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Abstract: Background: multiple sclerosis (MS) is a chronic inflammatory disease that affects the central nervous system
(CNS). Its diagnosis is characterized by foci of demyelination, disseminated over time and anatomical space, both clinically
and radiologically. Consensus guidelines for the diagnosis of MS have been established to identify the proper sequences and
imaging technique. Objective: this study aims to investigate the adherence of Taif hospitals to these consensus guidelines.
Method: data were collected from the radiology departments of 3 main hospitals in Taif (King Abdul-Aziz Specialist Hospital,
King Faisal Medical Complex, and Al-Hada Hospital for Armed Forces). The standard magnetic resonance imaging (MRI)
protocol for MS in each hospital was reviewed using the picture archiving and communication system (PACS). The
comparisons were based on the strength of the magnetic field, slice thickness, slice orientation, coverage, and the MR core
sequences used. Results: each Taif hospital has its own protocol, which differ from consensus guidelines. The main difference
is the hospitals’ lack of 3D sequences. Another difference is the lack of inversion recovery prepared T1 sequences. Finally, for
follow-up patients, no contrast administration exists in Taif hospitals. Conclusion: this study shows some major differences in
the MS protocols among Taif hospitals. This is probably due to poor awareness of the guidelines in the radiology community.
Neuroradiologists at Taif hospitals should ensure the recommended protocol is followed.
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1. Introduction
Multiple Sclerosis (MS) is a chronic inflammatory disease
that affects the central nervous system (CNS). It is
characterized by foci of demyelination, disseminated over
time and anatomical space [1]. MS is among the most
common non-traumatic causes of neurological disabilities in
young adults. The onset typically occurs from the ages of 20
to 40 with the peak in the mid-30s [2]. The estimated number
of people with MS worldwide has increased from 2.1 million
in 2008 to 2.3 million in 2013 [3]. Evidence shows that this
increase is due to the heightened incidence of the disease
among women, as the female to male ratio is approximately
2:1 [4]. The prevalence of MS varies significantly around the
world, with the incidence lower in equatorial regions [3]. In
Saudi Arabia, although it has been estimated that there are
approximately 30 MS cases per 100,000 people, most
available studies are hospital-based and lack regional and
national investigations of MS prevalence [5].

The diagnosis of MS is largely based on McDonald
Criteria that was established in 2001 [6] and subsequently
revised [7–9]. McDonald Criteria incorporate both clinical
evaluation and imaging techniques disseminated both in
space (DIS) and time (DIT) to provide a faster and more
accurate diagnosis. Imaging provides critical information in
the diagnosis of MS, especially magnetic resonance imaging
(MRI). It is also capable of distinguishing the disease from
similar disorders as the white matter lesions increase with
age among the general population [10]. This is because, on
average, MRI is 5 to 10 times more sensitive to
demyelination than other imaging techniques [11]. In
addition, MRI is important to monitor the progression of the
MS and the response to therapy that has been hampered by
inconsistent protocols and poor timing [12]. This fact
suggested the need for a standardized protocol that identifies
when and how MRI should be used to investigate MS in
order to accelerate diagnosis [11]. DIS in imaging is
demonstrated by the presence of one or more hyperintense
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lesions in 2 or more brain regions, i.e., cortical,
periventricular, juxta-cortical, or infra-tentorial. DIT is
demonstrated by the presence of gadolinium-enhanced or
non-enhanced lesions in 2 different scans.
Evidence based on expert guidelines of MS imaging were
first included in 2003 and followed by several modifications
in an attempt to enable early detection, monitoring, and
(therefore) management of the disease [13, 14]. Since then,
the use of MRI for MS diagnosis has been expanded to
facilitate the assessment and monitoring of treatment [10–12,
15]. The aim of this article is to identify Taif hospitals’
adherence to the guidelines of MS imaging as described by
Traboulsee and his colleagues [12]. This is important to
facilitate better diagnosis and treatment.

2. Methods
Data were collected from the radiology departments of 3
main hospitals in Taif (King Abdulaziz Hospital, King Faisal
Medical Complex, and Al-Hada Hospital for Armed Forces).
The standard MRI protocol for MS in each hospital was
reviewed using the picture archiving and communication
system (PACS). This protocol is typically used with patients
who are diagnosed with MS or are clinically suspicious.
Therefore, this protocol was reviewed to identify to what
extent it adheresx to the standardized MS protocol revised by
Traboulsee and his colleagues [12] (see Table 1). The
comparisons were based on the strength of the magnetic field,
slice thickness, slice orientation, coverage, and the MR core
sequences used.
Table 1. The standardized MRI protocol for MS.
Field strength
Coverage
Section thickness
Slice orientation

Core sequences

Optional sequences

≥1.5 T
Whole-brain
≤ 3 mm
Along the subcallosal line for axial slices
3D inversion recovery–prepared T1 gradient echo
Gadolinium single dose, 0.1 mmol/kg given for 30
seconds
3D sagittal T2WI FLAIR
3D T2WI
2D axial DWI (5-mm sections, no gap)
3D FLASH (non-IR prep) post-gadolinium
For follow-up, gadolinium is always recommended
Axial proton attenuation
Pre- or post-gadolinium axial T1 spin-echo (for
chronic black holes)
SWI for identification of central vein within T2
lesions

2 mm (as shown in Table 2). The protocol begins with the
same protocol of all brain MRI scans (axial T1, T2 and
FLAIR, and sagittal T1WI), then 3 more sequences are added
(3D sagittal that uses double inversion recovery to null the
signal from both CSF and white matter, 3D sagittal FLAIR,
and sagittal T2 FLAIR). After the administration of 10 ml of
gadolinium, the protocol includes 2 more sequences (axial
and sagittal T1). For follow-up cases, the hospital repeats the
same protocol but without the administration of contrast
media.
Secondly, at King Abdul-Aziz Specialist Hospital, the
magnetic strength of the MR machine is 1.5T (both MR
machines are 1.5T, GE). The MS protocol is comprised of 10
sequences, and the slice thickness ranges from 1 to 3.6 mm
(as shown in Table 3). In addition to the routine MRI brain
sequences, the protocol in this institution utilizes the
magnetic susceptibility sequence (SWAN). Similar to the
protocol at King Faisal Medical Complex, follow-up cases
here require repetition of the protocol but without the
administration of contrast media.
Finally, at Al-Hada Hospital, the magnetic strength of the
MR machine is 1.5T (both MR machines are 1.5T, Siemens).
The MS protocol is comprised of 10 sequences, and the slice
thickness is less than 2 mm or 5 mm for DWI sequence (as
shown in Table 4). In addition to the routine MRI brain
sequences, the protocol in this institution utilizes
hemorrhagic GRE pulse sequence (Hemo). Similar to the
protocols at King Faisal Medical Complex and King AbdulAziz Specialist Hospital, follow-up cases here require
repetition of the protocol but without the administration of
contrast media. In addition, all 3 hospitals implement 2D
sequences with varied slice gaps and brain coverage from the
foramen magnum to the superior border of the head.
Moreover, the orientation of the axial slices is across the
anterior-posterior commissure axis or just parallel with the
genu and splenium of the corpus callosum.
Table 2. The MS protocol at King Faisal Medical Complex.
Field strength
Slice thickness
Coverage

Core
Sequences

3. Result
The MRI protocols for MS at King Faisal Medical
Complex, King Abdul-Aziz Specialist Hospital, and Al-Hada
Hospital are shown in Table 2, Table 3, and Table 4,
respectively. Firstly, at King Faisal Medical Complex, the
magnetic strength of the MR machine is at least 1.5T (there
are 2 MR machines, 1.5T and 3T). The MS protocol is
comprised of 8 sequences, and the slice thickness is less than
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1.5 T and 3 T
< 2 mm
Base to vertex of brain
Axial T1WI
Axial T2WI and FLAIR
Sagittal T1WI
Axial DWI
In case of detection of MS they add 3 more sequences:
Sagittal CUBE DIR WM Null
Sagittal CUBE FLAIR
Sagittal T2 FLAIR
Axial and sagittal T1 post contrast
Follow-up cases they use the same protocol except
without contrast media

Table 3. The MS protocol at King Abdulaziz Specialist Hospital.
Field strength
Slice thickness
Coverage
Core Sequences

1.5 T
= 3.6 mm
Whole brain
3D axial SWAN
3D sag. T2 FLAIR –CUBE
Axial DWI
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Axial T1 PROPELLER.
Axial T2 Flair PROPELLER
Axial T2 PROPELLER
Coronal T2 PROPELLER
Sagittal T1 FLAIR
Axial and sagittal T1 post contrast
No contrast for follow-up cases
Table 4. The MS protocol at Al-Hada Hospital for Armed Forces.
Field strength
Slice thickness
Coverage

Core Sequences

1.5 T
< 2 mm
Whole brain
Axial DWI (1.5 mm gap and 5 mm slice thickness)
Hemo T2 axial (GRE)
Axial T2 FSE
Axial Flair
Axial T1 FSE
Sagittal T1
T1 FSE (axial, sagittal and coronal) post contrast
No contrast for follow-up cases

4. Discussion
MS is one of the most common neurological diseases. MRI
is an essential technique to differentiate between MS and other
white matter lesions. Therefore, we aim to investigate the
adherence of Taif hospitals to the standardized MRI protocol
recommended by Traboulsee and his colleagues [16]. The
results of this study show that adherence to the standardized
protocol varies among the hospitals. First of all, in terms of
magnetic field, all 3 hospitals’ machines are at least 1.5T. This
is important as the magnetic field strength affects the signal
intensity and, thus, the quality of the image. Higher magnetic
fields (greater than 1.5T) would be superior in terms of image
quality and ability to detect signal abnormalities [17–19].
Stronger magnetic fields have drawbacks, however, such as the
high cost and associated risks. Secondly, the brain coverage
and slice orientation in each hospital follow the recommended
protocol. The importance of this is that the radiologist can
detect changes over time.
Furthermore, although the MRI scanners are advanced and
capable of producing 3D images, the protocols in all 3
hospitals tend to favor 2D images. This is problematic since
2D images feature slice gaps. The main reason for this
tendency might be that 3D images take more time to
complete compared with 2D images, which may present an
issue when treating a large number of patients and processing
long waiting lists. However, because 3D images have a
higher sensitivity for MS lesions in the periventricular region,
deep white matter, juxta-cortical region, and infratentorial
region [20, 21], they are always recommended in MR
protocol.
In addition, sequences in the Taif hospitals’ protocol differ
greatly from the recommended protocol. First of all, we
noticed that the protocols at all Taif hospitals have a sagittal
T1WI sequence that is not mentioned in the recommended
protocol. This sequence might be necessary, given the lack of
3D sequences in Taif hospitals. Secondly, a susceptibility
weighting sequence in the MR protocol is recommended to

increase the chance of detecting white matter lesions [22].
This sequence is absent at King Faisal Medical Complex and
has been replaced by double inversion recovery to null
signals coming from the white matter. Thirdly, 3D inversion
recovery prepared T1 gradient echo is absent in the protocols
at Taif hospitals. This sequence is important for volumetric
measurements as well as the detection of lesions in the juxtacortical and infratentorial regions [12, 23]. Fourthly, the
sagittal T2WI FLAIR sequence recommended by the
standardized MS protocol is absent at Al-Hada Hospital. This
should be reconsidered since lesions in the corpus callosum
and juxta-cortical region are better visualized in the sagittal
plane [12]. Finally, it is always recommended to administer
gadolinium contrast to MS patients (whether for a new
diagnosis or follow-up) to detect new brain lesions and to
rule out tumors and leptomeningeal diseases, for example
[24]. Unfortunately, this is not applied in all Taif hospitals, as
only suspected cases are given the contrast agent.

5. Conclusion
In summary, because the diagnosis of MS is based on
clinical symptoms and radiological findings, a suitable MRI
protocol recommended by experts in the field should be
followed. This study shows some major differences in the
MS protocols among Taif hospitals. We have also shown that
the adherence to MS protocol is inadequate, particularly
related to 3D sequences. This is probably due to the
radiology community’s poor awareness of the guidelines.
Neuroradiologists at Taif hospitals should ensure that
recommended protocol is followed. A further study could
assess the level of knowledge and awareness of
neuroradiologists regarding such matters.
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