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The effects of labeling gap and susceptibility artifacts in
pCASL perfusion MRI
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Abstract

To report problems found in a patient who has implemented stent implantation and then conducted a
perfusion MRI using ASI(Arterial Spin Labeling), in order to suggest a solution to them. The perfusion MRI
was conducted, using pCASL among ASL methods. Data from pCASL(Pseudo Continuous Arterial Spin
Labeling) was acquired together with the structural image simply by changing position(labeling gap 15 mm,
170 mm) of the labeling pulse to avoid stent. Data was processed through the ASLtbx. When perfusion MRI
was acquired using pCASL, it showed that the position of the conventional labeling pulse (labeling gap 24 mm)
was overlapped with that of stent, which made signal intensity in right brain tissue appear as if it were void.
When the labeling pulse was positioned (labeling gap 15 mm) to avoid stent, high signal intensity images were
acquired. In labeling pulse (labeling gap 170 mm), the signal intensity was more reduced due to relaxation
before labeled blood arrived at the imaging slice. pCASL can be stably repeated measurements because it does
not use a contrast agent. And it should be selected with the appropriate image acquisition parameters for the

high quality image.
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I. INTRODUCTION

Based on the development of a variety of functional
imaging technology advances and hardware of Magnetic
Resonance Imaging (MRI) equipment, clinical application
of perfusion MRI has been helpful for diagnosis and
treatment!.  Perfusion MRI can  be divided into
endogenous and exogenous perfusion MRI. Exogenous
perfusion MRI methods, including perfusion CT-scan,
single photon emission Computed Tomography (SPECT),
Positron Emission Tomography (PET), are an invasive
method that require ionizing radiation and contrast
medium™®. Unlike exogenous perfusion MRI, Arterial Spin
Labeling(ASL) brain perfusion MRI is one of the
endogenous perfusion MRI methods using only blood in
the human body. ASL was developed in the early 1990s.
ASL is a method for obtaining an image by changing the
longitudinal magnetization of arterial blood using a Radio

Frequency (RF) pulsc[3’4].

The ASL requires no use of irradiation or injection of
exogenous contrast medium, and it allows for repeated
measuring of tissue blood flow and arterial transit time,
which is the reason why ASL is increasingly adopted in
clinical fields. Nevertheless, the ASL perfusion signals only
account for about 1-5 % of mean MR signals intensity
unless background suppression s used®. There are
disadvantages such as low Signal-to-Noise-Ratio (SNR), a
limited spatial resolution, inability to measure the volume
of tissue blood flow, and the noise due to external factors.
ASL also acquires control images and labeling images
using a labeling pulse. When metal substance for the
treatment or blood products, calcification, or air are
around the artifact  is

labeling pulse, susceptibility

represented as signal intensity void® %, Therefore, more
researchers are looking for optimized imaging parameters
in order to solve this problem, and more attempts to

develop more advanced technology are being made.

The purpose of this paper is to report the particular

case that a portion of the brain of patient who underwent

stent insertion that appeared as signal intensity void and to
solve this in attempts to present a solution through a
change in labeling pulse location. The patient took a
perfusion MRI using pseudo continuous arterial spin
labeling (pCASL) and echo-planar imaging (EPI). After
preprocessing using statistical parametric mapping (SPMS)
(http://filion.uclac.uk), all data was processed by ASLtbx

pCASL  that has combined

(https://cfn.upenn.edu).
advantages of continuous arterial spin labeling(CASL) and
pulsed arterial spin labeling(PASL) provide better (signal to
noise)SNR and reliable data for estimation of cerebral

blood flow(CBR)H 7 18]

I. MATERIAL AND METHOD

1. Image acquisition

In a patient (male, age 55) who visited the hospital

because of motor disturbance, the results of MRI
angiography and perfusion MRI using ASL showed a
difference in blood flow between right and left brain.
Stent insertion was implemented because the stenosis was
found on the common carotid artery. After stent insertion,
perfusion MRI using ASL was re-enforced in order to
check the progress. Image acquisition was performed on a

Philips ingenia 3.0 Tesla system (Philips medical systems,
best, the Netherlands) using 32-channel SENSE head coils.

The structural images were acquired using a EPI
sequence with the following parameters: TR = 3000 ms,
TE = 35 ms, FOV = 220X220 mm? slice thickness = 7
mm, voxel size = 2.29%2.29X7 mm’, bandwidth = 2052
Hz/pix, dynamic scans = 11. Pseudo continuous attetial
spin labeling was applied with the following parameters:
slice order = ascend, TR = 4000 ms, TE = 15 ms, FOV
= 220%220 mm?, slice thickness = 7 mm, voxel size =
2.29%2.29x7 mm’, bandwidth = 1847 Hz/pix, dynamic
scans = 25, label duration = 1650 ms ,post label delay =
1600 ms, labeling gap = 15/24/170 mm.
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2. Image processing and analysis

ASLtbx is operated, using MATLAB and SPM. This

toolbox provides functions of RAW image quality

checking, motion correction,  coregistration,  spatial
smoothing, CBF calculation, and outlier cleaning. All the
images were realigned by structure image in order to
reduce the noise caused by the patient's movement or
breathing and background suppression data of pCASL.
Then, the spatial smoothing to prevent signal fluctuation
and to spatial SNR of raw image was performed using the
3D isotropic Gaussian kernel of FWHM = 8 mm and
structure image. A CBF map was calculated using the ratio
of the intensity of control image and the perfusion
difference image obtained through a simple subtraction

method with a pair of control and label images.

. RESULT

The mean CBF map obtained by 16 slices (labeling gap
24 mm) and 12 slices (labeling gap 15/170 mm) through
ASLtbx in the patient who underwent stent insertion was
respectively shown in [Fig. 1]. The labeling gap refers to
the distance between the labeling pulse and the last slice
of the imaging slice which obtained the area of the image.
Each figure's mean labeling gap[Fig. 1-1a : 24 mm, Fig,
1-2b : 15 mm, Fig. 1-2¢ : 170 mm], and labeling thickness
is 20 mm. [Fig. 1-3a, b, ¢] indicated the mean CBF map
at each position of labeling pulse. The overall tissue of the
right brain appears as signal intensity void in [Fig. 1-3a],
[Fig. 1-3b] appears uniform and high in signal intensity
compated to [Fig. 1-3a] and [Fig. 1-3¢]. [Fig. 1-3c] appeats
low in signal intensity as compared to [Fig. 1-3a] and Fig.
1-3b).

Iv. DISCUSSION

In this study, it was confirmed that the tissue of the
right brain of the patient who underwent stent insertion at
common carotid artery appears as a signal intensity void

during clinical application. The position of the labeling

pulse was adjusted by changing the labeling gap and slice
number appropriately. The tissue of the right brain appears
as signal intensity void in labeling gap 24 mm, and stent
located around the labeling pulse results in a susceptibility
artifact. The labeling gap 24 mm which is set to the
default value in the device, indicated the distance with
label offset 90 mm, ot label distance, which is the distance
from the center of the labeling pulse to the center of the
imaging slice. A result of the acquisition of the image by
changing labeling gap 15 mm and labeling gap 170 mm in
order to avoid the susceptibility artifact by inserted stent, it
was possible to obtain the proper image in labeling gap 15
mm. In the case of labeling gap 170 mm, since the time
that labeled blood reaches the imaging slice was increased,
the signal intensity was reduced by relaxation before
labeled blood arrives at the imaging slice. For obtaining
high quality images by the ASL from normal patients,
several researchers have reported to be able to acquire that
high signal intensity when labeling pulse positions labeling

P or 74~94 mm" from the anterior

gaps 15~20 mm
commissure-posterior commissure line. However, as in the
present study, when metal material for the treatment,
blood products, calcification, or air are around the labeling
pulse, this area should be avoided to acquire images. Also,
if the time that labeled blood reaches the imaging slice is
increased, the distance between the labeling pulse and

imaging slice should be properly set since signal intensity

was reduced by time.

The limitations of this study are that the images were
not acquired by regular intervals from the inserted stent.
In order to obtain more reliable results, the result images
have to be acquired by setting the various positions of
labeling pulses. It is also necessaty to discuss which has

the highest signal intensity by comparing these results.

V. CONCLUSION

Development of brain perfusion MRI technologies
using the ASL method has been much help to clinical

researchers especially for diagnosis and treatment issues.
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However, if perfusion MRI is obtained from actual
patients, image parameters and methods of image
acquisition not only should be properly selected but also
prepared with a countermeasure for artifacts in metal
material, blood products, calcification, and air. The brain

perfusion MRI using the ASL can be possible with

repeated measurements to a patient because it does not
use a contrast medium. And also, the women of
childbearing age and children, patients who have a
riskfor radioactive material in a contrast medium, can

have the image stably acquired.

{
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Labeling gap |

Fig. 1. Changes in the results of mean CBF map corresponding to the position of the implanted stent and labeling pulse. The mean
CBF map can be changed according to the location of the labeling pulse, the surrounding environment, and the time that labeled
blood reaches the region of interest (ROI). Each letter a, b, and ¢ shows the mean of 2 mm, 15 mm, 170 mm of labeling gap
respectively and results of the mean CBF map by location of labeling pulse. The red arrow indicates an inserted stent.
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