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Intravoxel incoherent motion imaging has its improvement-evaluating ability in lower limb
perfusion after endovascular therapy in individuals with lower extremity arterial disease.
Here, we present a 70-year-old man with intermittent claudication of the left lower limb,
whose microperfusion on intravoxel incoherent motion imaging improved after endovas-
cular therapy. The patient underwent intravoxel incoherent motion imaging of the lower
extremities pre- and postendovascular therapy. After endovascular therapy, the left ankle
brachial index increased from 0.46 to 1.06. The mean perfusion-related coefficient (10-3
mm?/s) of the left lower limb increased from 19.70 + 3.17 to 24.81 £ 3.41, and mean per-
fusion fraction (%) of the left lower limb slightly increased from 24.41 + 0.96% to 25.20 +
1.89% after endovascular therapy. Therefore, successful revascularization can improve mi-
croperfusion on intravoxel incoherent motion imaging in a patient with lower extremity
arterial disease.
© 2022 The Authors. Published by Elsevier Inc. on behalf of University of Washington.
This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)

Introduction

revascularization approach and to verify artery patency after
treatment. However, these methods cannot evaluate improve-
ment in microvascular perfusion of the extremities. By evalu-

Patients with lower extremity arterial disease undergo exami-
nations such as the ankle-brachial index test, magnetic res-
onance angiography (MRA), and computed tomography an-
giography (CTA). CTA and MRA are performed routinely to
assess the distribution of stenoses or occlusions to plan the

ating the perfusion, it is possible to grasp whether the perfu-
sion is increased by endovascular therapy (EVT) and whether
the wound healing is expected after EVT in chronic limb-
threateningischemia patients, which is useful for deciding the
next treatment policy.
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Intravoxel incoherent motion (IVIM) imaging can evaluate
perfusion and diffusion, simultaneously [1]. IVIM is the mi-
croscopic translation of water molecules generated per im-
age voxel on magnetic resonance imaging (MRI). These move-
ments include water diffusion and microcirculation (perfu-
sion) in tissue capillaries. When the diffusion-weighted imag-
ing (DWI) signal is fitted to the IVIM model’s advanced equa-
tion, the true diffusion coefficient (D), perfusion-related coeffi-
cient (D*), and perfusion fraction (f) are calculated via biexpo-
nential fitting analysis. IVIM is often evaluated on oncologic
imaging [2-6]. However, IVIM imaging has not been widely
used to evaluate limb perfusion [7]. In addition, IVIM imaging
with the simplified IVIM techniques on 3T MRI to assess lower
limb perfusion in a few minutes has not been reported.

Here, we report a case of intermittent claudication of the
left lower limb, whose microperfusion on IVIM imaging im-
proved after EVT.

Case report

History

A 70-year-old man presented with intermittent claudication
of the left lower limb (Rutherford category 3). The initial CTA
determined the location of atherosclerotic lesions that could
be effectively treated with endovascular revascularization. Re-
sults showed left superficial femoral artery occlusion, catego-
rized into type A based on the TransAtlantic InterSociety Con-
sensus Il classification system and stage I (FP1IPO) according
to the Global Limb Anatomical Staging System classification
system.

EVT procedure

Vascular access was gained percutaneously by establishing an
antegrade left common femoral artery puncture. Left super-
ficial femoral artery occlusion was observed on digital sub-
traction angiography (Fig. 1A). Vessel preparation was per-
formed using a balloon (Sterling; Boston Scientific Japan,
Tokyo, Japan), and stent deployment was conducted using a
fluoropolymer-coated paclitaxel-eluting stent (Eluvia; Boston
Scientific Japan, Tokyo, Japan). Fig. 1B shows the digital sub-
traction angiography images after EVT. Significant hemody-
namic improvement was noted after EVT, and the left ankle-
brachial index increased from 0.46 to 1.06. Intermittent claudi-
cation of the left lower extremity (Rutherford category 3) dis-
appeared after EVT.

IVIM imaging

The patient underwent lower extremity IVIM imaging prior to
and 2 days after EVT. Further, 3T MRI (Ingenia Elition X, Philips
Medical Systems, Best, the Netherlands) was performed. Sig-
nal excitation and detection were performed using a standard
quadrature RF birdcage body coil and a 20-channel head/neck
coil, respectively. The conventional qualitative imaging proto-
col included a short-tau inversion recovery (STIR) sequence
(repetition time = 5207 ms, echo time = 65 ms, inversion

A

Fig. 1 - Left SFA occlusion and stent deployment. (A) DSA.
Left SFA occlusion was observed. Stent deployment was
performed using a fluoropolymer-coated paclitaxel-eluting
stent (Eluvia; Boston Scientific Japan, Tokyo, Japan). (B) DSA
after endovascular therapy. Revascularization in the left
SFA was revealed. SFA, superficial femoral artery; DSA,
digital subtraction angiography.

time = 220 ms), obtained in axial planes at the lower ex-
tremities to detect edematous changes due to infection or os-
teomyelitis. In total, 25 consecutive 3.5-mm thick slices and
an in-plane spatial resolution (pixel size) of 0.97 x 1.97 mm?
(field of view = 280 x 280 mm, matrix size = 288 x 142, and
reconstruction matrix = 288 x 512) were obtained using se-
quences. The pixel bandwidth was 516.7 Hz/pixel. The acquisi-
tion time of STIR sequence was about 1 min. For IVIM estima-
tion, turbo spin-echo DWI with STIR lower limb axial images
were acquired using different b-values (0, 300, and 1000) as fol-
lows: number of slices = 25, repetition time = 7461 ms, echo
time = 130 ms, inversion time = 250 ms, flip angle = 90°, field
of view = 280 x 280, matrix size = 135 x 133, and slice thick-
ness = 3.5mm. DWI with STIR allows a robust and more ho-
mogenous fat suppression, resulting in improved sensitivity
to magnetic field inconsistencies, improved contrast-to-noise
ratio, and reduced image distortion [8]. In addition, this study
has used the subsecond diffusion-sensitive MRI with the mod-
ified fast spin-echo acquisition technique [9]. The DWI with
STIR examinations, which lasted about 3 minutes, were con-
ducted at a stable room temperature set at 24°C.

IVIM imaging analysis

We performed IVIM imaging with the simplified IVIM tech-
niques using an image analysis system (SYNAPSE VINCENT;
Fujifilm Medical, Tokyo, Japan), and used the standard IVIM 2-
compartment diffusion model, which included capillary per-
fusion and nonvascular compartments. The following biexpo-
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Fig. 2 - D*maps before and after EVT. (A) D*map before EVT. (B) D*map after EVT. The improvement in perfusion was
revealed. D*, perfusion-related coefficient; EVT, endovascular therapy.

nential equation was used to estimate signal decay:

% =(1-f)-exp(-=b-D)+ f-exp[-b- (D + Dx)],

where D is the true diffusion coefficient and D* is the
perfusion-related coefficient. The capillary blood velocity is a
factor in determining D* [10]. For each b-value, there is an as-
sociated signal intensity (SI), a zero-level signal intensity (SIO)
at b = 0 s/mm?, and a perfusion fraction (f). The measured
signal at b = 0 s/mm? was used to set the SIO. At selected b-
values (0, 300, and 1000 s/mm?), the straight line slope passing
through 2 logarithmic Sls at b-values of 300 and 1000 s/mm?
is equivalent to D. Further, f is the difference between the
line intercept and SI0. D* was obtained with the Levenberg-
Marquardt method using the above biexponential equation on
an image analysis system (SYNAPSE VINCENT; Fujifilm Medi-
cal, Tokyo, Japan). On each of the 25 slices, the areas of interest
were set around the entire foot or distal lower leg. The mean
D* (10-3 mm?/s) and f (%) were calculated pre- and post-EVT.

Improvement in D* and f after EVT

After EVT, mean D*(10~3 mm?/s) of left lower limb increased
from 19.70 + 3.17 to 24.81 + 3.41 (Fig. 2, Table 1). Mean f (%)
of the left lower limb slightly increased after EVT from 24.41 +
0.96% to 25.20 + 1.89%. Therefore, successful revascularization
could improve microperfusion on IVIM imaging in our patient
who presented with lower extremity arterial disease.

Table 1 - Improvement in D* and f (%) after EVT

Left lower limb

Pre Post
Mean D* (103 ™m?/s) 19.70 £ 3.17 24.81 + 3.41
Mean f (%) 24.41 £+ 0.96 25.20 + 1.89
ABI 0.46 1.06

ABI, ankle-brachial index; EVT, endovascular therapy; D*, perfusion-
related coefficient; f (%), perfusion fraction.
Mean D* and f (%) of the left lower limb increased after EVT.

Discussion

We report an IVIM imaging with the simplified IVIM tech-
niques on 3T MRI for lower limb perfusion assessment, which
was obtained in a few minutes. Improvement in microperfu-
sion after a successful EVT was observed on IVIM imaging.
CTA and MRA can reveal revascularization of stenoses or oc-
clusions. However, they cannot evaluate improvement in mi-
crovascular perfusion of the extremities. Transcutaneous as-
sessments of oxygen partial pressure and skin perfusion pres-
sure can evaluate tissue perfusion on a small area or a few
skin points. However, they cannot supply anatomic informa-
tion. Mean D*(10~3mm?/s) of the left lower limb increased af-
ter EVT, while mean f (%) of the left lower limb slightly in-
creased after EVT. In the present case, there was only the in-
termittent claudication of the left lower limb (Rutherford cat-
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egory 3), and the f (%) was expected to be maintained. If there
were resting pain, ulcer or necrosis (Rutherford categories 4-
6), the f (%) might be low before EVT and more increase after
EVT.

A simplified IVIM method based on DWI from 3 b-values

was used in this current case. Only 3 b-values are required
to calculate the D and f values [1]. The simplified IVIM tech-
niques for oncologic imaging have been used in previous stud-
ies [2,11,12], with the true diffusion component extracted us-
ing b-values ranging from 200 to 500 s/mm?. The D* value
was obtained with the Levenberg-Marquardt method using
the biexponential equation including the D and f values.
The D and f values are determined by selected 3 b-values
in a simplified IVIM method. Therefore, the previous stud-
ies [2,11,12] were referred for deciding the b-values. We used
300 s/mm? as the cutoff b-value in this study. Further re-
search is required to determine the optimal b-value to rule
out the perfusion effect. In addition, reducing the number
of b-values can shorten scan time and improve the clinical
efficiency.

Conclusion

We present a 70-year-old man with intermittent claudication
of the left lower limb, whose microperfusion on IVIM imaging
was noted to improve after EVT. Thus, we can conclude that
IVIM imaging can evaluate improvement in lower limb perfu-
sion after EVT.
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