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The Inferior Cerebellar Peduncle Sign: A Novel Imaging
Marker for Differentiating Multiple System Atrophy
Cerebellar Type from Spinocerebellar Ataxia

Chae Y. Lim, “¥Yujin Seo, Beomseok Sohn,

ABSTRACT

Minjung Seong,

Sung T. Kim, ¥ Sungjun Hong, Jinyoung Youn, and

Eung Y. Kim

BACKGROUND AND PURPOSE: The hot cross bun (HCB) sign is a hallmark feature of multiple system atrophy with predominant
cerebellar ataxia (MSA-C), typically observed in advanced stages of the disease; however, it can also present in other conditions
such as spinocerebellar ataxia (SCA), making the differentiation challenging. The middle cerebellar peduncle (MCP) sign may be observed
in various medical conditions and in healthy individuals. We hypothesized that the inferior cerebellar peduncle (ICP), known to be
affected in MSA-C, may exhibit hyperintensity on FLAIR imaging, potentially aiding in differentiating MSA-C from SCA.

MATERIALS AND METHODS: Medical records of 153 patients with probable MSA-C and 72 genetically confirmed SCAs from a single insti-
tution were reviewed retrospectively between January 2012 and June 2023. MRI was performed using 3T scanners. The ICP sign was deemed
positive when the bilateral ICP signal intensity exceeded that of the medulla oblongata on axial FLAIR images. MCP and HCB signs were
also evaluated. Two independent neuroradiologists evaluated all MRIs, and interobserver agreement was assessed using k statistics.
Univariable and multivariable logistic regression analyses identified predictive features, and diagnostic performance was assessed.

RESULTS: The ICP sign was more prevalent in patients with MSA-C (65%) compared with those with SCA (6.9%; P < .001). The HCB
and MCP signs were more frequent in patients with MSA-C (n =110 and n=134) than in those with SCA (n=19 and n=30; P <
.001). The ICP sign demonstrated the highest specificity (95%) for predicting MSA-C, with an area under the curve (AUC) = 0.82,
respectively. The MCP sign exhibited superior sensitivity (87%) but lower specificity and AUC compared with the ICP sign.
Combining the ICP and MCP signs improved the AUC to 0.86. Integrating clinical features (age, sex, and disease duration) with
imaging features yielded excellent diagnostic performance, with an AUC = 0.98.

CONCLUSIONS: The ICP sign on FLAIR imaging has high specificity in distinguishing MSA-C from SCA. Integrating clinical and imaging
features further enhances diagnostic accuracy, potentially improving the differential diagnosis in clinical settings of cerebellar ataxia.

ABBREVIATIONS: AUC = area under the curve; HCB = hot cross bun; ICP = inferior cerebellar peduncle; ICI = integrated calibration index; IQR = inter-
quartile range; MCP = middle cerebellar peduncle; MDS = Movement Disorder Society; MSA = multiple system atrophy; MSA-C = multiple system atrophy

with predominant cerebellar ataxia; SCA = spinocerebellar ataxia

In 2022, the Movement Disorder Society (MDS) revised the
2008 consensus criteria for diagnosing multiple system atrophy
(MSA), addressing concerns about the limited diagnostic sensi-
tivity and accuracy of the original criteria, hindering potential
treatment opportunities for patients with MSA.! The updated
criteria introduced additional brain MRI markers for diagnosing
clinically established and probable MSA, supplementing the
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existing criteria such as atrophy of the putamen and infratento-
rial structures (pons and middle cerebellar peduncle).” The
updates include increased putamen diffusivity on DWT and the
hot cross bun (HCB) sign on T2-weighted images, underscoring
the expanded role of MRI biomarkers in diagnosis.>”” However,
this HCB sign typically appears in later stages of MSA and may
also occur in other conditions, posing a challenge in distinguish-
ing MSA with predominant cerebellar ataxia (MSA-C) from
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SUMMARY

PREVIOUS LITERATURE: The HCB sign is a characteristic imaging marker of MSA-C, but it can also be present in patients with
SCA, limiting its diagnostic specificity. The MCP sign has also shown limited utility due to its presence in various conditions and

healthy individuals. Previous pathologic studies have shown involvement of the ICP in MSA-C, but its potential as a diagnostic

marker on conventional MRI remains unexplored.

KEY FINDINGS: The ICP sign demonstrated high specificity (95%) and diagnostic performance (AUC = 0.82) for differentiating
MSA-C from SCA. Integration of clinical features with imaging markers, including the ICP sign, achieved excellent diagnostic accuracy

(AUC = 0.98).

KNOWLEDGE ADVANCEMENT: We established the ICP sign as a novel, highly specific imaging marker for MSA-C diagnosis using
conventional FLAIR imaging. The integration of this sign with other imaging and clinical features provides a comprehensive diag-

nostic approach for distinguishing MSA-C from SCA.

spinocerebellar ataxia (SCA)—a crucial differential diagnosis in
patients with ataxia, given the similarity of their symptoms;
however, the grave prognosis of MSA-C is due to progressive
autonomic dysfunction and nigrostriatal symptoms associated
with a-synucleinopathy.®°

The inferior cerebellar peduncle (ICP) is a bundle of fibers
connecting the cerebellum to the medulla oblongata and spinal
cord, comprising the restiform and juxtarestiform bodies.""
Previous postmortem studies have identified ICP as the earliest
structure damaged by a-synucleinopathy, leading to glial cyto-
plasmic inclusions and demyelination of affected sites in
patients with MSA-C.">'? This observation led researchers to
hypothesize that ICP hyperintensity on T2 FLAIR images
might reflect these pathologic alterations, potentially serving as
a distinct marker for MSA-C. To investigate this hypothesis,
we examined its occurrence in our patient cohort and com-
pared it with patients with SCA used as controls. We also
assessed the diagnostic performance of ICP hyperintensity and
developed a multivariable prediction model incorporating
other known brain MRI markers to distinguish MSA-C from
SCAs, aiming for more accurate differentiation between these
conditions.

MATERIALS AND METHODS

Patient Selection and Baseline Data Collection

This study was approved by the institutional review board of
Samsung Medical Center (IRB, 2023-08-001-001). All methods
adhered to relevant Standards for Reporting Diagnostic Accuracy
Studies (STARD) checklist and regulations, and a waiver of
informed consent was granted by the institutional review board
(Supplemental Data). Medical records of patients with suspected
MSA-C and genetically confirmed SCAs from a single institution
were retrospectively reviewed. Between January 2012 to June
2023, one hundred seventy-nine patients with MSA-C were ini-
tially identified; eventually, 153 patients were included on the
basis of the second consensus diagnostic criteria of MSA-C."'*
Patients with a static course, lacking autonomic failure as
described in the criteria, or presenting with other explicable
causes of cerebellar ataxia were excluded. Furthermore, in those
who manifested initial symptoms before 50years of age, SCA
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panel tests were conducted to exclude the possibility of autosomal
dominant cerebellar ataxia.

Regarding SCA, 80 patients with positive genetic test findings
visited our center in the same period. Patients in the MSA-C and
the SCA group were included if their MRI scans were obtained at
the onset of symptoms. Patients whose MRI findings were unavail-
able or unsuitable for assessment were excluded, resulting in 72
patients with SCA being included (Fig 1). Baseline characteristics
such as sex, age of onset, and disease duration at the time of the
MRI acquisition were obtained. Disease duration was calculated
from the symptom onset, on the basis of medical records, indicat-
ing any of the following features: gait disturbance due to imbal-
ance or slowness; dysarthria; hand incoordination; postural
dizziness, or syncope; urinary incontinence or retention; erectile
dysfunction; dizziness unexplained by otologic problems or pos-
tural change; decreased visual acuity; parkinsonism; and

.. 15,16
dystonia.

MRI Acquisition and Analysis
MRI was performed using 3T scanners (Achieva, Ingenia, Ingenia

CX, Philips Healthcare; and Genesis, Signa, GE Healthcare) with a
standard 16-to-64 channel head coil. Image acquisitions were

Patients with suspected MSA-C according to
the medical record of the institution
between January 2012 and June 2023

Patients with positive genetic tests
of SCA (n = 80)

Patients with MSA-C based on the second
consensus diagnostic criteria

Patients who underwent brain MRI scans

!

\ MSA-C patients (7 = 179)

Exclusion (MSA-C) Exclusion (SCA)

a) Static course (n = 10) a)  Unavailable or

b) Lack of autonomic failure (n = 8) unsuitable MRI scan
[ c¢) Other causes of cerebellar ataxia (n = 8) (n=238)

Patients with MSA-C (n = 153)
Patients with SCA (n =72)

FIG 1. Study flow chart.



conducted as follows: 1) axial T2-weighted images: TR, 3000-4083
ms; TE, 80-99 ms; echo-train length = 15-16 ms; and 5.0-mm
thickness); 2) axial T2 FLAIR: TR, 9000-11,000 ms; TE, 103.5-125
ms; echo-train length = 0-38 ms; and 5.0-mm thickness); 3) sagit-
tal T1-weighted images: TR, 9.9-416 ms; TE, 4.6-9 ms; echo-train
length = 16-240 ms; and 5.0-mm thickness).

The ICP sign was considered positive when the signal inten-
sity of the bilateral ICPs was higher than that of the medulla
oblongata on axial FLAIR images (Fig 2). The MCP sign was
marked as present or absent on the basis of MCP hyperintensity
on T2-weighted and FLAIR images (Fig 3)."”'” The HCB sign
was considered present when both horizontal and vertical lines

FIG 2. Representative cases of positive/negative ICP signs. A, A 45-year-old woman presented
with cerebellar ataxia. A FLAIR image reveals increased signal intensity in the bilateral inferior cer-
ebellar peduncles (arrows; arrowheads in an inset) compared with the medulla. The patient was
diagnosed with MSA-C. B, In the T2 FLAIR image of a 48-year-old man diagnosed with spinocere-

bellar ataxia, no ICP sign is seen.

_-Initial:

were observed in the pons,3 whereas the vertical line sign was
considered present when observed either as an isolated vertical
line or as the vertical component of cruciform hyperintensity in
the pons.”® Cerebellar atrophies were visually evaluated regarding
the vermis and hemispheres.”"** Two independent neuroradiol-
ogy specialists (B.S. and C.Y.L.) blinded to clinical information
evaluated all MRIs. In cases of discrepancy between the 2 neuro-
radiologists, the analysis was decided by a consensus between
them. The presence of MCP, ICP, HCB, and vertical line signs
was assessed on axial FLAIR images. Cerebellar atrophies were
assessed on sagittal T1-weighted images.

Statistical Analysis: Development and Assessment of the
Prediction Model

We explored the complete data set to
identify and select variables for predict-
ing MSA-C. Clinical and imaging fea-
tures were summarized by median with
range or frequency with percentage,
depending on variable types and com-
pared between the MSA-C and SCA
groups using the Student ¢, Mann-
Whitney U, x°, and Fisher exact tests
as appropriate. Interobserver agree-
ment was measured by k statistics.
Using features with high predictive val-
ues in the exploratory univariable anal-
ysis, we underwent multivariable
logistic regression, with a stepwise
variable selection using the Akaike in-
formation criterion. For model devel-

opment and internal validation, we

Follow-up

FIG 3. FLAIR imaging in a 53-year-old man who presented with cerebellar ataxia. The initial imaging (left) showed high signal intensity in both in-
ferior cerebellar peduncles (arrows), defined as the ICP sign. However, the MCP sign was not evident. On 15-month follow-up MRI (right), the
ICP sign was again noted (arrowheads), and both the HCB and MCP signs appeared. The patient was diagnosed as having MSA-C.
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Table 1: Demographic characteristics and frequency analysis of MRI findings®

men (55%) with a median age of

Total MSA-C SCA P 59 years, ranging from 19 to 81 years of
Variables (n = 225) (n = 153) (n=72) Values age (Table 1).
Clinical features ( ) ( ) ( ) The median age at diagnosis dif-
Age® 59 (53-65 60 (56-67 53 (44-61 <.001 B
Disease duration (yr)? 3 (1-5) 2 (1-3.3) 5 (2-1) <.001 fered betw.een the- MSA C and SCA
S groups, with patients with MSA-C
Male 124 (55)° 79 (52) 45 (63) 204  being older (median age, 60 years;
Female 101 (45) 74 (48) 27 (38) interquartile range [IQR], 56-67 years)
Imgglng features 053 compared with patients with SCA (me-
canner X .
A 182 (81) 19 (78) 63 (88) dian age, 53 years; IQR, 44-61 years; P
B 6(27) 4(26) 2(2.8) <.001). Similarly, disease duration dif-
C 36 (16) 30 (20) 6(83) fered; patients with MSA-C had a
b 1(0.4) 0(0.0) 1(14) shorter median disease duration
IcP s1gn 105 (47) 100 (65) 5(6.9) <.001 (2years; IQR. 1-3.3 years) compared
HCB sign 129 (57) 10 (72) 19 (26) <.001 M i se .
MCP sign 164 (73) 134 (88) 30 (42) <po1  With those with SCA (Syears; IQR, 2-
Cerebellar atrophy 191(85) 135 (88) 56 (78) 065 11 years; P <.001).
Vertical line 180 (80) 132 (86) 48 (67) .01l In terms of image acquisition, scan-

*Data are presented as median (Ist quartile, 3rd quartile).
© Percentages in parenthesis.

Table 2: Univariable and multivariable logistic regression analyses for predicting the

MSA with predominant cerebellar ataxia group

ner A was the most frequently used in
both groups (78% in MSA-C and 88%
in SCA), and the Fisher exact test
showed no significant difference in scan-
ner distribution between the 2 groups

Univariable Analysis

Multivariable Analysis

(P = .053). The distribution of sexes

across the groups demonstrated no dif-

Variables OR 95% Cl  PValue OR 95% Cl P Value ference (P — .204). These patients were
Age 10 LO7A4 <001 16 1094128 <001 divided into training and test cohorts
Disease duration (yr) 077 070-0.85  <.001 063 053-075  <.001 ) ) & o ’
Sex (male) 158  0.89-2.8] 7 with the baseline characteristics sum-
Scanner (A)? 202 091447 .084 marized in Supplemental Data. Both
ICP sign (absence) 257 978-679 <.001 327 5744186  <.00I cohorts were balanced for the MSA-C
AU sign (absence) 731 38838 <001 rate and were not statistically differ-
MCP sign (absence) 10.4 528-20.6  <.001 16.8  5.08-55.8  <.001
Cerebellar atrophy (absence)  2.27 1.07-4.81 .032 ent (all, P > .05).
Vertical line (absence) 330  1.67-6.54 .001

*Scanner A (the most frequently used scanner type) is the reference, with the OR calculated for other scanner
types combined. The reference category for each variable is presented in parentheses.

used stratified random sampling to divide the data set into
training (70%) and test (30%) cohorts, maintaining balanced
proportions of MSA-C and SCA cases in each cohort.

Diagnostic outcomes were evaluated using the area under the
receiver operating curves (AUC) with various other measures,
including sensitivity and specificity. Calibration was assessed by
drawing calibration plots using a locally-weighted scatterplot
smoothing curve to illustrate the relationship between the pre-
dicted and observed probability of MSA-C. All statistical proce-
dures were performed using R Software (Version 4.1.0; http://
Www.r-project.org/).

RESULTS

Patient Characteristics

Among the 225 patients in our study, 153 (68%) were diagnosed
with MSA-C on the basis of the MDS criteria for the diagnosis of
MSA, while 72 (32%) were diagnosed with SCA. The SCA group
included 7 subtypes: SCA1 (4 patients), SCA2 (21 patients),
SCA3 (18 patients), SCA5 (11 patients), SCA6 (8 patients), SCA7
(5 patients), and SCA36 (5 patients). The cohort included 124
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Imaging Analysis

Imaging findings of the participants are
summarized in Table 1. The presence
of the ICP sign was more common in
patients with MSA-C (65%, n=100) compared with those with
SCA (6.9%, n=5; P < .001). All 5 patients with SCA with the
ICP sign were the SCA2 subtype. The HCB, MCP, and vertical
line signs were also more prevalent in patients with MSA-C,
occurring in 110 (72%), 134 (88%), and 132 (86%) of cases,
respectively, compared with 19 (26%), 30 (42%), and 48 (67%) in
patients with SCA (P < .001, P < .001, and P = .011). Cerebellar
atrophy was observed in patients with MSA-C (88%, n=135)
and those with SCA (78%, n = 56; P = .065). Interobserver agree-
ment of those findings is summarized in the Supplemental Data.
Except for cerebellar atrophy, other imaging findings exhibited
substantial interobserver agreement.

Muiltiple Logistic Regression Analysis for Predicting the MSA-C
In the multivariable logistic regression analysis, age remained a
strong predictor (OR, 1.16; 95% CI, 1.09-1.28; P < .001). Disease
duration demonstrated an inverse relationship in the multivari-
able analysis (OR, 0.63; 95% CI, 0.53-0.75; P < .001). Among
imaging features, the ICP and MCP signs were significant predic-
tors in the multivariable analysis (OR, 32.7; 95% CI, 5.74-186;


http://www.r-project.org/
http://www.r-project.org/

Table 3: Diagnostic performance of imaging and clinical features for predicting the MSA
with the predominant cerebellar ataxia group

Parameters Sensitivity”  Specificity  F1 Score AuC® P Value®
ICP 0.69 [3/45]  095[20/21] 073  0.82(0.74-0.90) _
McP 0.87[39/45] 048[10/2 069  0.67 (0.55-0.79) 029
HCB 0.69 [31/45]  0.71[15/21] 064 070 (0.58,0.82) 052
ICP + MCP 0.62[28/45] 095[20/2] 070  0.86(0.78-0.98) 4
Integrated model®  0.87 [39/45]  1.00 [21/21] 0.88  098(0.96-100)  <.001

Note:—The en dash indicates not applicable.

®Data in brackets indicate the number of corresponding patients for each of the metric.

lower than that of the ICP sign (0.67;
95% CI, 0.55-0.79; P = .029). The HCB
sign demonstrated moderate sensitivity,
specificity, and AUC (0.70; 95% CI,
0.58-0.82). When we combined the
ICP and MCP signs, which were inde-
pendently predictive of MSA-C in the
multivariable  analysis, its AUC
improved to 0.86 (95% CI, 0.78-0.98),

® Data in parentheses are 95% Cls with the DeLong test.
P values of AUCs compared with ICP as a reference.

9Integrated model includes the ICP, MCP sign, age, and disease duration as variables.

AUROC — MCP:0.671 — ICP:0.821 — MCP+ICP: 0.861 — Integrated : 0.983

though not different from ICP alone (P
= .114). When we integrated clinical
and all evaluated imaging features, it
demonstrated excellent diagnostic per-
formance with a sensitivity of 87%
and a specificity of 100%. The F1

score was 0.88, and the AUC was

1.00

0.751

0.501

sensitivity

0.001

—— 7| notably high at 0.98 (95% CI, 0.96-

1.00), outperforming the ICP sign
alone (P < .001). In subgroup analysis
patients  with  early
v (<3years) and late (=3 years) disease

. comparing

il duration, the AUC of the ICP sign did

not significantly differ between those
2 groups (0.83 and 0.77, respectively,
P = .187). Notably, in the early disease
phase, combining the ICP and MCP
signs significantly improved diagnos-
tic performance (AUC = 0.92) com-
pared with either ICP sign alone (P <
.001) or the MCP sign alone (P =
.005), achieving both high sensitivity
(94%) and specificity (74%, Supple-
mental Data).

We further assessed the reliability
of these imaging predictors and mod-
els using the calibration plots and
measures (Fig 5). The ICP model
showed reliable calibration (intercept =

0.50
1 - specificity

FIG 4. Receiver operating curves of ICP, MCP, combined ICP and MCP signs and the integrated
clinicoradiologic model for predicting MSA-C. The AUCs of the ICP sign, MCP sign, and combined
ICP and MCP signs are 0.82, 0.67, and 0.86, respectively. The integrated model shows the highest

diagnostic performance (AUC = 0.98, 95% Cl, 0.96-1.00).

P < .001; OR, 16.8; 95% CI, 5.08-55.8; P < .001), highlighting
its importance (Table 2).

Diagnostic Performance of Imaging and Clinical Features

The diagnostic performance for 2 imaging features (the ICP and
MCP signs) and their combinations, the HCB sign and the inte-
grated imaging and clinical feature (age, sex, and disease dura-
tion) model are summarized in Table 3 and Fig 4. Among them,
the ICP sign had the highest specificity (95%) and AUC (0.82;
95% CI, 0.74-0.90) for predicting MSA-C compared with other
imaging biomarkers. The MCP sign exhibited the best sensitivity
(87%); however, its specificity was <<50%, with its AUC being

0.12, slope = 1.25), closely approximat-
ing the reference line with a small inte-
grated calibration index (ICI) of 0.03.
The MCP model demonstrated sys-
tematic underestimation (intercept =
—0.13) with
(slope = 0.71) and an increased ICI of
0.61. The combined model (ICP and
MCP signs) showed systematic overestimation (intercept = 0.30)
with slightly moderate predictions (slope = 1.17) and ICI of 0.62.
While the integrated imaging and clinical model maintained

extreme predictions

near-optimal systematic calibration (intercept= 0.02) and the
lowest ICI (0.03), its slope (1.74) notably deviated from the refer-
ence line, indicating too moderate predic'[ions.23 24 The ICP
model demonstrates good overall performance with balanced cal-
ibration metrics.

DISCUSSION
Our study revealed that approximately two-thirds of patients
with MSA-C exhibited the ICP sign, a rate comparable with that

AINR Am J Neuroradiol 46:1223-30  Jun 2025 www.ajnr.org 1227
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FIG 5. Calibration plots with ICls of the ICP, MCP, combined ICP and MCP hyperintensity signs, and the integrated clinicoradiologic model for
predicting MSA-C. Calibration plots comparing the ICP sign (intercept = 0.12, slope = 1.25, ICI = 0.03), MCP sign (intercept = —0.13, slope = 071,
ICl = 0.61), combined signs (intercept = 0.30, slope = 1.17, ICl = 0.62), and integrated model (intercept= 0.02, slope = 174, ICl = 0.03). The ICP
sign demonstrates reliable calibration overall. Bars in the calibration plot denote observed outcome frequencies within each bin, reflecting the
calibration level of the prediction model. The diagonal line indicates perfect calibration. Brier indicates the Brier score (average squared differ-
ence in predicted and actual probabilities); Emax/E90/ICl, the maximum/90th quantile/weighted average of absolute difference in predicted

and actual calibrated probabilities.

of the HCB sign. While the MCP hyperintensity sign was more
common than the ICP sign, it was also observed in >40% of
patients with SCA. Previous studies have documented the MCP
hyperintensity sign in varying conditions, including healthy indi-
viduals, and our research corroborates its presence in a notable
proportion of patients with SCA.*>*°

More than one-quarter of patients with SCA had the HCB
sign in our study. This finding is consistent with several reports
showcasing the presence of the HCB sign in patients with
SCA.»*2° The vertical line sign (also known as the vertical pon-
tine hyperintensity) typically marks the initial stage of the HCB
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sign and progresses to a complete cruciform hyperintensity in
advanced MSA.*® While Sugiyama et al*® found no significant
group differences in the vertical line sign between patients with
MSA-C and SCA3, our larger cohort demonstrated that it could
differentiate MSA-C from SCAs. This result may be explained by
the greater statistical power of our study.

The diagnostic performance for the ICP sign was the highest
among the signs studied, notably for its specificity, which
exceeded 95% in our test cohort. This specificity surpassed that of
the HCB sign, an imaging biomarker currently recognized in the
MDS consensus criteria for diagnosing MSA-C.' The high



specificity of the ICP sign is particularly valuable, given the diag-
nostic challenges of SCA, which presents similar clinical symp-
toms and nonspecific imaging findings.*>*"** Furthermore,
incorporating age and disease duration into our model increased
the test AUC to 0.98, marking the first attempt, to our knowledge,
to establish an integrated clinicoradiologic model.

Studies have demonstrated that 3D FLAIR sequences enable
more detailed visualization of brainstem structures® and provide
superior lesion detection compared with conventional 2D-FLAIR

in various white matter pathologies.>**>

Future studies using 3D
FLAIR imaging techniques might further enhance the diagnostic
accuracy of ICP assessment in differentiating MSA-C from SCA.

Pathologic studies in MSA have revealed pallor or loss of
myelin staining in white matter tracts, where glial cytoplasmic
inclusions—the diagnostic hallmark of MSA—are frequently
observed, particularly in intrafascicular oligodendrocytes.*®
Building on these pathologic findings, a DT study by Shiga et
al’’ identified decreased fractional anisotropy of the ICP in
one-half of the patients with MSA, encompassing both parkin-
sonian and cerebellar variants, compared with age-matched con-
trols. Subsequently, Oishi et al,”® focusing specifically on patients
with MSA-C, reported reduced fractional anisotropy values in
the ICP, even during the early stages of the disease. Furthermore,
comparative DTI studies between MSA-C and SCA1 have dem-
onstrated significant differences in fractional anisotropy values of
ICP at the group level.” In line with these previous DTI studies,
we observed similar ICP abnormalities using T2 FLAIR imaging
and showed a high diagnostic value at the individual level.

Because clinically differentiating MSA-C and SCA is challeng-
ing, especially in the early stage, imaging markers with reliable
early diagnostic value are particularly important. Kim et al’
reported the increased differential value of conventional MRI
signs (HCB and MCP hyperintensity) during early disease stages
when comparing MSA-C and SCAs. Similarly, our subgroup
analysis demonstrated that the ICP sign maintains robust diag-
nostic performance in both early (<3years; AUC = 0.83) and
late disease-duration groups (=3 years; AUC = 0.77), with nota-
bly high specificity (100%) in the early group.

In our study, the ICP sign was observed in 5 of 21 patients
with genetically confirmed SCA2. Notably, these cases, which
represent all the false-positives in our cohort, tended to have a
longer disease duration and more prominent brainstem atrophy.
Previous studies have described characteristic brainstem involve-
ment in SCA2,%" with postmortem studies by Estrada et alt!
showing involvement of the inferior olivary neurons and olivo-
cerebellar fibers and Yoshii et al** reporting inferior olive hyper-
intensity on MRI. While our study establishes the ICP sign as a
useful marker for differentiating MSA-C from SCA, these obser-
vations suggest careful consideration may be needed when apply-
ing it to cases of advanced SCA2.

Our study has limitations. First, it did not encompass the full
spectrum of diseases in progressive cerebellar ataxia. Given the
rarity of conditions such as sporadic adult-onset ataxia of
unknown etiology and idiopathic late-onset cerebellar ataxia,*
which are diagnoses of exclusion, these were not included in our
cohort. Our primary aim was to differentiate MSA-C and SCA,
the 2 most prevalent and important causes of this condition in

adults.*’ Second, the retrospective nature of our study may intro-
duce biases, including selection bias and reliance on the quality of
historical data. Additionally, the age distribution of patients with
MSA-C and those with SCA differed in our cohort. We did not
match the ages of these groups, because matching could not
fully mitigate this limitation or simulate the conditions of a
randomized controlled trial. Moreover, matching would have
reduced the number of patients, thereby diminishing the sta-
tistical power of our study. Third, we cannot fully elucidate the
biologic background of the high specificity of the ICP sign for
differentiating MSA-C from SCA. Ataxia-causing lesions in
SCA invariably affect the “cerebellar module,” which is defined
as the reciprocal circuitry among the cerebellar cortex, dentate
nuclei, and inferior olivary nuclei. An ovelap of the affected
sites seen in both MSA-C and SCA implies that further histo-
pathologic studies are needed to explain the high specificity of the
ICP sign in MSA, because it cannot be solely attributed to the
known gliosis or cell loss in the cerebellar cortex and inferior oli-
vary nuclei.'>** Last, the analysis of imaging findings was qualita-
tive, relying on the visual assessment of radiologic signs. This
approach is susceptible to interobserver variability and may lack
the precision of quantitative imaging analyses, potentially affect-
ing the reproducibility and objectivity of our results.

Despite these limitations, our research offers potential benefits
for patients with late-onset progressive ataxia in movement disor-
der clinics, offering insights that may enhance diagnostic accuracy
and thereby inform potential treatment strategies.

CONCLUSIONS

We identified a new complementary imaging biomarker for
MSA-C—hyperintensity of the ICP on FLAIR imaging—that
reflects the pathologic alterations in MSA-C. We demonstrated
its diagnostic utility both as a stand-alone marker and in combi-
nation with other imaging biomarkers and clinical features for
differentiating MSA-C from SCA.

Disclosure forms provided by the authors are available with the full text and
PDF of this article at www.ajnr.org.
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