the visualization of
the periphery of the brachial artery. It is difficult to obtain the
same flow void as the central blood vessel because the arte-
rial flow velocity decreases in the peripheral blood vessel. The
reason for this poorly detected signal from the brachial artery
is the same as the cause of the signal loss of the aneurysm, be-
cause subtraction was performed using systolic phase images
for which flow void was not acquired. 

Signal loss in axillary artery aneurysms and poor detection
of the brachial artery can be resolved by the use of ECG-gated
subtracted 3D FSE in the diastolic phase to provide optimal
images. Our results demonstrate that we could detect a high
signal for stagnant blood flow vessels, which does not cause
any signal loss in the aneurysm and can thus facilitate the
detection of peripheral arteries. Although both arteries and
veins are detected, MPR can facilitate effective arterial eval-
uation, and there is no risk of signal loss compared to the pro-
cess of subtraction. This method is also very efficient because
it does not require multiple image acquisitions, thus reducing
the scanning time. When evaluating SAA in KD, it is not neces-
sary to perform subtraction to selectively depict arteries; thus,
diastolic imaging will suffice. 

In conclusion, ECG-gated subtracted 3D FSE sequence of
MRI may cause signal loss of SAA and poor detection of the pe-
ripheral artery in KD patients. Subtraction with systole phase
imaging is not a necessary process for the evaluation of SAA
because diastolic phase imaging can be more appropriate. 
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