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ABSTRACT

The diagnosis of neurovascular conflict (NVC) syndromes requires high accuracy in visualizing the relationship between cra-
nial nerves and vascular structures. Three-dimensional T2-weighted DRIVE sequences represent a well-established standard
for the evaluation of the intracisternal course of cranial nerves; however, they show limitations in distinguishing arterial
from venous com-ponents and in defining neurovascular contact points. The aim of this prospective study was to qualitati-
vely assess the advantages of the SDRICE post-processing technique, obtained through voxel-by-voxel subtraction of DRIVE
images from contrast-enhanced 3D T1-weighted images, compared with individual conventional sequences. Twenty-eight
patients undergoing brain MRI for suspected NVC and other pathologies of the pontocerebellar compartment were analyzed.
DRIVE, post-contrast 3D T1-weighted, and sDRICE images were evaluated by two radiologists and one MRI radiographer
with expertise in MRI, in terms of image sharpness and sig-nal-to-noise ratio (SNR), using a five-point qualitative scale.
Statistical comparison using the Friedman test revealed significant dif-ferences among the three techniques, with significantly
higher scores for sDRICE images in the visualization of cranial nerves and vascular structures (p < 0.05). sSDRICE images
demonstrated consistently high image quality and improved identification of the neu-rovascular conflict point. These findings
suggest that the sDRICE technique represents an effective complementary tool in the evalua-tion of NVC, enhancing diagno-

stic accuracy and supporting preoperative planning.

INTRODUCTION

The continuous evolution in the field of magnetic
resonance imaging (MRI) has profoundly improved
the diagnosis of neurovascular conflict (NVC) syn-
dromes, such as trigeminal neuralgia (TN) [1] and
hemifacial spasm (HFS). In this context, three-di-
mensional T2-weighted DRIVE (Driven Equilibrium
Radiofrequency Reset Pulse) sequences have beco-
me the mainstay of imaging protocols for detailed
visualization of the intracisternal course of cranial
nerves, the identification of nerve—vessel relation-
ships, and the assessment of pontocerebellar lesions.
Due to their excellent contrast resolution between
cerebrospinal fluid (CSF), nerves, and vessels, DRI-
VE images allow the identification of neurovascular
contact points [1].

However, despite their high spatial and contrast
resolution, T2-weighted sequences such as DRIVE
have significant limitations: in particular, they show
reduced sensitivity in cases of venous compression
and may make it difficult to distinguish arterial ves-
sels from venous structures or even from the adja-
cent parenchyma, especially in cases of partial or
ambiguous contact. Moreover, the absence of con-
trast medium reduces the ability to precisely cha-
racterize the actual spatial relationships between
nerves, vessels, and the brainstem.

To overcome these limitations, the sSDRICE techni-
que (subtraction of DRIVE from contrast-enhanced
T1-weighted imaging) has been introduced [2]. This
post-processing method employs a voxel-by-voxel
digital subtraction of a DRIVE sequence from a con-
trast-enhanced 3D T1-weighted sequence, acquired
with full patient cooperation to avoid motion ar-
tifacts. The resulting sDRICE images combine the
detailed nerve visualization typical of DRIVE se-
quences with the clear depiction of vessels enhan-
ced by gadolinium in the 3D T1-weighted images.
The result is a high-contrast subtraction image that
significantly improves the visualization of the con-
flict site, providing a precise depiction of the contact
point, including venous vessels.

The aim of the present study is to perform a quali-
tative comparison of DRIVE, contrast-enhanced 3D
T1-weighted, and sDRICE images, in order to eva-
luate the actual advantages of the latter in terms of
image sharpness and signal-to-noise ratio (SNR). The
ease of implementation, high sensitivity to NVC, and
improved visualization for surgeons make sDRICE
post-processing a natural and desirable evolution of
the DRIVE sequence in cases where precise diagno-
sis and preoperative planning are critical.
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MATERIALS AND METHODS

A prospective study was conducted in accordance
with good clinical practice guidelines and the prin-
ciples of the Declaration of Helsinki, on a cohort
of 28 patients, both male and female, aged 29-81
years (mean age: 56 years). Among these, two pa-
tients were excluded based on three criteria: motion
artifacts, presence of metallic implants causing field
distortion, and prior otoneurosurgery incompatible
with sDRICE analysis. Clinical indications included
NVC, vestibular nerve schwannoma, sensorineural
hearing loss, tinnitus, vertigo, and cranial nerve pal-
sy.

Brain MRI examinations were performed using a
Philips Ingenia 1.5T XTrend system, equipped with
a 45 mT/m amplitude gradient and 200 T/m/s slew
rate, utilizing a 24-channel Ds HeadCoil positioned
over the region of interest.

For each patient, following informed consent, a
low-thickness 3D T2-weighted DRIVE sequence
was acquired prior to contrast administration, fol-
lowed by a 3D T1-weighted post-contrast sequence.
The datasets were reconstructed with identical voxel
dimensions to ensure accurate subtraction and gene-
ration of sDRICE images during post-processing,
which requires matching voxel geometry between
the two sequences.

Sequence

Axial T23D 173ms  1500ms 180 x 180 mm 0.6x0.6x0.6

VFA Drive Rec(0.3x0.3x0.3)
(e10) ¢

Axial T1 3D 6.5ms 13ms 180 x 180 mm 1.0x1.0x0.6
FFE Rec(0.3x0.3x0.3)

Cur

Table 1. MRI acquisition parameters of 3D VFA DRIVE and
3D T1-weighted post-contrast sequences acquired on a Philips
Ingenia 1.5T  XTrend system.

During post-processing, made on Philips work-
station, the 3D T2-weighted DRIVE sequence was
subtracted voxel by voxel from the 3D T1-wei-
ghted sequence, generating high-contrast sDRICE
images characterized by the typical nerve detail of
DRIVE and the marked vascular visualization of
contrast-enhanced 3D T1-weighted images. The
resulting sDRICE images were carefully verified to
ensure that translations, rotations, and pulsation-in-
duced deformations did not introduce misregistra-
tion artifacts that could simulate or mask the actual
relationships between neural and vascular structu-
res. Specifically, it was confirmed that the nerves
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of interest remained fully visible and not partially
cancelled, that vessels were accurately depicted and
properly defined, and that the neurovascular contact
point represented a true finding rather than the re-
sult of incomplete subtraction.

DRIVE, 3D T1-weighted, and sDRICE images were
subsequently compared and evaluated in terms of
image sharpness and signal-to-noise ratio (SNR) by
two radiologists and one MRI radiographer with ex-
tensive experience in neuroimaging.

Sharpness and SNR were assessed regarding the
visibility of nerves, vessels, and pathology using a
five-point qualitative scale (1 = extremely blurred,
unusable image; 2 = blurred and difficult to interpret
image; 3 = adequate image with some unclear areas;
4 = good sharpness, easily interpretable image; 5 =
excellent sharpness, clearly defined image).

Mean scores and standard deviations were calcula-
ted for each sequence. Differences among DRIVE,
post-contrast 3D T1-weighted, and sDRICE images
were analyzed using the non-parametric Friedman
test for repeated measures. Interobserver reliability
was assessed using the Intraclass Correlation Coef-
ficient (ICC) to determine the degree of agreement
among evaluators. A p-value < 0.05 was considered
statistically significant.

nﬂ-“ﬂm . l.ﬂ -

640x640 P Fact 2.15 Var. 3.35 sec
640x640 P Fact 1.6 20° 4 80 - 3.47 sec
S Fact 1.2
REsuLTS

All patients completed the DRIVE and 3D T1-wei-
ghted sequences, from which sDRICE images were
generated via post-processing subtraction. The ima-
ges acquired from the 28 patients were evaluated by
two radiologists and one MRI radiographer.

The first radiologist’s mean scores for DRIVE and
3D T1-weighted sequences regarding the visibility
of cranial nerves, vessels, and NVC pathology, in
terms of sharpness and signal-to-noise ratio (SNR),
ranged from 4.08 to 4.92, with the highest va-
lues observed in the visualization of vessels in the
post-contrast 3D T1-weighted sequences, specifi-
cally optimized for vascular assessment. In contrast,
sDRICE images achieved a perfect mean score of
5/5 across all evaluations, demonstrating maximal
sharpness and SNR for cranial nerves, vessels, and
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pathology. Moreover, while DRIVE and 3D T1-wei-
ghted sequences showed moderate variability (SD =
0.3-0.4) in sharpness and SNR scores for cranial
nerves, SDRICE images had a standard deviation of
0 (SD=0), indicating consistent post-processing qua-
lity across all patients. Notably, improved definition
and detection were observed with sDRICE images
regarding the cisternal component of a lesion in a
patient with a right vestibular nerve schwannoma.
The second radiologist’s mean scores for DRIVE
and 3D T1-weighted sequences ranged from 3.63
to 4.56 for cranial nerve and vessel visibility, with
the highest values again observed for vessels in 3D
T1-weighted post-contrast sequences. sDRICE ima-
ges, however, reported mean scores of 4.9 for sharp-
ness and 4.7 for SNR in cranial nerve and vessel
visualization, clearly outperforming DRIVE and 3D
T1-weighted sequences. Regarding standard devia-
tion, DRIVE and 3D T1-weighted sequences showed
higher variability, with peaks of SD = 0.7 for sharp-
ness and SNR, whereas sDRICE images maintained
SD values between 0.2 and 0.4, confirming consi-
stent subtraction quality.

The MRI radiographer’s mean scores for DRIVE
and 3D T1-weighted sequences ranged from 3.22
to 3.96 for cranial nerve and vessel visibility. The
significant differences compared with sDRICE ima-
ges (mean 4.37-4.74) further highlight the impro-
vements in sharpness and SNR provided by the
subtraction post-processing. Variability in DRIVE
and 3D T1-weighted scores reached a maximum SD
of 0.60 for SNR in cranial nerve visibility, while
the maximum SD for sDRICE images was 0.48, also
for cranial nerve SNR, indicating greater qualitative
uniformity.

Statistical comparison using the Friedman test de-
monstrated significant differences among the three
sequences, with a significant increase in sharpness
and SNR scores for sDRICE images compared with
DRIVE and post-contrast 3D T'1-weighted images (p
< 0.05).

Figure 1. Boxplot of mean sharpness scores for cranial ner-
ves (average of the three evaluators per patient) obtained with
DRIVE, post-contrast 3D T1-weighted, and sDRICE sequen-
ces. The sDRICE technique shows higher values and minimal
variability compared to the other sequences (Friedman test, p
< 0.001).

The Friedman test was performed using ascending
ranks and assigning average ranks in case of ties.
Statistical analysis revealed a significant difference
among the three sequences in terms of sharpness for
cranial nerve visualization () =40.98; p < 0.0001)
and vessels (XZF =40.38; p < 0.0001). In cranial ner-
ve assessment, SDRICE achieved the highest mean
ranks, indicating superior visualization of micro-
scopic nerve structures compared with the other
sequences. For vessels, mean ranks were 1.04 for
DRIVE, 2.19 for 3D T1-weighted post-contrast, and
2.77 for sDRICE, indicating a clear advantage of the
subtraction technique. Effect size was high (Kendall’s
W = 0.78).

Regarding SNR evaluation, statistically significant
differences were also observed among sequences for
both cranial nerves (xZF =37.25; p < 0.0001) and
vessels (x2, =40.98; p < 0.0001). Mean ranks for
cranial nerve SNR were 1.37 for DRIVE, 1.67 for
3D T1-weighted post-contrast, and 2.96 for sDRI-
CE, confirming a significant advantage of the latter.
Interobserver reliability for sSDRICE post-processing
was assessed using the two-way random-effects mo-
del for absolute agreement [ICC (2,3)]. Analysis of
sDRICE evaluations by the two radiologists and the
MRI radiographer across all patients showed a low
ICC value, attributable to minimal variability among
patients, with most scores clustered at the maximum
scale value (ceiling effect). The low ICC does not
reflect poor agreement among raters but results
from the low inter-subject variability, as nearly all
patients received the maximum score for sDRICE
images.

Overall, these results demonstrate that sDRICE pro-
vides images with superior sharpness and SNR com-
pared with DRIVE and post-contrast 3D T1-wei-
ghted sequences individually. Observed differences
were statistically significant in the Friedman test.
High interobserver reliability, expressed by ICC va-
lues, confirms the consistency of the evaluations and
the robustness of the results obtained. (Fig.2-Fig.3)

DiscussioN

The study results demonstrate that the sDRICE
subtraction technique provides a significant quali-
tative improvement in image quality compared with
DRIVE and post-contrast 3D T1-weighted sequen-
ces considered individually. In particular, the high
sharpness and improved signal-to-noise ratio (SNR)
observed in sDRICE images allow for a more ac-
curate visualization of the anatomical relationships
between cranial nerves and vascular structures, a
critical factor in the diagnosis of neurovascular con-
flict syndromes. Although 3D T2-weighted DRIVE
sequences offer excellent spatial resolution and con-
trast between cerebrospinal fluid and neural structu-
res, they show limitations in vascular characteriza-
tion, especially in cases of venous compression or
partial contact. Integration with post-contrast 3D
T1-weighted images allows for better vascular com-
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Figure 2. A 42-year-old female patient with right-sided tinnitus. On the left a 3D DRIVE sequence, in the middle a 3D T1 TFE
CE sequence, on the right a sDRICE sequence acquired in the same plane. The sDRICE image clearly enhances the neurovascular
contact between the right anterior inferior cerebellar artery (AICA) and the root entry zone (REZ) of the ipsilateral vestibuloco-

chlear nerve.

Figure 3. Internal auditory canal MRI in a 57-year-old female patient with suspected neurovascular conflict following glos-
sopharyngeal neuralgia. Comparison between 3D DRIVE (on the left) and 3D T1 TFE CE (in the middle versus 3D sDRICE
(on the right) on the same plane. The sDRICE images demonstrate superior sharpness, improved SNR, and enhanced anatomical
accuracy in defining the neurovascular conflict between cranial nerve IX and the AICA.

partment identification but does not always provide
a clear definition of the neurovascular contact point.
The sDRICE technique overcomes these limitations
by combining the advantages of both acquisitions,
producing high-contrast images in which nerves and
vessels are simultaneously well-defined.

Statistical analysis confirmed a significant increase
in sharpness and SNR scores for sDRICE images,
with a large effect size, highlighting the clinical re-
levance of the findings. The low variability of scores
and the observed ceiling effect explain the low ICC
value, which should not be interpreted as poor in-
terobserver agreement but rather as a consequence
of the high and uniform quality of sDRICE images.
From a practical MRI radiographer perspective, the
sDRICE technique represents a relatively simple
post-processing method, provided that strict acqui-
sition conditions and high patient cooperation are
ensured. This makes the method particularly va-
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luable in settings where surgical planning requires
an extremely precise depiction of the neurovascular
conflict.

CONCLUSIONS

The sDRICE post-processing technique proved su-
perior to DRIVE and post-contrast 3D T'1-weighted
sequences in the qualitative assessment of sharpness
and signal-to-noise ratio in the evaluation of neu-
rovascular conflict syndromes. The high quality and
consistency of the images obtained allow for im-
proved identification of the contact point between
cranial nerves and vascular structures, including
conflicts of venous origin. Integrating sDRICE into
MRI protocols dedicated to the study of the pontoc-
erebellar compartment provides valuable diagnostic
support and a useful tool for preoperative planning,
highlighting the important role of the MRI in opti-
mizing advanced imaging.
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