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Wave-CAIPI susceptibility-weighted imaging achieves diagnostic
performance comparable to conventional susceptibility-weighted
imaging in half the scan time
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Abstract
Objectives We aimed to evaluate the agreement in the detection of cerebral microbleeds (CMBs) between conventional
susceptibility-weighted imaging (SWI) and fast SWI using wave-controlled aliasing in parallel imaging (CAIPI) acceleration.
We also scrutinized the diagnostic agreement for intracranial lesions and compared the image quality between both sequences.
Methods Institutional review board approval was obtained and informed consent was waived for this retrospective study. We
included 181 consecutive patients who had undergone brain MRI with both conventional SWI (scan time, 251 s) and wave-
CAIPI SWI (scan time, 113 s) from September 2017 to November 2017. All images were independently reviewed by two
radiologists for the detection and counting of CMBs using the Microbleed Anatomical Rating Scale (MARS). One neuroradi-
ologist diagnosed intracranial lesions and scored image quality using visual analysis. The agreement for detection of CMBs and
intracranial lesions was calculated, and interobserver agreements were analyzed by using kappa and intraclass correlation.
Results For detection of CMBs, both the conventional and wave-CAIPI SWI showed significantly high agreement of 100% for the
presence of CMBs, and 94.5% using MARS. Wave-CAIPI SWI achieved more than 97% agreement of MARS when divided by
anatomical locations, with excellent agreement. Interobserver agreements were also excellent. The diagnosis for intracranial lesions
(33 lesions in 28 patients) demonstrated 100% agreement. The image quality of both sequences is not significantly different (p = 0.20).
Conclusions Wave-CAIPI SWI achieved high agreement for CMB detection and diagnosis of intracranial lesions compared to
conventional SWI within half of the scan time.
Key Points
• Wave-CAIPI SWI achieves a diagnostic performance for the detection of cerebral microbleeds that is comparable to that of
conventional SWI in half the scan time.

• Interobserver agreement for the detection (presence vs. absence) and counting of cerebral microbleeds of wave-CAIPI SWI was
excellent.

• Wave-CAIPI SWI demonstrated a 100% agreement for the diagnosis of intracranial lesions and comparable image quality
compared to conventional SWI.
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Abbreviations
CAIPIRINHA Controlled aliasing in parallel imaging re-

sults in higher acceleration
CMBs Cerebral microbleeds
GRAPPA Generalized autocalibrating partially parallel

acquisitions
ICC Intraclass correlation
MARS Microbleed Anatomical Rating Scale
SAR Specific absorption rate
SENSE Sensitivity encoding
SWI Susceptibility-weighted imaging
TE Echo time
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Introduction

Cerebral microbleeds (CMBs) have been related to the
normal aging process, medical treatments including oral
contraceptives and antithrombotic agents, and various dis-
eases such as traumatic brain injury, ischemic and hemor-
rhagic stroke, Alzheimer’s disease, Parkinson’s disease,
and amyloid angiopathy [1–8]. Moreover, increased num-
bers of CMBs are associated with increased risk of vas-
cular mortality, cognitive decline, and stroke [1, 2, 5, 6].
For the detection of CMBs, susceptibility-weighted imag-
ing (SWI) allows the visualization of a greater number of
CMBs than conventional gradient echo sequences [1,
9–11]. However, SWI requires more scan time and post-
processing steps than conventional gradient echo imaging.
The long scan time is the biggest obstacle, particularly in
uncooperative patients with a higher probability of motion
artifacts.

For the fast acquisition of SWI, parallel imaging techniques
such as sensitivity encoding (SENSE), generalized
autocalibrating partially parallel acquisitions (GRAPPA),
and controlled aliasing in parallel imaging results in higher
acceleration (CAIPIRINHA) have been extensively used to
reduce the number of phase-encoding steps through the use
of coil sensitivity encoding from multichannel receiver arrays
[12–14]. Unfortunately, highly accelerated scans with known
parallel acquisition techniques have some limitations for ap-
plication in clinical practice, because whenever the parallel
factor increases, image quality degrades due to noise amplifi-
cation induced by the increased geometric (g) factor and the
acquisition of fewer data points [15]. The wave-CAIPI tech-
nique has recently been proposed as a parallel imaging tech-
nique to obtain even greater parallel acceleration through the
combination of the k-space undersampling technique of 2D-
CAIPIRINHA and bunched phase encoding. “Wave-CAIPI”
is named for the sinusoidal shape of its Gy and Gz gradients
which are simultaneously varying during the frequency
encoding step (with a π/2 phase shift between the two wave-
forms), and it creates a staggered corkscrew trajectory for k-
space sampling [16, 17]. Wave-CAIPI has been suggested for
fast 3D acquisition with low artifacts and negligible g-factor
penalties for the acquisition of SWI, quantitative susceptibility
mapping, rapid acquisition with refocusing echoes, and
magnetization-prepared rapid gradient echo sequences
[16–19]. To date, the usefulness of wave-CAIPI SWI com-
pared to conventional SWI without wave-CAIPI acceleration
has not been validated using patient data.

In this study, we aimed to evaluate the clinical feasibility of
wave-CAIPI SWI for routine MRI scanning. We assessed the
agreements for the detection of CMBs between conventional
SWI and wave-CAIPI SWI. We also investigated the diagnos-
tic agreement for intracranial lesions and compared image
qualities in both sequences.

Materials and methods

Study population

We retrospectively included 181 consecutive patients who
had undergone brain MRI with SWI from a single referral
center from September 2017 to November 2017. The in-
clusion criteria were as follows: (1) patients who
underwent brain MRI with SWI using both conventional
and wave-CAIPI technique and (2) patient age > 20 years.
Exclusion criteria were as follows: (1) MRI images with
severe motion or metal artifacts and (2) data reconstruc-
tion failure. We retrospectively collected demographic and
clinical data, including age, sex, history of head trauma,
and past medical history of all the subjects by reviewing
their electronic medical records.

Institutional review board approval was obtained and in-
formed consent was waived for this retrospective study. We
have reported the methods and results in accordance with the
strengthening the reporting of observational studies in epide-
miology (STROBE) guidelines [20].

Image acquisition

All MRIs were performed on two 3-T scanners (Magnetom
Skyra, Siemens Healthineers) with 64 channel head coils un-
der the IDEA environment. The detailed MR scan parameters
of conventional and wave-CAIPI SWI are shown in Table 1.
The total acquisition time was 251 s for conventional SWI and
113 s for wave-CAIPI SWI [21].

Table 1 Image parameters

Conventional SWI Wave-CAIPI SWI

Field of view (mm) 210 × 240 210 × 240

Voxel size (mm) 0.6 × 0.6 × 1.5 0.6 × 0.6 × 1.5

Matrix size 384 × 218 384 × 218

TR (ms) 28 40

TE (ms) 20 13.7/30.5
(mean TE, 22.1)

Band width (Hx/pixel) 120 120

Flip angle (°) 15 15

Parallel imaging method GRAPPA CAIPIRINHA

Acceleration factor
(phase encoding direction)

2 2

Acceleration factor 3D
(slice encoding direction)

– 3

Scan time (s) 251 113

CAIPIRINHA controlled aliasing in parallel imaging results in higher
acceleration, GRAPPA generalized autocalibrating partially parallel ac-
quisitions, TE echo time, TR repetition time
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Image analysis

All MRIs were independently reviewed by two radiologists
(M.S.C. and S.L.; 8 years and 14 years of experience, re-
spectively) after a training session on the detection and
counting of CMBs. The training session involved 10 cases
of conventional and wave-CAIPI SWI from patients who
had been excluded from the main analysis. Each observer
performed image analysis independently, with a 2-week
interval to prevent recall bias, and was blind to the results
of the other observer and other sequences (conventional
SWI or wave-CAIPI SWI).

The detection and counting of the CMBs were based on the
Microbleed Anatomical Rating Scale (MARS) [22]. In this
scale, CMBs are scored as “definite” or “possible”; we fo-
cused on definite CMBs. Definite CMBs in MARS are de-
fined as small, rounded or circular, well-defined hypointense
lesions within brain parenchyma, with clear margins ranging
from 2 to 10 mm on SWI. The symmetrical areas of calcifica-
tion in the basal ganglia, choroid plexus, and pineal gland
signal intensity voids caused by sulcal vessels were excluded
as well as low-signal intensity lesions including signal inten-
sity voids due to adjacent bone structures [22–24]. For the
scoring following MARS guidelines, observers counted the
number of the CMBs in each location (brainstem, cerebellum,
basal ganglia, thalamus, internal capsule, external capsule,
corpus callosum, deep and periventricular white matter, fron-
tal lobe, parietal lobe, temporal lobe, occipital lobe, and
insula) and summed up the number of CMBs.

For the other intracranial lesions detected using SWI, one
experienced neuroradiologist (M.S.C., 8 years of experience)
performed diagnosis separately for each conventional and
wave-CAIPI SWI, blind to the results of other sequences (con-
ventional SWI or wave-CAIPI SWI). When other intracranial
lesions besides CMB were suspected on conventional or
wave-CAIPI SWI, T2-weighted imaging, fluid-attenuated in-
version recovery (FLAIR), or diffusion weighted imaging
were used to confirm the diagnosis [22]. We also diagnosed
cerebral amyloid angiopathy using Boston criteria [25, 26]
and hypertensive arteriopathy using the distribution of
CMBs (CMBs located in both basal ganglia, thalami, and
brainstem).

The overall image quality and motion artifact of both
conventional and wave-CAIPI SWI were scored by using
a five-level scale based on visual analysis: 1 =
nondiagnostic image quality featuring strong artifacts;
2 = severe blurring rendering evaluation uncertain; 3 =
moderate blurring that slightly compromises assessment;
4 = slight blurring that did not compromise image assess-
ment; and 5 = excellent image quality without artifacts.
For the susceptibility artifact, the visibility of basilar ar-
tery and artifacts in both temporal lobes are visually eval-
uated. The visibility of the basilar artery was graded by

using a five-level scale as follows: 1 = no visualization of
the vessel due to susceptibility artifact; 2 = severe artifact
allowing only detection of the location of the vessel; 3 =
moderate artifact causing limitation of evaluation in the
arterial stenosis; 4 = slight blurring that did not compro-
mise image assessment; and 5 = excellent image without
artifacts. The artifacts in both temporal lobes were graded
using the same method assessing overall image quality.

Statistical analysis

Statistical analyses were performed by a statistician (S.K.).
The summary statistics are presented as the number and
percentages for categorical variables, and the means with
standard deviations for continuous variables. The agree-
ment for the presence of CMBs and MARS in the entire
brain between conventional and wave-CAIPI SWI was cal-
culated as follows: number of the patients that agree/total
number of patients × 100 (%). The two-sided 95% confi-
dence interval of the agreements was estimated using the
Wilson score method. We also performed additional anal-
ysis for the agreement of the number of CMBs classified
by location following the anatomical classification of
MARS using intraclass correlation (ICC).

The interobserver agreement for the presence of CMBs and
MARS on conventional and wave-CAIPI SWI in whole brain
and each anatomical location was analyzed using the kappa
value and ICC. The image qualities were compared by using
the Wilcoxon signed rank test.

The kappa results were interpreted as being in poor (0–
0.20), fair (0.21–0.40), moderate (0.41–0.60), good (0.61–
0.80), or very good (0.81–1) agreement [27]. An ICC of
less than 0.40 was considered as poor; 0.40 to 0.59 as fair;
0.60 to 0.74 as good; and 0.75 to 1.00 as excellent [28]. All
statistical analyses were performed using MedCalc, ver-
sion 15.0 (MedCalc Software), or SPSS software (version
20.0; SPSS).

Results

The mean age of the study population was 60.5 ± 16.7 years
(range, 20–87 years; male to female ratio [n] = 82:99). The
mean specific absorption rate (SAR) for wave-CAIPI SWI is
significantly larger than conventional SWI (mean ± standard
deviation, 0.044 ± 0.005 for wave-CAIPI vs. 0.016 ± 0.002
for conventional SWI, p < 0.001).

Agreement for the detection of CMBs
between conventional and wave-CAIPI SWI

For the detection of CMBs, the conventional and wave-CAIPI
SWI demonstrated 100% of agreement in the pooled analysis
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and for each observer (Table 2 and Fig. 1). For the exact
number of CMBs using the MARS, the conventional and
wave-CAIPI SWI also showed a high agreement of 94.5%
(Table 2). Wave-CAIPI SWI also achieved more than 97%
agreement of MARS score in all anatomical locations of brain
parenchyma, with excellent agreement (Supplemental Table 1
and 2).

Interobserver agreement for the detection of CMBs

Interobserver agreement for the presence and number of
CMBs following MARS was excellent in both conventional
and wave-CAIPI SWI (Table 3). Wave-CAIPI SWI demon-
strated a 99.5% agreement for the presence of CMBs and
88.4% for the number of CMBs. Moreover, all anatomical

locations except the right parietal lobe and temporal lobe dem-
onstrated more than good agreement (Supplemental Table 3).
In the right parietal lobe and temporal lobe, wave-CAIPI SWI
demonstrated relatively lower ICC in comparison with con-
ventional SWI.

Diagnostic performance of intracranial lesions

Thirty-three lesions from 28 patients were diagnosed using
both conventional and wave-CAIPI SWI. The diagnosis for
intracranial lesions using both conventional and wave-CAIPI
SWI demonstrated 100% agreement. The diagnosis included
10 acute or subacute hemorrhages (Fig. 2), 5 infarctions with
hemorrhagic transformation (Fig. 3), 13 old hemorrhage se-
quelae (3 superficial siderosis and 10 encephalomalatic

Table 2 The detection of CMBs between conventional and wave-CAIPI SWI

Conventional SWI Wave-CAIPI SWI Agreement
(n of agreement/total, 95% CI)

Kappa value/ICC
(95% CI)

Presence of CMBs†

Overall 35.6%
(129/362)

35.6%
(129/362)

100%
(362/362, 98.0–100.00)

1.00

Observer 1 35.4%
(64/181)

35.4%
(64/181)

100%
(181/181, 98.0–100.00)

1.00

Observer 2 35.9%
(65/181)

35.9%
(65/181)

100%
(181/181, 98.0–100.00)

1.00

MARS††

Overall 1.1 ± 2.7
(0–22)

1.1 ± 2.6
(0–20)

94.5%
(342/362, 90.1–97.3)

0.997
(0.996–0.998)

Observer 1 1.0 ± 2.6
(0–21)

1.0 ± 2.4
(0–18)

96.7%
(175/181, 92.9–98.8)

0.989
(0.985–0.992)

Observer 2 1.2 ± 2.8
(0–22)

1.2 ± 2.8
(0–20)

95.0%
(172/181, 90.8–97.7)

0.995
(0.993–0.996)

CMBs cerebral microbleeds, CI confidence interval, ICC intraclass correlation, MARS Microbleed Anatomical Rating Scale
† Presence of cerebral microbleeds is calculated by the number of the patients with cerebral microbleed/total number of patients
††MARS for conventional SWI and wave-CAIPI SWI were presented with mean ± standard deviation (range)

Fig. 1 Detection of CMBs using
conventional and wave-CAIPI
SWI. Two CMBs (arrow) in the
right thalamus are visualized well
in both conventional (a) and
wave-CAIPI SWI (b). CMBs,
cerebral microbleeds
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changes with old hemorrhage), 4 developmental venous
anomalies (Fig. 4), and 1 parenchymal calcification.
Furthermore, 5 patients with hypertensive arteriopathy and 7
patients with cerebral amyloid angiopathy were diagnosed
considering distribution of CMBs and show 100% diagnostic
agreement between two sequences.

Image qualities of wave-CAIPI SWI

The image quality scores of conventional and wave-CAIPI
SWI were comparable (median [interquartile range], 5 [5–
5] for conventional SWI vs. 5 [4–5] for wave-CAIPI SWI,
p = 0.20). The motion artifact of conventional and wave-
CAIPI SWI had no difference (5 [5–5] for conventional SWI
vs. 5 [5–5] for wave-CAIPI SWI, p = 0.10). The susceptibility
artifact of wave-CAIPI SWI was less for the visualization of
the basilar artery (3 [2–5] for conventional SWI vs. 4 [4–5] for

wave-CAIPI SWI, p < 0.001, Fig. 5) compared with conven-
tional SWI. Furthermore, susceptibility artifacts in the tempo-
ral lobes are less prominent in wave-CAIPI SWI (5 [5–5] for
conventional SWI vs. 5 [5–5] for wave-CAIPI SWI,
p < 0.001, Fig. 5) compared to those of conventional SWI.

Discussion

In this study, we demonstrated that wave-CAIPI SWI is a
feasible and reliable fast SWI method for the detection and
counting of CMBs compared to conventional SWI without
wave-CAIPI acceleration; scan time could be reduced by ap-
proximately 50% when using wave-CAIPI SWI. Moreover,
with wave-CAIPI SWI, the diagnosis of intracranial lesions,
including hemorrhages and hemorrhagic transformation after
strokes, shows 100% agreement with conventional SWI. The

Table 3 Interobserver agreement
of detection of CMBs on
conventional and wave-CAIPI
SWI

Agreement

(n of agreement/total, 95% CI)

Kappa value/ICC

(95% CI)

Presence of CMBs

Overall 99.5%

(360/362, 97.0–100.0)

0.988 (0.964–1.000)

Conventional SWI 99.5%

(180/181, 97.0–100.0)

0.988 (0.964–1.000)

Wave-CAIPI SWI 99.5%

(180/181, 97.0–100.0)

0.988 (0.964–1.000)

MARS

Overall 87.9%

(318/362, 82.2–92.2)

0.979 (0.972–0.984)

Conventional SWI 90.1%

(163/181, 84.7–94.0)

0.965 (0.954–0.974)

Wave-CAIPI SWI 88.4%

(160/181, 82.8–92.7)

0.947 (0.929–0.960)

CMBs cerebral microbleeds, CI confidence interval, ICC intraclass correlation, MARS Microbleed Anatomical
Rating Scale

Fig. 2 Hemorrhage on
conventional and wave-CAIPI
SWI. A scanty amount of
subarachnoid hemorrhage (arrow)
in the right temporal convexity is
diagnosed using both
conventional (a) and wave-CAIPI
SWI (b)
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image qualities of conventional and wave-CAIPI SWI are
comparable. Thus, we suggested that fast SWI, based on
wave-CAIPI, could be an alternative for conventional SWI
in daily practice. The wave-CAIPI technique-based fast SWI
could be beneficial to the widespread application of SWI,
especially in uncooperative patients with higher probabilities
of motion artifacts.

Controlling aliasing is a key issue toward the realization of
faster MRI with a high acceleration factor because increased
g-factor from the summation of aliased voxels induces noise
amplification in images with high parallel acquisition [16, 29].
Wave-CAIPI encoding plays sinusoidal gradients during the
readout to achieve a corkscrew trajectory in k-space and cause
voxel spreading effect in frequency encoding direction [17,
21]. The center of each corkscrew is arranged in a staggered
pattern according to 2D-CAIPIRINHA sampling scheme
(slice and phase encoding direction) [16, 17, 21]. The com-
bined effect of 2D-CAIPIRINHA and corkscrew k-space tra-
jectory of wave-encoding can result in a highly efficient k-
space sampling pattern and simultaneously maximize the dis-
tance between aliased voxels evenly in all spatial dimensions

(x, y, and z) [16, 17, 21, 29]. In addition, wave-CAIPI traverses
k-space in a line-by-line manner with constant velocity along
the frequency encoding direction; it has less undesirable im-
age distortion/blurring artifacts from magnetic field strength
variations. In the setting of the relatively lower bandwidth
readout (e.g., 100–400 Hz/pixel) of structural imaging, the
wave-CAIPI technique could be more effective because larger
corkscrew trajectories can be used for the effective spreading of
voxel aliasing compared to a higher bandwidth [29]. For the
SWI, wave-CAIPI SWI designed to be flow-compensated and
used dual echo time (TE) with the mean TE corresponds to the
desired TE to increase signal-to-noise ratio [21]. The reconstruct-
ed multiecho data were combined through root sum of square for
the magnitude and TE-weighted combination of the unwrapped
echo phases to generate wave-CAIPI SWI images [21].

We also note an interesting feature regarding less prominent
susceptibility artifacts of wave-CAIPI SWI in the air-bone in-
terface resulting in better visualization of the basilar artery and
both temporal lobes. The possible reason for the decreased
prominence of susceptibility artifacts is the use of dual TE of
wave-CAIPI SWI (first TE, 13.7 ms; second TE, 30.5 ms). The
first TE of wave-CAIPI SWI is shorter than the TE of conven-
tional SWI (20 ms). This shorter first TE contributes to the
reduction of susceptibility artifacts by allowing less time for
spin dephasing and increased the signal-to-noise ratio [30,
31]. Even though the mean TE of wave-CAIPI SWI is similar
to the TE of conventional SWI, the shorter first TE of wave-
CAIPI SWI could contribute to the decreased susceptibility
artifacts in the air-bone interface. Less prominent susceptibility
artifacts could have some advantage for the evaluation of pa-
tients with vascular pathology in the basilar and vertebral arter-
ies (e.g., dissection or intraluminal thrombus) and in patients
with larger sinuses or metallic devices. However, we also ob-
served less susceptibility of wave-CAIPI SWI which caused
slight blurring in the contour of vascular lesions such as devel-
opmental venous anomalies (Fig. 4), even though diagnostic
accuracy did not decrease. A previous study, which applied
multigradient-echo images for the reduction of susceptibility-
induced signal loss, demonstrated that macroscopic susceptibil-
ity artifacts caused by the tissue-air interface in the orbital fron-
tal cortex and temporal lobe are decreased in shorter TE images
compared with longer TE images [32]. They reconstructed im-
ages from different TEs using weighting factors to minimize
signal loss and better signal-to-noise ratio (long TEs for im-
proved signal-to-noise ratio in the brain area free from major
macroscopic field inhomogeneity and short TEs in the area
affected by field inhomogeneities such as orbitofrontal cortex-
es). For wave-CAIPI SWI, applying short TE would be helpful
to depict lesions inside severe macroscopic susceptibility arti-
facts. Simultaneously, it might slightly decrease mesoscopic or
microscopic susceptibilities, although this property does not
ruin the diagnostic performance of wave-CAIPI SWI.
Therefore, further clinical validations and investigations for the

Fig. 3 Early hemorrhagic transformation on conventional and wave-
CAIPI SWI. A 70-year-old male who had acute infarction (arrowhead)
in the left anterior cerebral artery territory in the diffusion weighted image
(a) did not have any CMBs in the infarct area in the initial conventional
SWI (b). However, newly developing CMBs (arrow), which suggest
petechial hemorrhage caused by early-stage hemorrhagic
transformation, are detected upon 4-day follow-up imaging (c and d).
Both conventional SWI (c) and wave-CAIPI SWI (d) demonstrate early
hemorrhagic transformation in the infarct area well. CMB, cerebral
microbleeds
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susceptibility effect and optimization of scan parameters for
wave-CAIPI SWI are warranted.

Simultaneously, wave-CAIPI SWI could have several draw-
backs in clinical applications. First, compared with conventional
SWI, wave-CAIPI SWI has higher levels of SAR and it might be
caused by dual echo time of wave-CAIPI SWI. However, SWI
based on the gradient echo images requires smaller
radiofrequencies to generate small flip angles compared to spin
echo images [33, 34]. Therefore, increased SAR from wave-
CAIPI techniques is not a main contributor of SAR hazard;
wave-CAIPI SWI demonstrated only 10% of SAR in a turbo
spin echoT2-weighted image in our institution. Second, previous
technical research suggested the possibility of worsened motion

artifacts in images using the wave-CAIPI technique [17]. On the
other hand, motion artifacts were comparable between two se-
quences in this study. We speculated that shorter scan time of
wave-CAIPI SWI had a decreased chance to encounter patient
motions during MRI scanning. The actual clinical implication of
wave-CAIPI sequences toward patients with higher probability
of motion artifacts seems to need further clinical validations.
Third, wave-CAIPI SWI needs more computational power for
image reconstruction from fewer data points, and awell-designed
multichannel coil system could take full advantage of the higher
acceleration of wave-CAIPI sequences.

There were also several limitations to note in this study. First,
selection bias could be introduced because this study was

Fig. 5 Susceptibility artifacts on
conventional and wave-CAIPI
SWI. Both orbitofrontal cortices
on conventional SWI are poorly
visualized due to a large extent of
susceptibility artifacts caused by
both ethmoid sinuses (a). The
extents of the artifacts are
decreased on wave-CAIPI SWI
(b). The basilar artery is hardly
visible on conventional SWI due
to susceptibility artifacts caused
by sphenoid sinus on
conventional SWI (c). However,
the patient's basilar artery (arrow)
is detected when using wave-
CAIPI SWI (d). The areas in both
temporal lobes which are
obscured by susceptibility
artifacts from mastoid air cells
and sphenoid sinuses are also less
obscured on wave-CAIPI SWI
(d) compared to conventional
SWI (c)

Fig. 4 Developmental venous anomaly on conventional and wave-CAIPI
SWI. A 42-year-old male who had dizziness underwent an MRI for
evaluation. Both conventional SWI (a) and wave-CAIPI SWI (b) are
well-visualized; the collection of dilated medullary veins converging in
an enlarged subependymal collector vein in the right temporal lobe

suggests a classical umbrella-shaped pattern of the developmental
venous anomaly. However, the margins of the developmental venous
anomaly are slightly blurred in wave-CAIPI SWI compared to that in
conventional SWI, even though detection of the focal lesion is not
affected by the decreased image quality
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performed at a single referral center. In this study, we proved the
high diagnostic performance of wave-CAIPI SWI for the detec-
tion of CMBs and various kinds of intracranial diseases. Based
on our results, further multicenter studies will be needed to val-
idate generalized applications of wave-CAIPI sequences.
Second, we focused on diagnostic performance for the detection
and counting of CMBs with fast SWI using wave-CAIPI.
Therefore, limited numbers of patients with intracranial lesions
were included, and the clinical implications of the use of wave-
CAIPI SWI for patients with specific diseases (such as hemor-
rhage or acute stroke) were not fully evaluated in this study.

In conclusion, wave-CAIPI SWI is a reliable method for the
detection and counting of CMBs within approximately half of
the scan time of conventional SWI without the wave-CAIPI
technique. For the diagnosis of intracranial lesions, wave-
CAIPI SWI demonstrated 100% agreement with conventional
SWI, and the image qualities of wave-CAIPI SWI and conven-
tional SWI are comparable. Considering reduced scan timewith
preservation of diagnostic performance, wave-CAIPI SWI
could be an alternative for conventional SWI in daily practice.
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