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ORIGINAL RESEARCH
BRAIN

Susceptibility-Weighted Imaging Improves the Diagnostic
Accuracy of 3T Brain MRI in the Work-Up of Parkinsonism

FJ.A. Meijer, A. van Rumund, B.A.C.M. Fasen, I. Titulaer, M. Aerts, R. Esselink, B.R. Bloem, M.M. Verbeek, and B. Goraj

ABSTRACT

BACKGROUND AND PURPOSE: The differentiation between Parkinson disease and atypical parkinsonian syndromes can be challenging
in clinical practice, especially in early disease stages. Brain MR imaging can help to increase certainty about the diagnosis. Our goal was to
evaluate the added value of SWI in relation to conventional 3T brain MR imaging for the diagnostic work-up of early-stage parkinsonism.

MATERIALS AND METHODS: This was a prospective observational cohort study of 65 patients presenting with parkinsonism but with an
uncertain initial clinical diagnosis. At baseline, 3T brain MR imaging with conventional and SWI sequences was performed. After clinical
follow-up, probable diagnoses could be made in 56 patients, 38 patients diagnosed with Parkinson disease and 18 patients diagnosed with
atypical parkinsonian syndromes, including 12 patients diagnosed with multiple system atrophy—parkinsonian form. In addition, 13 healthy
controls were evaluated with SWI. Abnormal findings on conventional brain MR imaging were grouped into disease-specific scores. SWI
was analyzed by a region-of-interest method of different brain structures. One-way ANOVA was performed to analyze group differences.
Receiver operating characteristic analyses were performed to evaluate the diagnostic accuracy of conventional brain MR imaging sepa-
rately and combined with SWI.

RESULTS: Disease-specific scores of conventional brain MR imaging had a high specificity for atypical parkinsonian syndromes (80%-90%),
but sensitivity was limited (50%—80%). The mean SWI signal intensity of the putamen was significantly lower for multiple system atrophy—
parkinsonian form than for Parkinson disease and controls (P < .001). The presence of severe dorsal putaminal hypointensity improved the
accuracy of brain MR imaging: The area under the curve was increased from 0.75 to 0.83 for identifying multiple system atrophy—
parkinsonian form, and it was increased from 0.76 to 0.82 for identifying atypical parkinsonian syndromes as a group.

CONCLUSIONS: SWI improves the diagnostic accuracy of 3T brain MR imaging in the work-up of parkinsonism by identifying severe
putaminal hypointensity as a sign indicative of multiple system atrophy—parkinsonian form.

ABBREVIATIONS: AP = atypical parkinsonian syndromes; AUC = area under the curve; CBS = corticobasal syndrome; DLB = dementia with Lewy bodies; HC =
healthy controls; MSA = multiple system atrophy; MSA-P = multiple system atrophy—parkinsonian form; PD = Parkinson disease; PSP = progressive supranuclear palsy;
ROC = receiver operating characteristic; S| = signal intensity

In clinical practice, the differentiation between Parkinson dis-
ease (PD) and atypical parkinsonian syndromes (AP), such as
multiple system atrophy (MSA), progressive supranuclear palsy
(PSP), corticobasal syndrome (CBS), and dementia with Lewy
bodies (DLB), can be challenging. For adequate patient counsel-
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ing and treatment planning, it is important to make the correct
diagnosis at an early disease stage. Ancillary investigations such as
brain MR imaging can be performed to increase certainty about
the diagnosis. In the diagnostic work-up of parkinsonism, per-
forming brain MR imaging is advised because it can support the
diagnosis of AP or vascular parkinsonism." Also, brain MR imag-
ing can demonstrate other more rare causes of parkinsonism such
as normal pressure hydrocephalus or multiple sclerosis.
Conventional brain MR imaging findings, including those of
T1, T2, T2 FLAIR, and proton-attenuation sequences, are usually
normal in PD or will show age-related changes.” Atrophy or
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Table 1: MRI scanning protocol

Flip Voxel Size No. and Direction of iPAT Acquisition Time
Sequence TR (ms) TE (ms) Angle (mm) Sections Factor (min:sec)

T2 TSE 5830 120 120° 0.6 X 0.6 X3 48 Axial - 343

T1 MPRAGE 2300 47 12° 1X1X1 192 Sagittal 2 5:47

T2 FLAIR 9000 86 150° 0.7 X 0.6 X5 28 Axial 2 2:44

Proton-attenuation 2000 20 90° 09X09X3 48 Axial - 716

DWI-EPI (b=0 and b=1000) 3900 89 90° 13 X13 X5 48 Axial 2 2:10

SWI gradient-echo 29 20 15° 0.6 X 0.6 X3 48 Axial 2 4:42
Note:—iPAT indicates integrated parallel acquisition technique.
signal-intensity (SI) changes of specific regions of the brain iden-  Study Design

tified on brain MR imaging can have high specificity for the dif-
ferent forms of AP. Examples include putaminal or pontine atro-
phy in MSA and midbrain atrophy (hummingbird sign) in PSP.
The sensitivity of brain MR imaging for AP is generally limited,
especially in early disease stages.””

New MR imaging techniques have become available for clini-
cal practice in recent years, including susceptibility-weighted im-
aging. SWI is sensitive to magnetic susceptibility differences in
tissues such as blood, calcification, and iron deposition. Because
SWI makes use of both magnitude and phase information during
image acquisition, it is superior in detecting brain susceptibility
changes in comparison with T2* gradient-echo sequences.®” SWI
is emerging as a useful technique in a wide variety of intracranial
pathologies, including neurodegenerative diseases.® In parkinso-
nian syndromes, there are different patterns of abnormal brain
iron metabolism in PD and AP. Examples include increased iron
accumulation in the substantia nigra in PD and increased striatal
iron content in MSA.” These patterns of abnormal brain iron
content should be differentiated from physiologic age-related
iron accumulation.'®!! Also, there still is debate about whether
disturbances in iron levels in PD constitute representation of the
primary pathologic process or are a secondary consequence.'?
This debate is highly relevant for SWI because it influences
whether abnormal iron content in brain structures can be identi-
fied in early-stage PD or AP. Initial reports on SWI in parkinson-
ism indicate that SWI may provide new diagnostic markers for
clinical use.'>"*

The goal of our study was to evaluate whether SW1is of added
value in relation to conventional 3T brain MR imaging in the
diagnostic work-up of early-stage parkinsonism.

MATERIALS AND METHODS

Study Group

We performed a prospective observational study in 65 patients
presenting with parkinsonism with a disease duration of <3 years,
with major uncertainty of the underlying diagnosis on inclusion.
Patients were consecutively recruited at our outpatient move-
ment disorder clinic during 2010-2012. Study inclusion criteria
were clinical signs and symptoms of parkinsonism (hypokinetic-
rigid syndrome) with an uncertain clinical diagnosis and disease
duration of <3 years. Exclusion criteria were age younger than 18
years, prior brain surgery, the presence of another neurodegen-
erative disorder, and unstable comorbidity. The medical ethics
committee of our hospital approved the study, and all participants
gave written informed consent. For the sake of the SWI analyses,
we also enrolled 13 age- and sex-matched healthy controls, who
were scanned with the SWI sequence.

Patients had a clinical assessment at baseline by standardized history
taking and neurologic examination by an experienced physician
(M.A., A.v.R.). Cardiovascular risk factors, activities in daily living,
medication use, disease onset, clinical signs, most affected body site,
and balance and fear of falling were assessed. Clinical neurologic
scores were applied, including the Non-Motor Symptoms Scale'
and the Mini-Mental State Examination'® to evaluate global cogni-
tive status and the Unified Parkinson’s Disease Rating Scale'” and the
Hoehn and Yahr Staging Scale'® to evaluate motor function.

At baseline, all patients underwent brain MR imaging. After
clinical follow-up, final diagnoses could be made by 2 experienced
clinicians (A.v.R., R.E.). These diagnoses were made according to
international diagnostic criteria'®* based on neurologic signs
that developed during the course of the disease (as identified dur-
ing repeat neurologic examinations), rate of disease progression,
and treatment response. Our primary interest was to evaluate
the added value of SWT in relation to conventional 3T brain MR
imaging performed in the early disease stage in differentiating PD
and the various forms of AP.

Brain MR Imaging Protocol

At baseline, all patients underwent 3T MR imaging of the brain
(Magnetom Trio; Siemens, Erlangen, Germany). The scanning
protocol included 3D T1 MPRAGE, T2 TSE, T2 FLAIR, proton-
attenuation, and DWI sequences. The SWI sequence was a 3D
gradient echo acquisition; magnitude and phase images were ob-
tained in the axial plane. Details of the scanning protocol are
provided in Table 1. In addition to our patient cohort, 13 age-
matched healthy controls (HC) were scanned with the SWI
sequence.

Imaging Analysis

Two neuroradiologists (F.J.A.M. and B.G.) evaluated conven-
tional brain MR imaging studies in a standardized manner,
blinded to clinical information. First, abnormalities that have
been validated for the evaluation of parkinsonian syndromes were
scored.’>?> Second, selected abnormalities were grouped in a
score typical for a given disease. Atrophy and T2 hypointensity
changes of the putamen, pontine atrophy, hot cross bun sign,
cerebellar atrophy, and T2 hyperintense signal changes of the
middle cerebellar peduncle were combined in the “MSA” score.
Midbrain atrophy, hummingbird sign, and a reduced AP mid-
brain diameter of <14 mm were scored and combined in the
“PSP” score. Cortical atrophy and third and lateral ventricle dila-
tion were scored and combined in the “Atrophy” score as a man-
ifestation of CBS or DLB. The “MSA,” “PSP,” and “Atrophy”
scores combined resulted in the “Sum” score, which was used to
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evaluate AP asa group. Several thresholds (eg, the presence of 1, 2,
3, or 4 abnormalities) were applied to these scores to evaluate the
diagnostic accuracy of conventional brain MR imaging for the
different forms of AP. Furthermore, white matter changes and
the presence of infarction were scored.

The region-of-interest method was used to evaluate the SWI
sequences on an Impax workstation, Version 6.5.3 (Agfa-Gevaert,
Mortsel, Belgium). A 4.9-mm? circular region of interest was
placed bilaterally in the following structures: caudate nucleus, pu-
tamen (anterior and posterior), red nucleus, substantia nigra (an-
terior and posterior), globus pallidus, thalamus, pulvinar thala-
mus, and dentate nucleus. The region of interest was placed in the
most hypointense part of the brain structure, avoiding vessels and
not including the edges of the structure. Additionally, the signal
intensity of CSF was measured by region-of-interest placement in
the fourth ventricle. SWI signal intensity of the different brain
structures was normalized to CSF with a signal intensity of 200, to
correct for inconsistencies in the reference standard. Two readers
(F.J.AM. and B.A.C.M.F.), blinded to the clinical symptoms and
diagnoses, performed the region-of-interest analysis of the SWI
sequences. One reader (B.A.C.M.F.) performed the region-of-in-
terest analysis twice to evaluate intrarater variability.

Increased susceptibility is defined here as decreased SW1 signal
intensity. On the basis of the mean signal intensity values ob-
tained, the hypointensity was graded according the criteria pro-
posed by Gupta et al (Fig 1)"*:

Grade 0: SI similar to CSF intensity (SI > 200)

Grade 1: mild hypointensity (SI > 150 but <200)

Grade 2: moderate hypointensity (SI > 75 but <150)

Grade 3: severe hypointensity (SI < 75).

Statistical Analyses

The diagnostic accuracy of the conventional brain MR imaging
“MSA,” “PSP,” “Atrophy,” and “Sum” scores to identify the different
forms of AP was calculated. Cohen k coefficient was used to evaluate
interrater variability of abnormalities scored on conventional brain
MR imaging. For SW1, both intra- and interrater agreement was eval-
uated. Agreement was graded as the following: k << 0.20, poor agree-
ment; 0.21-0.40, fair agreement; 0.41-0.60, moderate agreement;
0.61-0.80, good agreement; >0.80, perfect agreement.

The mean SWI signal intensity of the brain structures was
calculated for each diagnosis, and 1-way ANOVA, corrected
for multiple comparisons with a Bonferroni correction, was
performed to analyze group differences. A P value < .05 was
considered statistically significant for disease-specific SWI
changes.

Finally, the area under the curve (AUC) of the receiver oper-
ating characteristic (ROC) was used to evaluate the discriminative
power of conventional brain MR imaging alone and in combina-
tion with selected SWI measures.

All statistical analyses were performed with SPSS (Version 20;
IBM, Armonk, New York).

RESULTS

Study Group

Patients had a mean follow-up of 24.8 = 12 months. Of the 65
patients, 9 were excluded for the following reasons: brain MR
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imaging with severe artifacts (n = 2), uncertain diagnosis (n = 4),
diagnosis other than PD or AP (n = 1), and diagnosis of vascular
parkinsonism (n = 2).

Of the remaining 56 patients, 38 patients were diagnosed with
PD, and 18 patients, with AP (12 with multiple system atrophy—
parkinsonian form [MSA-P], 3 with PSP, and 3 with DLB). De-
mographic data of the study population and control group are
shown in Table 2.

Conventional Brain MR Imaging Results

Abnormalities scored on conventional brain MR imaging are
summarized in On-line Table 1. Overall there was good inter-
rater agreement for the abnormalities scored on brain MR imag-
ing with perfect interrater agreement (k > 0.8) for atrophy and
signal-intensity changes of the putamen and midbrain. Pon-
tine and cerebellar atrophy and T2 hyperintensity changes of
the middle cerebellar peduncle showed moderate interrater
agreement (k = 0.47—0.54). There was poor agreement for the
putaminal rim sign. The putaminal rim sign proved not to be
indicative of MSA on 3T MR imaging (sensitivity, 42%; speci-
ficity, 48% for MSA), which is in line with a previous report.ze’
Therefore, we did not include the putaminal rim sign in further
analyses.

The diagnostic accuracy of conventional brain MR imaging
abnormalities combined in group scores to identify the different
forms of AP is shown in Table 3. Sensitivity and specificity can be
influenced by choosing a threshold— eg, the presence of at least 1
abnormality for the “MSA” score to identify MSA-P results in
83% sensitivity with 66% specificity, while the presence of at least
2 abnormalities results in 25% sensitivity with 93% specificity.
The presence of at least 2 abnormalities on conventional brain
MR imaging has reasonable sensitivity (78%) and specificity
(76%) to identify AP as a group. The specificity for AP can be
increased (89%) by considering the presence of at least 4 abnor-
malities for the diagnosis of AP, though at the cost of sensitivity
(50%).

MR Imaging SWI Analysis

Significantly lower mean SWI signal intensity of the putamen was
found in MSA-P, in comparison with PD and HC (On-line Table
2). This finding was consistent for both sides and the anterior and
posterior parts of the putamen (all regions, P < .001 for MSA-P
versus PD, for both readers). Signal intensity of the posterior pu-
tamen was compared with that of the anterior part. The distribu-
tion of putaminal signal intensities for the different disease groups
demonstrated that grade 3 hypointensity changes of the poste-
rior putamen discriminated MSA-P from the other groups
(boxplots in On-line Fig 1). For the anterior putamen, the
presence of grade 2 or 3 hypointensity changes discriminated
MSA-P from the other groups. There was good intrarater (k=
0.76) and interrater (k= 0.80) agreement for the putaminal
SWI hypointensity grading.

Lower mean SWI signal intensity of the caudate nucleus was
seen in MSA-P; the difference in signal intensity was statistically
significant on the left side in comparison to PD. Caudate nucleus
signal intensity (mean grade 1 hypointensity) was not as low as
that for the putamen. In PSP, significantly decreased mean SWI



FIG 1. A-D, SWI with a circular region of interest in the left dorsal
putamen. A, Grade 0 hypointensity (SI > 200) in a patient diagnosed
with PD. B, Grade 1 hypointensity (SI > 150 but <200) in a patient
diagnosed with PD. C, Grade 2 hypointensity (S| > 75 but <150) in a
patient diagnosed with DLB. D, Grade 3 hypointensity (SI < 75) in a
patient diagnosed with MSA-P. E, T2 TSE image of the patient diag-
nosed with MSA-P shown in D. Hypointensity of the putamen is less
pronounced, though atrophy of the putamen is seen.

Table 2: Patient characteristics®

PD (n =38) AP (n=18) MSA-P (n =12) PSP (n = 3) DLB (n = 3) HC (n =13)
Age (yr) 61(9) 65 (8) 63(9) 67 (5) 69 (3) 67 (7)
Sex (M/F) 2315 9:9 6:6 12 21 9:4
Disease duration (mo) 19.1(14) 152(12) 15.5(1) 23.0(20) 67(7) -
UPDRS-III 321(12) 452(1) 455(12) 47.5(13) 427 ) -
H&Y 17(07) 2.6(0.9) 2.6 (1.0) 3.0(0) 2.3(0.6) -
MMSE 28.5(1.6) 28.1(1.6) 28.4(14) 287 (0.6) 26.0(1.0) -

Note:—UPDRS-IIl indicates Unified Parkinson’s Disease Rating Scale—lIl; H&Y, Hoehn and Yahr Staging Scale; MMSE, Mini-Mental State Examination.
“Data are mean or number (SD).

signal intensities (grade 2 hypointensity) of the red and dentate  statistically significant SWI signal-intensity changes of the differ-

nuclei on the left side were found in comparison with thosein PD  ent brain structures were found for PD.

and HC. On the basis of the findings above, SWI hypointensity
In comparison with the different forms of AP and HC, no  grading of the putamen was used for further analyses in eval-
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Table 3: Frequency (%) of positive results®

PD(n=38) MSA-P(n=12) PSP (n = 3) DLB (n=3)  Sensitivity/Specificity K (Interrater)
“MSA” score, threshold 1 1(29) 10(83) 1(33) 3(100) 83%/66% for MSA 0.64
“MSA” score, threshold 2 2(5) 3(25) 0(0) 1(33) 25%/93% for MSA 0.59
“PSP” score, threshold 1 0(0) 1(8) 3(100) 0(0) 100%/98% for PSP 0.88
“Atrophy” score, threshold 2 7(18) 4(33) 3(100) 2(67) 67%,/74% for DLB 0.86
“Sum” score, threshold 2 9(24) 8(67) 3(100) 3(100) 78%/76% for AP 0.75
“Sum” score, threshold 3 8(21) 5(42) 3(100) 2(67) 56%/79% for AP 0.80
“Sum” score, threshold 4 4m) 4(33) 3(100) 2(67) 50%,/89% for AP 0.64
2 Threshold criteria defined as the presence of either 1, 2, 3, or 4 abnormalities on conventional brain MRI for the different scores.
MSA-P AP
1,0 1,0
087 0,8
3 3
2
2 o6 2 06
= >
= =
(2]
= 2 1
$ 0,4 $ 0,4 |2
0,27 E 0,27
0,0 T T T T 0, T T T T
0,0 0,2 0,4 0,6 0,8 1,0 0,0 0,2 0,4 0,6 0,8 1,0

1 - Specificity

1 - Specificity

FIG 2. ROC curves to evaluate diagnostic accuracy. Point 1indicates the brain MR imaging “MSA” score to identify MSA-P, threshold 2 abnormalities
(left figure), and the MR imaging “Sum” score to identify AP as a group, threshold 4 abnormalities (right figure). Point 2 is the grade 3 SWI hypointensity
of the dorsal putamen. Point 3 indicates points Tand 2 combined. SWI increases sensitivity with preservation of high specificity.

uating the diagnostic accuracy of brain MR imaging and
SWIL.

Evaluation of Diagnostic Accuracy

SWI grade 3 hypointensity of the posterior putamen proved to be
superior to grade 2 or 3 hypointensity of the anterior putamen for
identifying MSA-P (AUC, 0.82 versus 0.69). The results of the ROC
analyses to evaluate the diagnostic accuracy of conventional brain
MR imaging alone and in combination with SWI grade 3 hypointen-
sities of the putamen are shown in Fig 2 and On-line Tables 3 and 4.

Diagnosis of MSA-P

Conventional brain MR imaging “MSA” score, with a threshold of
at least 2 abnormalities present, results in an AUC of 0.59 (confi-
dence interval, 0.40—0.79) to identify MSA-P. Threshold 1 results
in an AUC of 0.75 (confidence interval, 0.60—0.90). The AUC is
increased to 0.83 (confidence interval, 0.68 —0.98) when combining
the conventional brain MR imaging threshold 2 with the presence of
SWI grade 3 hypointensity of the posterior putamen. This increase in
AUC is explained by a significant improvement in sensitivity (25%—
75%) with preservation of high specificity (91%).

Diagnosis of AP

The conventional brain MR imaging “Sum” score, when at least 2
abnormalities are present, results in the highest AUC of 0.76 (confi-
dence interval, 0.62—0.90) to identify AP asa group. The AUC can be
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increased to 0.82 (confidence interval, 0.69—0.95) when combining
the conventional brain MR imaging “Sum” score with at least 4 ab-
normalities present with SWI grade 3 hypointensity of the posterior
putamen. The improved diagnostic accuracy results from improved
sensitivity (50%—78%) with preservation of high specificity (87%).

DISCUSSION

Unlike previous studies, we prospectively evaluated both conven-
tional brain MR imaging and SWI in patients presenting with
parkinsonism with an initial uncertain diagnosis, in whom in-
crease of certainty about the diagnosis is of the most clinical rele-
vance. In our study population, the ability of conventional 3T
brain MR imaging to differentiate PD and the different atypical
parkinsonian syndromes was limited and depended on defined
diagnostic criteria. When combined with SWI, the diagnostic ac-
curacy was improved, mainly by identifying severe hypointensity
of the putamen, which is indicative of MSA-P.

Patterns of normal age-related iron content of the different brain
structures have been described in literature, including age-related
increase in iron content of the putamen.*”>*® Because we included a
group of age-matched healthy controls, it is more likely that the in-
creased putaminal susceptibility in MSA-P found in our study re-
flects pathologic mineralization rather than a result of aging.

Increased iron concentrations and decreased signal intensity
on T2 spin-echo and T2* gradient echo—weighted sequences of



the putamen, but also of the caudate nucleus, have been reported
previously in MSA.***->* Susceptibility changes of the putamen
are depicted more accurately by SWI than by a T2 spin-echo se-
quence (Fig 1D, -E). With regard to SWI, decreased signal inten-
sity of the putamen in MSA has been described,"* though not
confirmed by others.** Gupta et al'? found higher putaminal SWI
hypointensity scores in MSA-P, though this difference was not

statistically significant. Wang et al'*

found increased iron deposi-
tion in the putamen in MSA-P, as we did, and reported that the
lower inner region of the putamen was the most valuable subre-
gion in differentiating MSA-P from PD, while in our study, this
finding is valid for the posterior part of the putamen.

Gupta et al'? reported higher hypointensity scores of the pu-
tamen and red nucleus in PSP, in comparison with PD and MSA.
In our study population, the SWI signal intensities of the red
nucleus and dentate nucleus were lower in PSP compared with
PD, with statistical significance on the left side. This finding is in line
with observed neuropathologic changes of these structures in PSP.>
SWI hypointensity changes of these nuclei could therefore possibly
provide a new diagnostic marker for PSP. Increased iron content in
the substantia nigra and putamen have been reported in PSP mainly
in advanced disease stages, but not in the amount seen in MSA.°
According to the literature, there is little evidence of increased brain
iron levels in DLB, but possibly the substantia nigra is affected.”

SWI signal intensity is influenced by many factors besides iron
content of brain structures, including acquisition parameters and
magnetic field strength but also by spatial position and reconstruc-
tion algorithms (which differ across MR imaging vendors). For re-
producibility of quantitative analyses, it is important to apply a nor-
malization technique. Our study population was scanned by using a
3T MR imaging scanner, while others used a 1.5T scanner.">'* It is
likely that differences in magnetic field strengths could partly explain
discrepancies in study results because a 3T MR imaging scanner is
more sensitive to susceptibility changes than a 1.5T scanner.”**”

On the basis of their 3T MR imaging SWI study, Haller et al**
found increased susceptibility in the thalamus and left substantia
nigra in PD, and they reported good discrimination between PD
and AP by using a support-vector analysis. Unfortunately, they
did not include a healthy control group to evaluate whether the
observed increased susceptibility in the substantia nigra and thal-
amus is PD-specific. In our study population, we did not observe
changes in the susceptibility of the substantia nigra or other brain
structures in PD in comparison with patients with AP or matched
healthy control subjects. A possible explanation could be that our
patients with PD were scanned in earlier disease stages. In previ-
ous studies however, no clear evidence was found of substantia
nigra iron content being related to disease duration.”®*® In recent
in vivo and postmortem SWI studies, a subregion of the substan-
tia nigra pars compacta, called nigrosome 1, was reported to be
absent in PD.*>*! A “swallow tail” appearance of the healthy ni-
grosome 1 and its absence in PD have recently been evaluated in a
case control study with observed good discrimination between
patients with PD and HC.** It is not known whether the absence
of nigrosome 1 on SWI could discriminate PD from AP.

There are some limitations to our study. First, our study pop-
ulation was relatively small, especially for the AP group, and con-
clusions were mainly based on a comparison among PD, MSA-P,

and HC. Therefore, definite conclusions regarding other forms of
AP cannot be made. On the other hand, the prevalence of less
frequent parkinsonian syndromes in our cohort does reflect clin-
ical practice and draws attention to the need for ancillary investi-
gations aiming to improve certainty about the diagnosis in a pa-
tient presenting with parkinsonism. The subjects of our study
were patients with parkinsonism and uncertain clinical diagnosis,
which could explain the relatively low frequency of the different
forms of atypical parkinsonism in our study population.

The small number of patients diagnosed with PSP could explain
why the lower signal intensity values of the red nucleus and dentate
nucleus were only statistically significant unilaterally. Whether the
SWI sequence is of added value for the diagnosis of PSP, CBS, DLB,
or other forms of AP not included in our study, such as multiple
system atrophy—cerebellar form and CBS, remains to be determined.
In vascular parkinsonism, SWI could be of additional value to iden-
tify microbleeds as a sign of microangiopathy, but this possibility was
beyond the scope of our study.

Second, we did not have postmortem confirmation of the diag-
noses; therefore, we cannot fully rule out misdiagnosis in our study
population. The diagnoses were made by a movement-disorder spe-
cialist on the basis of accepted diagnostic criteria, after a mean fol-
low-up of 24.5 months. This approach proved to yield high accuracy
(>90%) as shown in a previous clinical-pathologic study.*’

Third, because there are only a few studies available in which
SWT has been evaluated in parkinsonism, validation of diagnostic
criteria is crucial for optimal use in daily clinical practice. This
validation also applies to the conventional brain sequences be-
cause diagnostic criteria have not been standardized. Because ab-
normalities on brain MR imaging differ for the various forms of
AP, disease-specific diagnostic criteria give a more accurate esti-
mation of the diagnostic accuracy of brain MR imaging rather
than grouping all the forms of AP together. Standardization of the
scanning protocol, with the magnetic field strength of the MR
imaging study taken into account, and postprocessing methods is
necessary for validation of diagnostic criteria.

Other advanced MR imaging techniques, including diffusion
(tensor) imaging, magnetization transfer imaging, and functional
MR imaging could possibly provide new diagnostic markers for
PD or AP. In future clinical cohort studies, it would be interesting
to study the diagnostic value of SW1 in relation to these advanced
imaging techniques.

CONCLUSIONS

SWI proved a useful sequence in addition to conventional 3T
brain MR imaging in the diagnostic work-up of early-stage par-
kinsonism. SWI improves the diagnostic accuracy of 3T brain MR
imaging by detecting severe hypointensity of the putamen as a
sign indicative of MSA-P.
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