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ABSTRACT

Purpose: The T1-weighted Magnetization Prepared  still inspect other sequences for GBCE to achieve more
Rapid Acquisition Gradient Echo (T1 MPRAGE) sequence  accurate diagnostic images. This study aimed to eval-
is widely adopted for gadolinium-based contrast en-  uate the effectiveness of Phase Sensitive Inversion Re-
hancement (GBCE) for brain lesions, but researchers  covery (PSIR) in evaluating brain lesions post-GBCE.
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Material and Methods: Retrospective data collec-
tion from one radiology unit included 44 patients with
Brain lesions. The patients underwent brain Magnetic
Resonance Imaging (MRI) with GBCE using a 1.5 Tesla
MRI scanner. GBCE analysis on MPRAGE and PSIR se-
quences involved quantitative assessments based on
the contrast ratio (CR), contrast enhancement (CE), and
contrast-to-noise ratio (CNR) for MPRAGE.

Results: PSIR CNR was slightly higher than T1-
MPRAGE, while T1-MPRAGE was more effective in
CE and CR. The average lesion CNR was 38.4 for T1-
MPRAGE, and increased to 41.3 for PSIR without a sig-
nificant difference p-value > 0.05. For CE, the average
lesion CE in T1-MPRAGE was 0.75, and significantly de-
creased to 0.36 for the PSIR sequence p-value < 0.001.
The CR in T1-MPRAGE exhibited an average value of
1.2, while PSIR's average value significantly decreased
to 0.67, p-value < 0.001. However, the CR and CE were
higher in PSIR for some lesions.

Conclusion: Although PSIR post-GBCE imaging can
enhance the visualisation of certain brain lesions, in
some cases, it cannot replace T1 MPRAGE for routine
clinical use. However, PSIR post-GBCE can be combined
with T1-MPRAGE to improve lesion evaluation.

Introduction

MRI is widely recognised for its superior soft tissue
contrast and non-invasive capabilities, making it a crit-
ical diagnostic tool for brain lesion detection. PSIR is an
MRI sequence that has drawn attention for its potential
to enhance lesion visibility. PSIR offers improved CNR
and reduces artefacts, which can help in the identifica-
tion of subtle pathological changes in brain tissue [1].

PSIR imaging benefits from its phase-sensitive na-
ture, which allows for precise tissue differentiation
and improved lesion conspicuity compared to MPRAGE.
The ability of PSIR to detect low signal intensity (SI) le-
sions or differentiate complex structures could provide
a diagnostic advantage in challenging cases, such as
multiple sclerosis (MS), gliomas, and metastases [2] [3]
[4] [5]. The GBCE is essential for some pathologies [6].
And it should be administered according to the clinical
needs [7]. However, different works employed different
sequences post-GBCE, such as susceptibility-weighted
imaging (SWI) [8], Fluid-Attenuated Inversion Recovery
(FLAIR) [9] and PSIR [10]. Each work achieved different
benefits and limitations, so selecting a new sequence
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post-GBCE can sometimes add benefits.

Ping Hou et al. mentioned in their work that the
PSIR sequence can detect GBCE enhancement in Brain
lesions [10]. No work in our literature has evaluated
brain lesions for PSIR post-GBCE compared to standard
T1 post-GBCE for different Brain lesions. This study ad-
dresses this challenge by comparing the diagnostic per-
formance of PSIR post-GBCE imaging with T1 MPRAGE
sequences for brain lesion evaluation and characteri-
sation. This work employs quantitative assessment for
lesions, including CE, CR, and CNR.

Methods

Scanner, Patients and Sequences

MRI scans were performed using a Siemens MAG-
NETOM ESSENZA 1.5 Tesla system equipped with PSIR
and MPRAGE sequences. A head-and-neck 16-channel
coil was used for all scans. Retrospective data collec-
tion achieved ethical approval from the institutional
research and ethics review committee (413/REC/2024).
Data collection included 44 patients diagnosed with
various brain lesions; among these patients, 27 un-
derwent PSIR pre-GBCE and post-GBCE imaging, while
17 received only PSIR post-GBCE. All 44 patients were
scanned using T1 MPRAGE pre-GBCE and post-GBCE se-
quences.

Quantitative analysis

Region-of-interest (ROI) analyses were employed for
both PSIR and T1-MPRAGE; lesion size and region were
accounted for during analysis, with ROI placement spe-
cific to each lesion and other ROI in surrounding nor-
mal tissue. Mean signal intensity (SI) and the standard
deviation (SD) values were recorded for post-GBCE and
pre-GBCE sequences. The following metrics were used
for quantitative analysis:

Contrast Ratio (CR)

CR was calculated according to Equation 1, and the

calculation was performed on PSIR and MPRAGE post-
GBCE images [11]:

S,
Contrast Ratio (CR) = R
Slesi(m
Equation 1
Where S is the mean signal intensity within the
lesion, S is the mean signal intensity (SI) in the

surrounding normal tissue [12].
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Contrast Enhancement (CE)

CE was defined by Equation 2; the CE measurements
require pre-GBCE and post-GBCE to be achieved [13].

S‘!post _S‘!pre
Shyre
Equation 2

Contrast Enhancement (CE) =

Where S, is the SI of lesion post-GBCE, and SI__ is
the SI of lesion pre-GBCE brain [13]. This calculation
was performed for 27 patients only on PSIR due to the
absence of PSIR pre-GBCE.

Contrast-to-Noise Ratio (CNR)
CNR measure two tissues or object's differentiation

and the effect of noise on the differentiation; CNR was
calculated according to Equation 3 on post-GBCE se-
quences [11].

CNR = S[iesfun - S"norma!
SDbackgmund .
Equation 3
Where SD is the standard deviation (SD) of the

background
SI in a region outside the brain (typically in air) [14],

and SI. . and SI are the SI values of the lesion and

lesion normal

Figure 1: Regions of interest (ROIs) in different imaging
sequences: (A) T1 MPRAGE pre-GBCE illustrating the lesion;
(B) T1 MPRAGE post-GBCE displaying enhancement of the
lesion; (C) PSIR pre-GBCE image; (D) PSIR post-GBCE image
demonstrating slight lesion enhancement and prominent
wall enhancement.
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surrounding normal tissue, respectively. The work
published by Qing Fu et al. employed the white matter
(WM) as normal tissue (SInormal), and in their second
measurement, they employed the grey matter (GM) as
normal tissue [5]. In this work, we used WM as SInormal
only because WM appears bright on T1, and contrast
media also appears bright. We aim to measure CNR be-
tween two bright tissues.

Quantitative measurements were carried out using
RADIANT DICOM viewer software, with ROIs placed
over lesion, background, and normal WM as depicted
in Figure 1. The ROIs placed on lesions varied according
to lesion size to minimise variability in SI due to differ-
ent compositions and to avoid including normal tissue.
At the same time, ROIs placed on normal tissue were
placed on nearby WM tissue. The background noise or
SD was measured using ROIs placed between bone and
image border, with appropriate size to eliminate SD
fluctuations within the measured areas.

The measured SI and SD of different lesions on both
sequences were arranged in Microsoft Excel, and the SI
and SD were employed to measure CR, CE, and CNR ac-
cording to the suggested equations. A statistical t-test
was performed to compare CR, CE, and CNR of both se-
quences, with a p-value of 0.001 considered a signifi-
cant difference.

Results

Contrast ratio (CR)

The CR for the MPRAGE sequence was significantly
higher compared to the PSIR sequence (p < 0.001). The
CR values for PSIR ranged from 1.2 to 0.18, with an av-
erage of 0.67, while the CR values for MPRAGE ranged
from 0.88 to 3.4, with an average of 1.7.

E PSR B MPRAGE

CR

1
0.5

-0,5

Figure 2: The contrast ratio (CR) for the lesion, comparing
values obtained from the MPRAGE and PSIR sequences.
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Contrast enhancement (CE)

MPRAGE also demonstrated significantly higher con-
trast enhancement (CE) compared to PSIR (p < 0.001).
MPRAGE CE values ranged from 0.0 to 2.4, with an av-
erage of 0.75, while PSIR CE values ranged from 0.00 to
0.81, with an average of 0.36.

W PSIR I MPRAGE
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Figure 3: Contrast enhancement (CE) for the lesion, as
observed in both the MPRAGE and PSIR sequences.

Contrast to noise ratio (CNR)

There was no significant difference between MPRAGE
and PSIR in terms of the CNR (p > 0.05). MPRAGE CNR
values ranged from 1.5 to 264.6, with an average of 38.3,
while PSIR CNR values ranged from 3.1 to 170.8, with an
average of 41.5.

B PSIR B MPRAGE

300
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CNR
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Figure 4: Figure 4 Contrast to noise ratio (CNR) for the
lesion, the results from the MPRAGE and PSIR sequences
post-GBCE.

Discussion

The findings of this study demonstrate that MPRAGE
post-GBCE imaging generally provides better CE and
lesion visibility than PSIR for most brain lesions. The
superiority of MPRAGE can be attributed to its dark
background and dark bone signals, as shown in Fig-
ures 5, 6, and 7. The dark background and bone allow
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for enhanced lesions by GBCE to stand out more dis-
tinctly [15]. This aligns with existing literature, where
T1-weighted post-GBCE sequences like MPRAGE are
routinely used for their ability to highlight GBCE that
accumulate in lesions [16] [17].

However, the assessments reveal that PSIR has wors-
ened specific scenarios. For example, in vestibular
schwannomas, the bright bone hides the enhanced le-
sion that extends from the auditory nerve. In contrast,
in some cases of MS lesions, PSIR provided better lesion
border delineation and higher CR. In some cases, the
differentiation between active and inactive MS lesions
was more pronounced in PSIR images, as shown in Fig-
ure 5. However, the differentiation between active and
inactive MS is a clinical concern [7], [18], and research-
ers are still developing new techniques to differentiate
between active and inactive MS [2], [19], [20]. The ob-
tained results in this work add benefits in distinguish-
ing between active and inactive MS.

Contrast Ratio (CR)
Overall, the CR was higher for MPRAGE, indicating
superior lesion GBCE. However, in certain MS cases,

Figure 5: Displays an MS case with imaging across four
sequences: (A) PSIR pre-GBCE, (B) PSIR post-GBCE, (C)
MPRAGE pre-GBCE, and (D) MPRAGE post-GBCE.
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presented in Figure 5, the visualisation of active MS
enhanced by GBCE is more evident in PSIR than in
MPRAGE.

This finding suggests that it may be more effective
in visualising active MS lesions in some cases. Howev-
er, PSIR’s efficiency in detecting MS lesions without
GBCE is conducted by different works [3], [21], [22]. Our
results showed the ability of PSIR to differentiate be-
tween active and inactive MS lesions in PSIR post-GBCE.
Previous research has also noted the strong correlation
between contrast enhancement and clinical outcomes
[15], and the Improvement of diagnostic precision is es-
sential in MS [23].

Contrast Enhancement (CE)

The enhanced conspicuity of GBCE in MPRAGE se-
quences allows for more precise differentiation of le-
sion components, which is particularly important in
assessing lesion vascularity [24] [25]. Ping Hou et al.
concluded that the PSIR sequence is less sensitive to
small T1 values such as GBCE [10], their work results
support our findings, and the detection of contrast en-
hancement using PSIR is less than T1 MPRAGE. MPRAGE
outperformed PSIR for most lesion types, except for
some lesions. As shown in Figure 6, the lesion in the
PSIR sequence displays better contrast enhancement
than the MPRAGE sequence. Figure 6 demonstrates that
the lesion is brighter with a higher signal.

Figure 6: Comparison of an enhanced lesion imaged using
two sequences: (A) MPRAGE post-GBCE, and (B) PSIR post-
GBCE.

Contrast-to-Noise Ratio (CNR)

The WM to GM CNR was higher in PSIR compared to
other T1 sequences without GBCE [10]. In this work, le-
sion CNR in PSIR post-GBCE was higher due to a lower
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noise index (SD). In contrast, the SI of enhanced lesions
in T1-MPRAGE was higher. However, the final results of
Equation 3 indicate a higher CNR for PSIR compared to
T1 MPRAGE. The PSIR sequence suppresses the oedema-
tous tissue beside the lesion. The lesion visibility and
CNR are enhanced due to more signal differences be-
tween the suppressed dark area around the enhanced
tissue by GBCE, as shown in Figure 7.

PSIR suppresses oedematous tissues surrounding le-
sions while enhancing lesion borders, making it par-
ticularly valuable in some instances, such as glioblas-
tomas (GBM) and cystic schwannomas. However, the
visualisation of brain oedema is critical [26] because
oedematous tissue can be treated and become healthy
after neurosurgery [27].

The suppressed oedematous tissue and enhanced le-
sion spots-GBCE are expected to help the neurosurgeon
in the surgery plan for brain lesions. In addition, PSIR
enhances differentiation between WM and GM, which is
essential in identifying brain anatomy [3].

Figure 7: Comparative imaging of glioblastomas (GBM)
using two post-GBCE sequences: (A) MPRAGE post-GBCE,
which provides a conventional representation of the lesion,
and (B) PSIR post-GBCE, which offers an alternative GBCE-
enhanced view for better delineation of tumour margins.

The diagnostic limitations of PSIR were evident when
evaluating tumours near bright structures, such as
bone. The bright signal from the bone in PSIR images
often obscured the lesion, making it challenging to dif-
ferentiate between the lesion, the bone, and the back-
ground. The lesion should be intra-axial to avoid these
limitations. MPRAGE, with its dark background, pro-
vided superior visualisation of particular lesions, such
as vestibular schwannomas extending into the internal
auditory canal, which was more easily visualised on
MPRAGE compared to PSIR, where the dark bone signal
did not interfere with lesion visibility.
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This study's primary limitation is the relatively small
sample size of 44 patients, which may not fully repre-
sent all brain lesion types.

Additionally, not all patients underwent PSIR pre-
GBCE, so CE in 17 cases was not assessed. Further studies
with larger patient populations and complete imaging
datasets will be necessary to fully validate these find-
ings and explore the complementary roles of MPRAGE
and PSIR in clinical practice.

Also, we recommend including histopathology lap re-
sults with classification of CR, CE, and CNR according to
pathology, as well as qualitative assessments by board-
ed radiologists to offer better background knowledge
about PSIR post-GBCE.

VOLUME I1 | ISSUE 1

Conclusion

While MPRAGE post-GBCE remains the superior se-
quence for most lesions, PSIR shows promise as a sup-
plementary tool for specific lesion types like MS, cyst-
ic Schwannoma, and GBM, particularly in cases where
lesion background is suppressed, and precise border
delineation is crucial. Combining both sequences could
offer clinicians a more comprehensive diagnostic ap-
proach, improving lesion detection and characterisa-
tion in various brain pathologies. R
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