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Parkinsonism is characterized by the four cardinal features of tremor at rest,
bradykinesia, rigidity and postural instability. Majority of patients (80-85%) who
are referred to specialized Movement Disorder clinics with parkinsonism have
Parkinson's disease (PD). 1 Other causes of parkinsonism include secondary
parkinsonism or atypical parkinsonism disorders (APD, previously called as
parkinsonism-plus syndromes). 2 APD constitute the second most common group
of parkinsonism in specialized clinics. The most commonly encountered APD are
progressive

supranuclear

palsy

(PSP)

or

Steele-Richardson-Oiszewski

syndrome, multiple system atrophy (MSA), Corticobasal degeneration (CBD) and
Dementia with Lewy bodies (DLB). Of all APDs, MSA-P (MSA with predominant
parkinsonian features) and PSP are the conditions which closely mimic PO,
especially in the early stages of the illness. Misdiagnosis is common in the early
stages of the disease even among specialists.
The APD are characterized by rapidly evolving parkinsonism that has a
poor or transient response to dopaminergic therapy and often associated with
one or more atypical feature for PD. The clinical recognition of the disease as PO
or APD is the most challenging task of the physician managing these patients,
because they have a different prognosis, respond differently to medical treatment
and surgery. The natural course and progression, including morbidity and
mortality, vary among these diseases. Patients with PO have an almost normal
life span if treated appropriately, 3 .4 while those with APD have a shorter survival
and more complications occur during the early stage and cause more severe
disability. 5 •6 ·7 Motor disability progresses more rapidly in patients with PSP and
MSA than in PD. Surgical treatment, which is clearly beneficial in treating PO
may not be effective in patients with APD. Lastly, when more disease-specific
therapies eventually become available for one of these diseases (particularly
neuroprotective agents), early and accurate diagnosis will be even more
important. Hence making as correct a clinical diagnosis as possible, is important
to guide management and predict prognosis in these patients.
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An early differentiation between MSA-P, PSP and PD is not only important
for management and prognostication, but also crucial for research purposes.
Homogenous groups are a necessity to arrive at firm conclusions for the studies,
including

genetic,

analytical,

epidemiological,

as well

as

clinical

trials

investigating various experimental drugs. The clinical difficulties in differentiating
MSA, PSP and PD compromises research in all the three diseases.
Despite advances in our understanding of the pathological process in PD
and various APD, there are no reliable biomarkers for antemortem diagnosis of
these conditions and therefore, the distinction between these depends on
meticulous history and examination findings. Features that are found to be
particularly useful in differentiating PD from other parkinsonian disorders include
relatively rapid rate of disease progression with poor or only transient response
to levodopa, absence or paucity of rest tremor, early gait abnormality (such as
freezing),

postural

instability,

early

dysautonomic

symptoms,

vertical

supranuclear gaze palsy, pyramidal or cerebellar findings, apraxia, alien limb
phenomenon, cognitive or behavioral changes and extreme sensitivity to
neuroleptics.
With the use of standard clinical criteria, such as the UK Parkinson's
disease brain bank criteria, accuracy of a clinical diagnosis of PD can be
improved significantly; however, up to 10% of patients diagnosed with PD in life
will still have to be reclassified at post-mortem examination. 8 •9 Conversely, it is
more common for patients with MSA-P to die with diagnosis of PD than MSA. 9·10
Studies have shown that approximately one-third of the patients with
pathologically proven MSA seen by specialists in Movement Disorder clinic, carry
the incorrect diagnosis of PD at death. 6 Poor diagnostic sensitivity for MSA
among Movement Disorder specialists has been reported by Litvan et al. 11 Mean
sensitivity in their study was 56% at the first clinic visit and increased to 69% by
the last visit. However, primary neurologists, who followed up the patients
clinically, achieved even lower sensitivities of only 25% and 50% at the first and
7

last visit respectively, 11 The reasons for such poor diagnostic accuracy could be
because of overlapping clinical features, For example, 10 - 20% of patients with
MSA may present with relatively pure parkinsonism with features which are more
typical of PO such as asymmetry, levodopa responsiveness, development of
levodopa induced dyskinesias and motor fluctuations and absence of autonomic
dysfunction. 5 •12 More recently, few retrospective analyses of pathologically
confirmed

PSP

patients,

have

suggested

the

existence

of

various

clinicopathological variants of PSP. 13 ·14 Although these variants have a common
pathology of accumulation of neurofibrillary tangles and similar natural histories,
these are separated by differences in their clinical presentation as well as regions
and severity of pathology. 15 Most common of these variants is PSP-parkinsonism
(PSP-P), comprising about 33% of all patients with PSP, characterised clinically
by asymmetric onset of bradykinesia or rigidity, presence of rest tremor and
moderate initial response to L-dopa, making it difficult to differentiate from P0. 1315

There are clinical diagnostic criteria for PO, MSA and PSP but the definite
diagnostic confirmation depends on demonstration of typical pathological
features at autopsy, 16-18 Although widely accepted and have served as the gold
standard for diagnosis, there are limitations in the application of these criteria.
Validation studies of the MSA consensus criteria demonstrated high predictive
accuracy and specificity but suboptimal sensitivity, particularly in the early stages
of the disease. At the first clinical visit the sensitivity for diagnosing probable
MSA with the consensus criteria was only 16%, 19 while for PSP the sensitivity of
the NINOS-SPSP has been shown to be varying from 50-75%. 20 Sensitivity is low
for these criteria because all the clinical features may not be there in the early
stages of disease, For example, supranuclear limitation of downgaze a key
clinical feature of PSP, has a very high positive predictive value (PPV) early in
the disease course, however the sensitivity is very low. 21 On the other hand,
there have been pathologically confirmed cases of PSP who apparently never
displayed supranuclear limitation of downgaze during life. 22 •23 In addition, there
8

may be presence of certain features, not fitting into the diagnostic criteria but
which by themselves do not rule out the diagnosis, For example, the MSA criteria
requires the parkinsonism to be poorly responsive to levodopa, but it is well
accepted that a substantial minority (28%-30%) of patients show a clinically
significant, but usually waning response, 24 The use of criteria may also be
sometimes restrictive. Faced with a patient with APD, the history and clinical
examination provides information beyond the features listed in the criteria. For
instance, an MSA patient may also present with a constellation of other "soft"
features or "red flags", including REM sleep behavior disorder, cold discolored
extremities, inspiratory sighs,

stridor,

myoclonus, emotional incontinence,

croaking, quivering, severely hypophonic speech, disproportionate antecollis, the
"Pisa syndrome" and early postural instability or falls. Even when some patients
do not display sufficient core criteria to meet existing diagnostic sets, the
presence of a combination of these features can be highly suggestive of MSA
which makes the existing clinical diagnostic criteria restrictive. 16 Consensus
criteria for MSA uses separate features and criteria for diagnosis which are
complex and difficult to keep in mind. 25
Therefore, there is a clear need to develop biological markers to
distinguish PD, MSA and PSP from each other, especially in the early stages of
illness. Apart from having optimal sensitivity and positive predictive value these
markers should be easily available and applicable in routine clinical use. In this
context the role of magnetic resonance imaging (MRI) and positron emission
tomography (PET) and single photon emission computed tomography (SPECT)
imaging is promising. 26 High cost and lack of availability limits the wider utilisation
of PET and SPECT imaging in routine clinical practice. Moreover, both
techniques require that a patient be off medication for at least 12 hours before
the study. This can be uncomfortable for a patient with advanced symptoms, and
is potentially dangerous. On the other hand, MR imaging is a simple, relatively
inexpensive and widely available. Use of MRI in differentiation of PD and atypical
parkinsonian disorders has therefore been a highly desirable but elusive goal.
9

Although in clinical practice, conventional MRI (cMRI) is a well-established
method for the exclusion of symptomatic parkinsonism due to other pathologies,
over the past two decades, abnormalities in the basal ganglia and infratentorial
structures especially in APDs, have been demonstrated by different advanced
MRI techniques serving as potential biomarker for these diseases.
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REVIEW OF LITERATURE
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There are two basic applications of MRI, in the investigation of parkinsonism.
First, it helps in ruling out symptomatic causes of parkinsonism such as tumors,
strokes, hydrocephalous, etc. Second, it may be helpful to differentiate PO from
APO, especially MSA and PSP. Since the earliest description of cMRI, as a
potential tool for differential diagnosis of APOs, there is growing interest in
different MRI techniques for this purpose. 27 ·28 In PO the pathology is relatively
restricted to the substantia nigra pars compacta (SNc), 29 while in both PSP and
MSA the pathology extends beyond the nigra and involve the striatum. In MSA,
striatum is the primary site of pathology

6 •30 •31

while in PSP the brunt of disease

lies in the midbrain. 32 •33 Findings of MRI in PO, MSA and PSP reflect the
differences in their primary sites of pathology. Conventional MRI, which includes
T2 weighted (T2W), T1 weighted (T1W) and proton density images, is used most
commonly to differentiate PO, MSA and PSP. Findings on cMRI, although
specific are not sufficiently sensitive for the differential diagnosis of APOs,
especially in the early stages of disease when characteristic clinical features
have not appeared. This defeats the very purpose for which neuroimaging is
sought by the neurologist.
Advanced MRI techniques in a parkinsonism protocol includes, diffusion
weighted imaging (OWl), diffusion tensor imaging (OTI), magnetic resonance
spectroscopy (1 H-MRS), magnetization transfer imaging (MTI) and magnetic
resonance imaging-based volumetry (MRV). Compared to cMRI, these advanced
modalities have a superior sensitivity in differentiating PO and APOs from each
other and in providing insight into their pathophysiology. MRS, MRV and MTI
have limitations of relatively long measurement protocols, need for extensive
post-processing and cost. OWl is available in most 1.5T scanners and has the
advantages of very short acquisition time, relatively high spatial resolution and
the absolute quantitation by calculating AOC maps. OTI is the most recent tool in
differentiating PO, MSA and PSP. The following is a review of literature on the
use of each MRI modality used in differentiating PO and APOs from each other.
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CONVENTIONAL M Rl

The principles of MRI are based on the ubiquitous presence of hydrogen
in body tissues and the spin of the hydrogen atom proton, which induces small
magnetic field. In general, T2W images are sensitive to tissue properties,
including tissue damage, due to changes in transverse magnetisation or T2
decay. 34 Therefore processes characterized by cell loss, increased deposition of
iron or other paramagnetic substances and by astroglial reaction or microglial
proliferation may lead to signal changes in the affected brain areas, like the basal
ganglia and infratentorial structures in APOs. Gliosis increases signal intensity on
T2WI due to lengthening of the T2 relaxation time, which is consistent with the
postmortem findings. The areas of hyperintense signal changes on MRI during
the life were correlated with brain areas with the most pronounced microgliosis
and astrogliosis? 5 Nonheme iron in ferritin and hemosedirin in the brain are
visualized by MRI due to selective shortening of T2 but not T1 relaxation time,
thus leading to signal loss and hypointensity on T2WI with minimal or no intensity
changes on T1WI. On the other hand, T1WI are important for anatomic details
and provide good gray and white matter contrast.

CONVENTIONAL MRI FINDINGS IN PO:

The major pathologic substrate underlying the motor dysfunction of PO is loss of
dopaminergic neurons that project from the substantia nigra pars compacta
(SNc) to the striatum. Neuronal loss from the lateral SNc has been related to the
clinical features of P0. 36 Although basal ganglia structures, including the SN, are
readily visualized with MRI, in part because of their high iron content, cMRI
techniques at 1.5 T have not shown definitive abnormalities in patients with PO,
especially at an early stage. Indeed, the major role of cMRI is to exclude other
causes of parkinsonism. However, biochemical studies have reported increased
iron content in the nigra in PO, with the changes most marked in severe
disease. 37 ·38 Also in advanced stage patients with PO, may show distinct
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abnormalities of SNc which fall in two categories. First, involves signal changes
in SNc and second, involves changes in the width of the SNc secondary to loss
of dopaminergic neurons and/or increased iron deposition. However the location
of SNc and the changes occurring in PD are not universally agreed on, because
different studies have used different sequences to study the SN.
As iron and other paramagnetic elements cause shortening of T2
relaxation time, areas where iron accumulates appear as low signal intensity on
T2WI. Iron is present in greater amount in basal ganglia. However, all deep gray
matter nuclei are not hypointense at birth and iron is deposited sequentially in the
globus pallidus (GP), red nucleus (RN), substantia nigra (SN) and dentate
nuclei. 39 By 25 years of age, all these structures are hypointense relative to
cortical gray matter. During normal adult life, the pallidum becomes progressively
more hypointense, whereas RN, SN and dentate remain unchanged. The
distribution of low signal intensity correlates with intensity of the blue coloration of
the brain at the Perls' staining for iron. 27 .4°
It has been proposed that the SN can be distinguished as a two-layered
structure at the level of the upper midbrain on T2W images. 40 A hypointense
area in the posterior region of the crus cerebri is considered to be the pars
reticulata (SNr), and a relatively hyperintense area between the SNr and red
nucleus is the SNc. SNr is hypointense because of high iron concentration and
SNc is relatively hyperintense, because it contains half the iron of the SNr. Using
T2W images, various changes have been described in PD which include: (a)
narrowing of the SNc area (visible as a reduction in the width of the hyperintense
band on T2W images) when suggests, that it may represent volume loss in the
SNc secondary to loss of dopaminergic melanised neurons or increased iron
accumulation in the SNr. 41 .42 (b) Restoration of the SNr signal intensity on T2W
weighted images is also reported and is explained by iron depletion due to
increased metabolic activity or by neuronal death with expansion of the
extracellular space. 43 However, there is no agreement use of both reduction in
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the width of the hyperintense band or restoration of SN signal in T2W images in
PO and large overlaps have been found with respect to these findings in patients
with PO compared with control subjects. 42 .44 .45 These discrepancies may be
secondary to partial-volume effects which could not be avoided because of the
use of axial images that were not perpendicular to the SN. 42 .44 .4 5 In addition, iron
is deposited in the SNc with normal aging and this may create difficulties in
separating patients from controls. 39 Moreover, only one study has found
correlation between the width of the SNc and measure of clinical severity. 45
Furthermore, ever since the description of the anatomy of SN on MRI, 46 there
has been concern about the accuracy of the anatomic correlation.

The

description of the high signal band on T2WI corresponding to the SNc has been
questioned. Immunohistochemical studies suggest that the SNc does not extend
all the way to the RN and the pigmented neurons in this location are part of
parabrachial pigmented nucleus. 47 There are also white matter tracts in this
region and rather than representing the SN, the T2 hyperintense band could be
the site of white matter of the nigrostriatal tracts. 48
If the iron is the chief determinant of the hypointensity on T2WI and is also
deposited during the disease, it was thought that the estimation of T2 relaxation
time might be more reliable than the visual analyses of the T2W images, in
differentiating healthy subjects from those with P0. 49 Indeed, literature contains
many attempts to use T2 relaxometry measurements as a surrogate marker of
the disease. However T2 measurements are not reliable enough because of the
fact that these overlap considerably in control and PO groups in SN, 50 also these
are affected by local iron induced magnetic field inhomogeneities, arising from
tissue-tissue and

air-tissue interfaces.

Field

strength

is also a crucial

consideration, because relaxation rates theoretically increase with magnetic field
strength and the concentration of the iron. Recently, with high field strength MRI
at 3 T to measure the proton transverse relaxation rate (R2*), using multiple
gradient-echo sequence designed to minimize magnetic field inhomogeneities
which improves the specificity of transverse relaxation measurements, Martin et
15

al, have demonstrated regional increase in iron content as evidenced by
increased R2* in the lateral SNc in early untreated PD, which also correlated with
disease severity. These findings are consistent with increased iron content and
corresponding to the known distribution of neuronal loss occurring in PD. 51 This
may ultimately provide an imaging marker for disease progression in PD,
although longitudinal studies are required.
Proton density (PD)-weighted and fast short inversion time inversionrecovery (FSTIR) images enhance gray matter-white matter contrast, thereby
reducing the effect of "iron-related" mechanisms of T2WI. Several neuroimaging
studies have described that SN is visible on PD-w or FSTIR images as a tilted
band like structure of hyperintense grey matter without discriminating between
the SNr and SNc. On coronal images, the SN is mainly seen inferolaterally to the
RN and on sagittal images, anteroinferiorly. This is in line with anatomic
descriptions of the SN and is different in location to that of hypointense region
seen on T2WI. 52 These authors did not find any volume loss in Parkinson
disease compared to controls.
In PD, SNc degenerates from lateral to medial and in an anterior-toposterior direction. Although thinning of SNc occurs in cases of PD, 46 it is difficult
to assess with routine T2W and T1W images as this nucleus is only a few
millimeters wide and takes on an irregular appearance as the disease
progresses. This makes the width difficult to define with precision and, again
necessitates the use of special sequences. To assess SNc atrophy, Moriwaka
and colleagues used long TE sequences to measure the width between the red
nucleus and the cerebral peduncle showing low signal intensity (corresponding to
the SNc) and also its ratio to the distance from the aqueduct to the midline of the
cerebral peduncle was also measured. 53 There was a significant reduction in the
width of SN and its ratio in Parkinson's disease.
Heavily T1W inversion-recovery images show signal abnormalities in the
SN in PD at 1.5T. Hutchinson and Raffa used similar MRI technique to assess
16

(
(

SNc atrophy. One sequence was specifically designed to suppress peduncular
white matter and the other to suppress nigral gray matter. These image types are
white matter-suppressed (WMS) and gray matter-suppressed (GMS). On GMS
sequences, there is increased signal in areas of degeneration, while on WMS
sequences; the signal is reduced in the same regions. Using the ratio of
inversion-recovery acquisitions, WMS to GMS, the sensitivity of the signal
changes is increased. 54 A gradient of increasing signal abnormality from medial
to lateral and inferior is found in PD using this protocol. 54 ·55 Also, the radiological
index of lateral to medial SN signal found to correlate with clinical severity. 55
Furthermore, they demonstrated that using the WMS image, an automatic
segmentation technique (called as segmented inversion-recovery imaging
[SIRRIM]) that can be applied to extract the SN. 56 It could potentially distinguish
PD from healthy controls, essential tremor, and APDs and may be potentially
sensitive enough to assess changes in the early course of the disease. 57
Because of the aforementioned technical difficulties and varying results in
different studies, MRI evaluation of SNc in PD has not become a routine study in
many centres. SN is also affected to some extent in APD and may show
smudging of the SN hypointensity towards the red nucleus or signal change. 44
Also, most neurologists do not need MRI to diagnose PD in its typical
presentation. In the setting of PD, MRI may have a role in detection of
presymptomatic disease, especially in the inherited disorder, which would allow
the early introduction of neuroprotective treatments in those determined to be at
risk, when it becomes available. Furthermore, the potential for staging the
disease might allow assessment of future neuroprotective interventions in both
presymptomatic and symptomatic patients.
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. CONVENTIONAL MRI FINDINGS IN MSA:

Abnormalities on cMRI (on T1WI and T2WI) at 1.5 T in patients with MSA
includes putamina! abnormalities such as atrophy, hypointensity of the putamen
(especially in the posterior and lateral part), "slit-like" marginal hyperintensity
along the lateral putamen, infratentorial abnormalities like atrophy and or signal
changes of the pons, middle cerebellar peduncles (MCPs), and cerebellum. MRI
strength (0.5 Tesla (T) or 1.5T) determines the yield of these findings? 7· 58-64
Both 1.5T and 0.5T MRI demonstrate "slit like" rim of hyperintensity
(compared to the cortical signal) along the lateral putamen on T2W and proton
density images. This lateral hyperintense rim reflects degeneration of the
putamina! lateral margin and/or external capsule with increased content of water
in the enlarged extracellular spaces due to the loss of myelin and axons
associated with tissue rarefaction and dilatation of the perivascular spaces. 65 The
second important finding in MSA is the presence of putamina! hypointensity
(isointense or hypointense to the pallidum) on T2W images which is more
marked in the posterior part of the nucleus. This finding is not seen on 0.5T
MRI. 62 •66 This reflects the diffuse ferritin and ferric iron (Fe3+) deposition in the
putamen. 65
Although putamina! atrophy appears to discriminate MSA from PO, T2
putamina! hypointensity and a putamina! hyperintense rim may also occur in the
P063 •67 •68 In fact, on T2-weighted images at 3.0 T, a hyperintense putamina! rim is
a nonspecific, normal finding. 69 The lateral hyperintense rim could differentiate
MSA from PSP with a specificity of 91%, positive predictive value (PPV) of 84%
but has a low sensitivity of only 30%. 62 In comparison with PO, the lateral
hyperintense rim had a sensitivity of just 40.6% but a PPV of 100% to diagnose
MSA.60 A very thin line of milder hyperintensity along the entire lateral profile, at
the interface with external capsule may be confused with the putamina! slit. This
very subtle line has been observed in APO also. Even normal subjects rarely
may show a very thin hyperintense rim along the anterior border of putamen. 66
18

Hypointense putamina! changes are not specific for MSA and can be seen in PD,
PSP and with normal aging as well. In one study, hypointense changes in the
putamen were found in 9% cases of PD, 40% cases of PSP and 36% cases of
MSA.61 Schrag et al., 60 also found that putamina! hypointensity though more
frequent in MSA was not useful for differentiating MSA from PD. However, it is
suggested that a pattern consisting of hypointense and hyperintense T2 changes
within the putamen is a highly specific MRI sign of MSA with 100% specificity but
60% sensitivity. 61
The demonstration of infratentorial abnormalities, both atrophy and signal
change, does not depend on the magnetic field strength. Atrophy and signal
changes have a characteristic distribution, mainly involving the pons, MCP and
cerebellum. Pontine atrophy is most obvious in saggital midline section by
comparing the decreasing bulge of pons compared to the midbrain and medulla.
The flattening of the normal profile of pons begins in the caudal pons. Atrophy of
the MCP can be better seen in coronal sections. In addition to atrophy, signal
changes may be seen in proton density and T2W images consisting of slight
hyperintensity in the structures that degenerate or become gliotic. These include:
(a) pontine nuclei and their transverse pontine fibers which cross the midline and
reach the cerebellum through MCP (b) the whole cerebellum because of loss of
Purkinje cells and degeneration of their fibers and consequent gliosis. When
these hyperintensities are viewed in conjunction with the normal signal of
structures that do not degenerate (like superior cerebellar peduncle and
corticospinal tracts), a "hot cross bun sign" can be seen in the axial sections of
pons. Schrag et al., 60 found that any infratentorial abnormality (atrophy or signal
changes in pons, midbrain, MCP or cerebellum) has a sensitivity of 71.9% and
PPV of 92% to differentiate MSA from PD while, when only signal changes are
considered, sensitivity was 40.6% and PPV was 100%. Above mentioned
infratentorial signal changes could differentiate MSA from PSP with a sensitivity
of 30-50% and specificity of 94-100%. 62 Pontine and cerebellar abnormalities
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typical of MSA have also been reported to occur in hereditary ataxias (particularly
SCA 1, SCA2 and SCA3) thus reducing their specificity?0
Other infratentorial abnormalities mentioned in MSA include atrophy and
hyperintensity of the inferior olivary nuclei and dentate nucleus atrophy. However
due to considerable variability in reading these findings they have not gained
wide acceptance.

Dilatation

of fourth

ventricle is another infratentorial

abnormality in MSA. 62 Overall, the speci?city of the MRI signal changes and
atrophy at 1.5 T associated with MSA in putamen and infratentorial structures
27 •28•60-6 4

compared with PO or healthy controls is high, 60 ·63 •71 but their reported

sensitivity to detect MSA is inconsistent in the literature and suboptimal in the
early disease stages. 66 •72 A recent study in fact suggests a positive association
between disease duration and MRI abnormalities in the putamen. The frequency
of putamina! abnormalities increased from 38.5% (with disease duration of 2
years or less) to 80% when the disease duration was more than 4 years. 72
Sensitivity can be somewhat improved by modifying technical aspects such as
slice thickness and the use of conventional spin-echo (CSE) or T2*- weighted
gradient echo

sequences. 73-75

The

speci?city of conventional

MRI

for

discriminating MSA from other types of APD is suboptimal.
Evidence supporting a role for conventional MRI in the diagnosis of MSAC is scarce. In patients with MSA-C, pontine and cerebellar changes occur earlier
and with greater severity than putamina! changes, which appear late and are less
prominent. Conversely, in MSA-P putamina! changes are more prominent and
appear earlier than the infratentorial abnormalities. 66 Burk et al., 76 investigated
the discriminative validity of conventional MRI (cMRI) at 1.5 T in patients with
sporadic cerebellar ataxia including patients with MSA-C and patients with
idiopathic cerebellar ataxia and Parkinsonism (IDCA-P). Patients with MSA-C
were characterized by a higher frequency and severity of MRI abnormalities
(atrophy and hyperintense signal changes) of the MCP and pons. The presence
of these MRI features thus points to the diagnosis of MSA-C and helps
20

differentiate MSA-C from other types of sporadic cerebellar ataxia with
extracerebellar features.
CONVENTIONAL MRI FINDINGS IN PSP:

Specific cMRI findings associated with PSP include midbrain atrophy with
dilatation of the third ventricle, tegmental atrophy, increased signal intensity in
midbrain and inferior olives, atrophy of superior cerebellar peduncle (SCP) as
well as frontal and temporal lobe atrophy. 62 •67 •77-82 Abnormalities of the basal
ganglia are more variable findings and less useful for diagnosis. Indirect
parameters of midbrain atrophy comprising reduced ateroposterior (AP) midbrain
diameter, dilated third ventricle and abnormal superior profile of the midbrain (flat
or concave versus convex aspect in healthy individuals) may assist in the
differential diagnosis of PSP .64 •78 •83
Atrophy of the midbrain is found in 75-89% of clinically diagnosed PSP
patients. 62 •67 •82 Most MR imaging studies confirm the diagnostic value of midbrain
atrophy in PSP, but evaluation methods vary widely and include subjective
estimation, measurement of the transverse or craniocaudal diameter of the
midbrain peduncles. Therefore, it is not surprising that, in addition to reduced
midbrain diameters, normal-appearing midbrains have been reported in PSP.
Atrophy of the midbrain and dilatation of the cisterns are more clearly observed
on mid-sagittal images than axial images, especially in the upper midbrain. Midsagittal MRI can precisely show atrophic changes that can be reproducibly
documented by objective measurements that are not subject to the influence of
the scanning angle. However, to avoid partial volume effects care has to be
taken that the cuts are not too thick. Warmuth-Metz et al., 78 measured the
midsagittal midbrain diameter on routine T2W images in cases with PD, PSP and
MSA and also in normal controls. They found the midbrain diameter in PSP
(range 11-15 mm) was significantly less and measurements did not overlap with
PD (range 17-19 mm) and control subjects (range 17-20 mm). This indicated that
patients with PSP could be distinguished from those with PD. However, patients
21

with MSA-P also showed midbrain atrophy and their midsagittal midbrain
diameters (14-19 mm) showed overlap with values from patients with PSP, PD
and control subjects. In the same study, they also measured the diameter of the
collicular plate to assess the midbrain atrophy. Diameter of the collicular plate,
taken in the axial sections, was smaller in cases with PSP as compared to those
with MSA, again showing overlap.
Oba and colleagues calculated the areas of the midbrain tegmentum and
the pons on mid-sagittal MRI. 80 They found that the average midbrain area of the
patients with PSP (56.0 mm 2 ) was significantly smaller than that of the patients
with PD (103.0 mm 2 ) and MSA-P (97.2 mm 2 ) and that of the age-matched control
group (117.7 mm 2 ). The values of the area of the midbrain showed no overlap
between patients with PSP and patients with PD or normal control subjects.
However, patients with MSA-P showed some overlap of the values of individual
areas with values from patients with PSP. The ratio of the area of the midbrain to
the area of pons in the patients with PSP (0.124) was significantly smaller than
that in those with PD (0.208) and MSA-P (0.266) and in normal control subjects
(0.237). Use of the ratio allowed differentiation between the PSP group and the
MSA-P group. They concluded that, a midbrain area <70 mm 2 strongly suggests
the diagnosis of PSP (sensitivity 100% and specificity 91.3% ), while a ratio of
midbrain tegmentum to pons of <0.15 strongly argues against the diagnosis of
PD or MSA-P or normal aging (sensitivity and specificity 100%).
Midbrain atrophy can also be assessed without linear measurements. The
upper profile of normal midbrain in saggital sections has a slight superior
convexity with the highest point approximately midway between the aqueduct
and mamillary bodies. In PSP, this profile flattens and may become concave in
its posterior part, because of atrophy and reduced height of the midbrain
tegmentum associated with enlargement of the third ventricle. 56 Also because of
the atrophy of the midbrain tegmentum in patients with PSP, a peculiar sign has
been described called as "penguin silhouette" or "hummingbird" sign where the
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shape of the midbrain tegmentum (the bird's head) and pons (the bird's body) on
the midsagittal MR images resemble a lateral view of a standing king penguin,
which has a small head and big body. 80 •84 Although both the midbrain and the
pons diminish in size during the course of PSP, midbrain atrophy is consistently
more severe than pontine atrophy in all stages of PSP. 78 •80
Most recently, visual assessment of atrophy of the SCP which can be
detected using cMRI, has been shown to differentiate PSP patients from controls
and patients with other parkinsonian disorders, including MSA and Parkinson's
disease, with a sensitivity of 74% and a speci?city of 94%. 81 ·85 On the other hand,
advanced MR modality, especially rADC of SCP differentiate PSP patients from
MSA and PD with 100% sensitivity and 93% specificity. 108 Quantitative MRI
volume measurements have shown that the SCP is 20% smaller in PSP than in
controls and MSA and 16% smaller than in PD. 81 However there is an overlap
between individual SCP volume measurements in the PSP subjects and MSA,
PD and healthy controls. Moreover some patients with PSP may have increased
signal changes in the SCP on fluid attenuated inversion recovery (FLAIR)
images, which seem to be absent in PD and MSA. 86
Disproportionate dilatation of the third ventricle compared to the lateral
ventricles is another MRI characteristic of PSP. This may be caused by
diencephalic extension of atrophy. This finding can help differentiate PSP from
MSA with a specificity of 80%, sensitivity of 77% and PPV of 71%. 62 Mild to
moderate cerebral atrophy may also be observed in most of PSP patients,
sometimes more marked in frontal and temporal lobes. 62 However the atrophy is
not asymmetric or focal as in CBD.
Other MRI findings in PSP include signal changes characterized by mild
hyperintensity of the midbrain tegmentum and periaqueductal region seen in
proton density and T2W images. These signal changes result from gliosis and
tau-positive lesions in the midbrain tegmentum and periaqueductal region. 87
These abnormalities may extend caudally to the pontine tegmentum. Signal
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changes in the midbrain are recognizable in about 60% of the PSP patients. 82
Atrophy and hyperintensity of

globus pallidus (on 0.5-T scans), atrophy and

hyperintensity of the red nucleus (on 0.5 T scans) have also been mentioned as
MRI changes in PSP. Pallidal hyperintensity should be interpreted in old age with
caution. Lacunar infarcts, dilatation of Virchow-Robin spaces or rarefaction of
fibers and gliosis accompanying calcium deposits can all cause pallidal
hyperi ntensities. 66

CONCLUSIONS

REGARDING

USE

OF

CONVENTIONAL

MRI

TO

DIFFERENTIATE PO, MSA AND PSP.
Overall, in PD cMRI changes are essentially confined to the SNc and difficult to
discern with routine T2 and T1 sequences. Although MSA and PSP show
findings with high diagnostic specificity and PPV, the sensitivity of cMRI to
differentiate MSA, PSP and PD from each other is suboptimal. Measurements of
area or volume of different structures is tedious and is not routinely used.
However cMRI plays an important role of ruling out symptomatic causes of
parkinsonism.
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TABLE

1:

SALIENT

FEATURES

OF

PO,

MSA-P

AND

PSP

IN

CONVENTIONAL M Rl
PO

REGION
PUTAMEN

MSA-P

PSP

No putamina!
atrophy

Putamina! atrophy

No putamina! atrophy

Hypointense
putamina! changes
{milder and less
common than in
MSA-P)

Posterolateral
hypointensity of the
putamen

Hypointense
putamina! changes
{less common than in
MSA-P)

"Slit like" rim of
hyperintensity along
the lateral putamen
Combination of the
above
(more specific)

PALLIDUM

Normal

Normal

Atrophy and
hyperintensity

SUBSTANTIA
NIGRA

Narrowing of the
SNc area (T2W)

Smudging of the
SNc

Smudging of the SNc

Restoration of the
SNr signal intensity
on (T2W)
Only age related

Age related

Mild to moderate
global atrophy more
in frontal and
temporal lobes
(but not focal atrophy
or asymmetric)

Disproportionate
dilatation of the
fourth ventricle
com pared to the
lateral ventricles

Disproportionate
dilatation of the third
ventricle compared to
the lateral ventricles

FRONTAL and
TEMPORAL
LOBE
ATROPHY

VENTRICULAR
DILATATION

~-~----

None
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TABLE 1 (continued):
REGION
MIDBRAIN

PD
Diameter: 17-19
mm

PSP

MSA-P
Diameter: 14-19
mm

Midbrain atrophy:
Diameter: 11-15 mm
Midbrain area
<70 mm2
Penguin silhouette
sign or
"hummingbird" sign
Flattening of upper
convex profile of
midbrain tegmentum
in midsaggital cuts
Tegmental
hyperintensities

PONS

..

Pontine atrophy
Pontine
hyperintensity
("Hot cross bun
sign")
Normal

p

Atrophy and
Hyperintensity

SUPERIOR
CEREBELLAR
PEDUNCLE

Normal

MIDDLE
CEREBELLAR
PEDUNCLE

Normal

Atrophy and
Hyperintensity

Normal

CEREBELLUM

Normal

Greater atrophy and
hyperintensity

Normal

MEDULLA
;

Normal

Red nucleus atrophy
and hyperintensity
Lesser degree of
atrophy compared to
midbrain and in MSA-

Normal

Atrophy of the
dentate nuclei
Atrophy
& hyperintensity of
inferior olivary
nuclei

Normal
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DIFFUSION WEIGHTED IMAGING (DWI) AND
DIFFUSION TENSOR IMAGING (DTI):

PRINCIPLES OF DTI and DWI:

Usefulness

of

diffusion-weighted

MR

imaging

in

neurodegenerative

parkinsonism, has been an important area of research in the past decade. Briefly
speaking, this approach is based on the measurement of diffusion of molecules,
whether isotropic or anisotropic. 88 ·89 Such diffusivity can quantitatively assessed
by measuring apparent diffusion coefficient (ADC) or the trace from the diffusion
tensor Trace (0). 90 Pathologic processes such as neuronal degeneration and
secondary astrogliosis, causes increased mobility of water molecules within the
tissue architecture. This leads to increased mean diffusivity; and decreased
fractional anisotropy (FA) within these regions. 89

UTILITY OF DWI AND DTI IN PO, MSA and PSP

Schocke et al, 91 for the first time investigated the usefulness of DWI to detect
tissue architecture disruption due to neuronal loss and gliosis in parkinsonian
disorders. Since then there is an increasing use of DWI as a diagnostic tool for
neurodegenerative parkinsonian syndromes, mainly PD, PSP and MSA. Several
studies have shown that DWI/DTI may help in differentiating PSP and MSA-P
from PD patients on the basis of increased ADC or diffusion trace values or
decreased FA values in various brain regions especially in the basal ganglia and
brainstem.
USE OF DWI/DTI FOR DIAGNOSIS OF PD
\

'

Specific abnormalities on DWI in patients with Parkinson's disease have been
described in very few studies. Earlier studies focusing on the measures of
diffusivity, by measuring regional apparent diffusion coefficient (rADC) or trace of
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diffusion tensor {Trace [D]), but not the FA, mainly in the midbrain and SN

90-95

did not find any difference between patients with PD and healthy control.
However, several recent studies have reported decreased FA in the SN in
patients with PD as compared to healthy controls. 96-98 This observation is in line
with the well known neurodegeneration of the SN in PD, however exact
mechanism of the reported FA changes is not known. Chan et al., 97 in a large,
prospective, case control study including 73 PD patients and 78 healthy control
subjects, demonstrated that the FA value in the SN on DTI was lower in PD
compared with healthy controls, and correlated inversely with the clinical severity
of PD. FA values of caudate, putamen, pallidum and thalamus were not
significantly different between PD and controls. However, FA measures could not
identify PD patients on an individual basis, as no single FA value had both a high
positive and negative predictive power for PD. A recent study included only
patients with newly diagnosed PD and evaluated FA in ROis (regions of interest)
drawn in the rostral, middle, and caudal SN, using high resolution DTI at 3T.
They found that reduced FA in the caudal SN could distinguish PD from healthy
subjects, with 100% sensitivity and specificity, suggesting high resolution DTI in
the SN potentially serve as a noninvasive early biomarker for PD. However,
further studies confirming these findings are warranted.
Other groups drew attention by performing whole brain DTI analyses in patients
with PD. 99 •100 The finding of an increased twenty-fifth percentile of the whole
brain FA histogram in patients with PD compared with controls in the absence of
total brain, gray matter and white matter volume changes was interpreted as
subtle whole brain gray matter loss in patients with PD. 99 Karagulle Kendi et
al., 100 using statistical parametric mapping analysis of DTI, observed decreased
FA in patients with PD in the frontal lobes, including the supplementary motor
area, the presupplementary motor area, and the cingulum without volume loss.
These results confirm that the neurodegenerative process extend well beyond
the basal ganglia in PD. 99•100
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USE OF DWI/DTI FOR DIAGNOSIS OF MSA AND PSP

Over the past decade, there has been growing interest in the use of DWI/DTI for
the differential diagnosis of atypical parkinsonism from PO and promising results
have been obtained to date. The most relevant studies are summarized in Table
2. Several studies performed on a ROI basis have shown that OWl permits
discrimination between MSA-P in early disease stages, PO and healthy subjects
on the basis of putamina! diffusivity measure values (ADC and Trace(D)
values), 90 •91 •94•95 •101 - 105 which also correlated with disease severity. 90 ·91 •105 Seppi
et al compared OWl to IBZM-SPECT in 15 patients with MSA-P, 17 patients with
PO and found elevated striatal ADCs has significantly higher predictive accuracy
than 02R binding with IBZM (97% versus 75%) suggesting that OWl may be
more accurate compared to IBZM SPECT in distinguishing MSA-P from PD. 95
Additionally, the same group investigated the topographic profile of putamina!
degeneration in 15 patients with probable MSA-P, 20 patients with PO, and 11
healthy volunteers, by means of regional Trace (D) values in the entire, anterior,
and posterior putamen. A more severe involvement of posterior compared to
anterior putamina! diffusivity was found in patients with MSA-P. These findings
are in line with the known underlying neuropathology in MSA-P, 102 suggesting the
role of OWl as a potential surrogate marker for neurodegeneration in MSA-P.
Kanazawa M et al) 06 investigated brainstem involvement in 12 patients
with MSA with predominant cerebellar symptoms (MSA-C) and 11 controls
matched for age using OWl. They demonstrated that ADCs in the pons and
middle cerebellar peduncle of MSA-C patients were significantly higher as
compared normal controls even in the early stage of the disease. Furthermore,
increased ADC values correlated well with the disease duration, suggesting that
OWl is a useful noninvasive method for the quantitative evaluation of the
brainstem involvement in MSA-C patients. In a more recent study, Pellecchia et
al., 105 demonstrated that Trace (D) values in the putamen were significantly
higher in MSA-P than in MSA-C patients and controls, whereas Trace (D) values
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in the cerebellum and middle cerebellar peduncle (MCP) were significantly higher
in MSA-C than in MSA-P patients and controls. Additionally, increased Trace (D)
values in pons of MSA-P patients, and in cerebellum and MCP of MSA-C
patients correlated with disease duration while, putamina! Trace (D) values in
MSA-P patients correlated with disease severity. Authors concluded that the
Trace (D) measurements in the putamen and pons in MSA-P patients and in the
cerebellum and MCP in MSA-C patients could serve as quantitative markers for
microstructural damage in the course of disease.
Studies have shown that putamina! ADC and Trace (D) values could
distinguish patients with MSA-P from PD, there was significant overlap in the
diffusivity measures between patients with MSA-P and PSP. 94 ·101 However
increased diffusivity in the MCP in patients with MSA compared to PSP
and increased diffusivity in the SCP

92 ·107·108

92 ·93 ·101 •107

in patients with PSP compared to

MSA-P allow a good discrimination between these two disease entities. In
addition increased diffusivity measures or decreased FA in the SCP has been
shown to distinguish PSP from PD and healthy controls or even corticobasal
syndrome. 92 ·107-109 Although abnormal diffusivity in the MCP has been reported to
be of high diagnostic accuracy for MSA-P in some studies

93 ·101

this could not be

confirmed by others. 92 •105
Using 3.0 T, Trace (D) values in the pons, cerebellum, and putamen were
found to be significantly higher and FA values lower in MSA than in PD or
controls. In differentiating MSA-P from PD using FA and Trace (D) values, there
was similar sensitivity (70%) and higher specificity (100%) in the pons than in the
putamen and cerebellum. In addition, all patients who had both significantly low
FA and high Trace (D) values in each of these three areas were MSA-P cases,
and those who had both normal FA and Trace (D) values in the pons were all PD
cases. 103
Although most report have found clearly increased putamina! diffusivity
measures in MSA-P at 1"5T, 90 ·91 ·101 -105 Paviour et al., 93 found that ADC in the
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putamen did not differ between patients with MSA and patients with PD or PSP.
Methodological and demographic reasons might explain this. Disease duration
especially of the PD group in the article by Paviour and coworkers were longer
than in previous articles. The OWl MR protocol with a slice thickness of 7 mm
compared to 2-5 mm used in other studies

92 •94 •101 •103

might be inadequate.

Furthermore, segmentation errors may have occurred; indeed, in the published
figure displaying the ROts the delineated ROI of the putamen clearly contains
parts of the globus pallidus and the thalamus is larger than that displayed. The
same study 93 also failed to detect diffusivity changes in the SCP of PSP patients,
again in contrast with the previous reports at 1.5 T.
With respect to the use of MRI measures as biomarker for the disease
progression, several studies have found a correlation of putamina! diffusivity
measures with the disease severity. 90 •91 •105•110
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Table 2: Review of literature on DWI/DTI imaging in atypical parkinsonism
Study
Year

Cohort size
Methods

Results

Diagnostic
predictors

Sn

Sp

Comments

Schocke et
al 2002 91

10 MSA-P, 11 PD, 7 HC

Sig increased PUT
ADC
(MSA-P vs PD and
HC)

PUT ADC
=0.760X
10-3mm 2/s

100%
MSA-P

100%
vs PD
vsHC

cMRIFisher's
exact test

No sig group diff in
other ROis

PUT HIR

80%

94%
VS PD
vsHC

DWIone way
ANOVA f/b
Bonferroni
correction

PUT atrophy

60%

100%
PD
vsHC

Assesment of ADC
value (measured in the
slice direction only) on a
ROI basis in several
ROis (pons, SN, GP,
CN, PUT, thai, GM, WM)
Slice thickness 3mm
cMRI : PUT HIR and
atrophy

Sig correlation b/w
PUT ADC and
UPDRS-111

VS

Seppi et al
200394

12 MSA-P (2 poss, 10
prob), 13 PD, 10 PSP
Assessment of ADC
value (measured in the
slice direction only) on a
ROI basis in several
ROis (pons, SN, GP,
CN, PUT, Thai, GM,
WM)

Sig increased ADCs
in PUT, GP, CN
(PSP vs PD)

PUTADC
=0.760X
10-3mm2/s

No sig diff b/w
MSA-P vs PSP

100%

100%

MSA-P

VS

PD

90%
PSP

DWIKruskalWallis test
post hoc
MannWhitneyU
tests

Slice thickness 3mm
Kanazawa

12 MSA-C, 11 HC

et al

Assessment of ADC
value (measured in the
slice direction only) on a
ROI basis in several
ROis (MCP, pons, CN,
PUT, Thai, WM)

2004 106

Slice thickness 6mm

Seppi et al
200495

15 MSA-P, 17 PD, 10
HC
Assessment of striatal
ADCs and S/FC ratio
using IBZM SPECT
ADC value measured in
z slice direction only
Slice thickness of 2 mm

Sig increased ADC
values in pons,
MCP, PUT and
cerebellar WM in
{MSA- C vs HC)

NA

NA

NA

NoSig
correlation
b/w disease
duration
andADC
value in
PUT

Striatal
ADCs
> 0.795 X
10"3mm 2/s

93%
MSA-P

100%
PD
vs HC

DWI&
S/FC ratioone way
ANOVA f/b
Bonferroni
correction

Sig correlation b/w
disease duration
and ADC value in
MCP, pons and
cerebellar WM
Sig lower S/FC
ratios & higher
striatal ADC values
(MSA-P VS PD &
HC)
No sig diff b/w PD
vs HC

VS

Higher predictive
accuracy of striatal
ADCs {97%) vs
S/FC ratio (75%)
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Table 2: Continued
Study
Year
Schocke
et al,
200490

Cohort size
Methods
11 MSA-P, 17 PD, 10 HC
Assessment of ADC
value (measured in the 3
orthogonal directions) &
and of the averaged ADC
(Trace(D)) on a ROI
basis (pons, SN,GP, CN,
PUT, Thai, GM, WM)
Slice thickness of 2mm

Results
Sig higher ADC
value in PUT & GP
(MSA-P vs PO &
HC)

Diagnostic
predictors
PUT
Trace(D)
> 0.80X
10"3mm 2/s

Sn

Sp

Comments

100%
MSA-P

100%
vs PD
vs HC

NA

NA

NA

FA- MannWhitney Utest

PUT rTrcae
(D)> 0.80X
10-3mm2/s

93%
MSA-P

100%
vs PD
vsHC

rTrcae (D)
one way
ANOVAf/b
Bonferroni
correction

Complete
discrimination b/w
MSA-P vs PD & HC
with Trace(D) in
PUT
Sig correlation b/w
UPDRS Ill and PUT
diffusivity

Shiga et
al, 2005 111

11 MSA (3 MSA-P, 8
MSA-C), 10 HC
Assessment of FA values
in ICP, MCP, SCP, pons,
IC,CC
Slice thickness 3mm

Seppi et
al, 2006 102

15 MSA-P, 20 PD, 11 HC
Assessment of rTrcae (D)
values in entire, anterior
and posterior PUT
Slice thickness of 2mm
cMRI : PUT HIR,
hypointensity and
atrophy

Sig decreased FA in
MCP, basis pons
and IC (MSA vs
HC)
Sig negative
correlation of MCP
FA value with ataxia
score
Sig increased
rTrcae (D) values in
the entire, anterior
& posterior PUT
(MSA-P vs PD &
HC)
Sig higher rTrcae
(D) value in
posterior PUT vs
anterior in MSA-P
No sig diff b/w
rTrcae (D) values in
posterior and
anterior PUT in PD
and HC

Yoshikawa
et al
200696

12 PD, 8 HC, 7 PSP
Assessment of FA values
in 15 ROI in five
extrapyramidal circuits;
including nigrostriatal
projection (ROI along a
line b/w the SN and the
lower part of the PUT/CN
complex)
Slices thickness 3mm

Sig decreased FA in
nigrostriatal
projection (PD vs
HC)
Sig decreased FA in
all the circuits in
PSP patients

No significant
decrease in FA
values in the PUT,
CN, or nucleus
ventralis lateralis
in PD

cMRIFisher's
exact test
Posterior
PUT rTrcae
(D)> 0.80X
10"3 mm 2/s

100%
MSA-P

100%
vs PD
vsHC

rTrcae (D) of
entire and
posterior
PUT
moderately
correlated
with UPDRS
Ill in MSA-P

NA

NA

NA

Disease
duration or
disease
severity not
commented
in either
group
FA values
not corrected
for the same

FA values
in the BG in
PSP not
commented
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Table 2: Continued
Study
Year

Cohort size
Methods

Results

Diagnostic
predictors

Sn

Sp

Comments

Nicoletti et
al2006 101

16 MSA-P, 16 PO, 16
PSP, 16 HC

Sig increased PUT
ADC value (MSA-P
vs PO& HC)

MCPADC
=0.875X
10.3mm 2/s

100%
MSA-

p

100%
all
groups

PUT ADC
=0.953X
10.3mm 2/s

100%
MSA-

VS

rADCKruskalWallis test
f/b MannWhitney UtestBonferroni
correction

Assessment of rADC
values on a ROI basis in
several ROJs (MCP, pons,
GP, CN, PUT, Thai, GM,
WM)

Sig increased MCP
ADC value (MSA-P
vs all groups)

p

Slices thickness 5-mm
and 1-mm inter-slice gap

Blain et al
200692

10 MSA-P, 7 MSA-C, 12
PO, 17 PSP, 12 HC
Assessment of ADC and
FA values on a ROJ basis
in several ROis (MCP,
pons, decussation of
SCP)
Slices thickness 3-mm
without inter-slice gap

VS

100%
PD/HC
81%
vs PSP

Sig increased ADC
and decreased FA
values in MCP (MSA
vs PD/PSP/HC)

PUT ADC
=0.93X
10-3mm2/s

77%
PSP

VS

100%
PO
94vs
HC

NA

NA

NA

Sig increased pontine
ADC values (MSA vs
PD/PSP/HC)
Sig increased SCP
ADC values (PSP vs
MSA/PD/HC)

Sig diff in
disease
severity
among
groups
correction for
this diff not
done

Sig correlation b/w
ataxia score and ADC
value in MCP and
pons in MSA

Nilsson et
al, 200i 07

(

\

14 PSP, 14 HC
VBM and whole brain
voxel based analysis f FA

4 MSA-P, 2 PO, 3 PSP, 2
HC
Topography and
assessment of ADC and
FA values in SCP and
MCP

Reduced FA in
superior
longitudinal
fasciculus, ant part
of CC, arcuate
fasciculus, post
thalamic radiations
&IC
Degeneration of MCP
and pontine crossing
tracts with decreased
FA and increased
ADC in advanced
MSA
Selective
degeneration of SCP
in PSP

ADCand FA
-two-way
ANOVA f/b
Bonferroni
correction
Study not
powered to
analyze
subtypes of
MSA

Sig decreased SCP
FA (PSP vs PO)

Padovani
et al
2006 112

Not
adjusted for
age,
disease
duration
and severity

NA

NA

NA

NA

NA

NA

Number of
patients very
Jess in each
group
No statistical
analysis
done
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Table 2: Continued
Study
Year
Kollensp
erger et
al,
200i 04

Cohort size
Methods
9 MSA-P, 9 PD, 16 HC
Assessment of PUT ADC
values, H/M ratio and tit
table testing
Slice thickness of 3 mm

Results
Sig increased PUT
ADC (MSA-P vs PD &
HC}

Diagnostic
predictors
PUTADC >
0.79 X 10·
3 mm2 /s

Sn

Sp

Comments

100%
MSA-

100%

Disease
duration was
significantly
longer in the
PD group

p

Sig lower H/M ratio
(PD vs HC) sig
overlap b/w PD &
MSA-P

VS

PD
vsHC

one way
ANOVA f/b
Bonferroni
correction

No sig diff of BP
response to passive
tit (PD vs MSA-P)
DWI imaging superior
to both tilt table
testing & MIBG
scintigraphy in DD of
PD vs MSA-P
Paviour
et al,
200793

11 MSA-P, 12 PD, 20
PSP, 7 HC
Assessment of ADC
values on a ROI basis in
several ROts (MCP,
caudal and rostral pons,
MB, decussation of SCP,
GP, CN, PUT, Thai, CC
frontal and parietal WM,
centrum semiovale)
Slice thickness - 7mm

Sig higher ADC value
in MCP and rostral
pons (MSA-P vs PSP
and PD)

MCPADC >
0.733 X 10·
3mm 2/s

91%
MSA-

p

84%
vs
PSP
82%
vs all
group

Sig correlation b/w
ADC value in rostral
pons and H& Y in
MSA-P

rADCKruskalWallis test
f/b MannWhitney Utest
Disease
duration and
severity
different
among the
groups

Sig correlation b/w
GP ADC value and
H&Y and UPDRS Ill
in PSP

No sig diff in ADC
value in PUT, GP,
CN (PSP vs PO)
Ito et al,
200i 03

20 MSA (10 MSA-P), 21
PD, 20 HC
Assessment of ADC and
FA values on a ROI basis
in pons, cerebellum and
PUT at 3.0T
Slice thickness - 2mm

Sig higher ADC and
lower FA values in
the pons, cerebellum
& PUT (MSAvs
PD/HC)
No diff in ADC/FA
values in various
regions (MSA-P vs
MSA-C)

Sn & Sp values
given for MSA·P {10)
vsPD

ADC pons >
0.98X 10"
3 mm 2/s

70%

70%

ADCKruskalWallis test

ADC
Cerebellum >
0.96 X 10·
3mm 2 /s

60%

88%

Sig diff in the
disease
duration
(MSAvs PD)

ADC PUT >
0.83X 10"
3mm 2/s

70%

64%

FA pons < 0.38

70%

100%

FA cerebellum<
0.30

70%

64%

FA PUT< 0.35

70%

88%

ADC+FA in all 3
regions

90%

100%
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Table 2: Continued
Study
Year

Cohort size
Methods

Results

Diagnostic
predictors

Sn

Sp

Comments

Chan et
al200797

73 PD, 78 HC

FA value of SN was
lower (PD vs HC)

SNFA
0.403

49%
(PD)

72%
vs HC

Mean of right
and left FA
and ADC
values of
CN, PUT,
GP, Thai,
SNwas
used in the
analysis

Assessment of ADC and
FA values on a ROI basis
in CN, PUT, GP ,Thai, SN
Slice thickness - 4mm

<

No single FA value
had both high positive
and negative
predictive power for
PD
No sig diff in FA
values for the CN,
PUT, GP or Thai, b/w
two groups

Nicoletti
et al,
2008 108

15MSA-P, 16 PD, 28 PSP,
HC15
Assessment of ADC values
in the SCP

ADC and FA
MannWhitney test

Sig higher SCP ADC
values
(PSP vs MSA-P, PD
and HC)

SCPADC >
0.943 X 103 mm 2 /s

100%
(PSP)

Slice thickness - 5mm

93%
vs PD
&
MSAp
100%
HC

VS

100%
vs PD
87%
VS

MSAp
Rizzo et
al,
2008 109

10 PSP, 7 CBS, 13 PD, 9
HC
Assessment of ADC values
on a ROI basis in several
ROis (midbrain, CC, SCP,
GP, CN, PUT, Thai,
posterior limb of IC, frontal
and· parietal WM)
Generation of histograms
of ADCs (with
determination of medians)
for all voxels in left and
right cerebral hemispheres
and in left and right deep
gray matter regions
separately to calculate the
ratio of the smaller to the
larger median value
(symmetry ratio) for left
and right hemispheres and
for left and right deep gray
matter regions (1 perfect
symmetry)

Sig higher PUT ADC
values (PSP and CBS
vs PD and HC)

Hemispheric
symmetry ratio

100%
(CBS)

100%
VS

PSP
PD&
HC

Sig higher SCP ADC
values in (PSP vs
CBS, PD, and HC)
Sig higher median
ADC values of the
cerebral hemispheric
histograms (CBS vs
PSP, PD, and HC)

PUT ADC
> 0.745 X 103 mm 2 /s

86%
(CBS)

91%
vs HC
&PD

ADCKruskalWallis test
f/b MannWhitney Utest
Sig diff in the
age, disease
duration and
disease
severity
(PSP vs
MSA-P &PD)
ADCKruskallWallis test
f/b MannWhitney Utest
Sig diff in the
disease
duration b/w
groups

92

Complete
discrimination b/w
CBS and the other
groups based on the
hemispheric
symmetry ratio

VS

SCPADC >
0.815 X 103 mm 2/s

90%
(PSP)

PD

85%
PD

VS

=

Slice thickness

=5mm

I

---~-
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Table 2: Continued
Study
Year

Cohort size
Methods

Results

Diagnostic
predictors

Sn

Sp

Comments

Pellecchi
a et al,
2009 105

9 MSA-P, 12 MSA-C, 11
HC

Sig increased ADC
values in entire & anterior
PUT (MSA-P vs MSAC/HC)

NA

NA

NA

ADCKruskallWallis test
f/b Dunn's
test

17 HC- for calculating
regression lines in each
ROis
Assessment of ADC
values on a ROI basis
in several ROis (MCP,
pons, anterior and
posterior PUT, entire
PUT, CN, cerebellar
WM)
Slice thickness - 3mm

Sig increased ADC
values in posterior PUT
(MSA-P VS HC)

Sig diff in the
age (MSA-P
older than
MSA-C &
HC)

Sig increased ADC
values in MCP and
cerebellar WM (MSA-C
vs MSA-P/HC)

Sig diff in
disease
severity (less
severe in
MSA-C vs
MSA-P)

Sig increased pontine
ADC values (MSA-C vs
HC)
Sig higher ADC values in
posterior vs anterior PUT
(MSA-P and MSA-C, but
not in PO and HC)

Corrections
for age were
performed
by dividing
the ADC
value
calculated in
each brain
region by the
value
predicted for
the subject's
age in the
same brain
region using
regression
lines
calculated
from a larger
group of
controls ( 17)

Sig correlation of disease
duration with cerebellar
ADC values in MSA-C
and pontine ADC values
in MSA-P
Sig correlation of
UMSARS and UPDRS
with ADC values in
posterior and entire PUT

Tir et al,
2009 113

14 MSA-P,19 PO, 14
HC
VBM and whole brain
voxel-wise analysis of
FA

VBM: sig lower density of
GM in MSA-P in a motorrelated circuit, especially
in the left PMC, relative
to PO, and in the left
SMA, relative to HC

NA

NA

NA

Sig diff in the
age and
disease
severity b/w
groups

Voxel-wise FA analysis:
sig reduced FA in the left
PMC and the right
cerebellum
No clinico-radiological
correlation with FA
values
~-
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Table 2: Continued
Study
Year

Cohort size
Methods

Results

Diagnostic
predictors

Sn

Sp

Vaillanco
urt et al
2009 98

14 PO, 14 HC

Sig reduced FA in the rostral,
middle, and caudal SN (PO
vs HC)

FA in caudal
SN

100%
(PO)

VS

19 MSA-C, 12
MSA-P, 20
PO, 20 HC

Sig increased AOC values in
cerebellum & MCP (MSA-C
& MSA-P vs HC)

NA

VBM analysis
of OTI using
SPM software

Sig decreased FA in
pyramidal tract, MCP, and
cerebellar WM (MSA-C &
MSA-P vs HC)

Assessment of
FA in ROis
drawn in the
rostral, middle,
and caudal
SN, using high
resolution OTI
at3T

Comments

100%
HC

Slice thickness
-4mm
Wang et
al
2010 114

Assessment of
AOC, FA, and
iOWI values in
the pyramidal
tract, MCP,
BG deep
cerebellar
nuclei and
cerebellar WM
Slice
thickness-3
mm

Sig decreased iOWI values
in the cerebellar cortex and
deep cerebellar nuclei in
patients with MSA-C and
increased in the basal
ganglia in patients with MSAp
No significant changes in FA,
AOC, or iOWI values (PO vs
HC)
VBM: loss of GM in
cerebellar hemispheres and
vermis, loss of WM in pons,
MCPs, mesencephalon, and
frontotemporal areas in
MSA-C

NA

NA

AOC, FA,
and iOWI
images were
compared
statistically
using a
general
linear model
based on
the gaussian
field theory
inSPM
Corrected
for duration
of illness
and current
age

ADC and
FAin PUT,
CN and GP
MSAvs PO
not
commented

Volume loss in frontal,
prefrontal, and insular
cortices & CN, PUT, and MB
in MSA-P

..

Abbrev1at1ons: CBS, cort1cobasal syndrome; HC, healthy controls; MSA, multiple system atrophy; MSA-P, Parkinson
variant of MSA; PD, Parkinson disease; PSP, progressive supranuclear palsy
ADC - apparent diffusion coefficient, ANOVA- analysis of variance, BG - basal ganglia, BP - blood pressure, b/wbetween, CC - corpus callosum, CN - caudate nucleus, diff- difference, DD - differential diagnosis, FA - fractional
anisotropy, GM- gray matter, GP- globus pallid us, H/M ratio- activity ratio of heart to mediastinum uptake of for cardiac
MIBG (meta-iodobenzylguanidine) scintigraphy, H&Y- Hoehn and Yahr stage, IBZM- [1231] iodobenzamide, IC- internal
capsule, ICP- inferior cerebellar peduncle, iDWI- isotropic diffusion weighted images, MCP- middle cerebellar peduncle,
PMC - primary motor cortex, poss- possible, prob- probable, PUT- putamen, PUT HIR- putamina! hyperintense rim,
ROI - region of interest, SCP - superior cerebellar peduncle, sig - significant, S/FC ratio - activity ration of striatal to
frontal cortex uptake, SMA- supplementary motor area, Sn - sensitivity, SN - substantia nigra, Sp - specificity, SPM Statistical parametric mapping, Thai - thalamus, UPDRS - unified PD Rating scale, UMSARS - Unified MSA Rating
Scale, vs -versus, VBM - voxel based morphometry, WM -white matter
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MRI MODALITIES
PARKINSONISM

TO

VISUALIZE

INCREASED

BRAIN

IRON

IN

It is well documented that iron content in the brain increases with age,
particularly in the basal ganglia, antemortem imaging has also observed a strong
direct relationship between age and increase in striatal iron content. Additionally,
abnormal level of iron in the CNS is also seen in various neurodegenerative
diseases including parkinsonian disorders. Genetic and molecular-biologic
studies of iron metabolism in the brain have suggested that at least in some
neurodegenerative disorders, brain iron misregulation is an initial cause of
neuronal death. Iron-induced oxidative stress is the most common path that
leads to the death of neurons. 115 However, with respect to the degenerative
parkinsonian disorders, It has also been proposed that the basic pathological
hallmarks of PSP, PO, and MSA being different (synucleinopathy in MSA and PO
and tauopathy in PSP), iron deposition at different sites probably represents a
secondary response. 116 Whether this iron deposition initiates neurodegeneration
in these parkinsonian disorders or represents a secondary response to cell death
is still debated. 116
It is now increasing appreciated that advanced MR modalities to visualize
brain iron are also a novel way to differentiate PO, MSA and PSP. 117 •118 There
are two issues regarding this approach: one is to know the pattern of iron and
other metal deposition in normal aging and in various parkinsonian disorders.
Second is to use the best MRI modality to pick up these changes. If abnormal
nonheme iron deposition is a primary cause of brain tissue injury, these
advanced MR imaging can be used to detect the disease process in its early
stages and may perhaps be helpful in monitoring the pharmacologic results
because iron will be the therapeutic target. If iron deposition is just a secondary
consequence or a standby phenomenon of the development of disease, then
data obtained from these MR imaging can be used as a marker of disease
severity. Therefore, ability to measure the amount of iron in the brain will not only
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facilitate a better understanding of disease progression but also will also help in
predicting the treatment outcome.
There is also enough evidence that brain iron and other metals are
quantitatively more in different brain regions in brain of patients with both typical
and atypical parkinsonism. In a postmortem study, 116 although total iron content
was increased in SN in PD, PSP, and MSA, total iron levels in the striatum
(caudate nucleus and/or putamen) were increased in PSP and MSA but not in
PD. Increased iron levels in basal ganglia were generally associated with
increased or normal levels of ferritin (e.g., in the SN in PSP and MSA, and in the
putamen in MSA). However, increased iron levels in the SN in PD, caudate
nucleus in MSA, and in the putamen in PSP were not associated with an
increase in ferritin levels. In PD, there was a generalized reduction in brain ferritin
levels. These findings suggest that altered iron handling may occur in the SN in
PD. Depending on the form in which the excess iron load exists in the SN in PD,
it may contribute to the disease.

There were no consistent alterations in

manganese levels in the basal ganglia in any of the diseases studied. Copper
levels were decreased in the SN in PD and in the cerebellum in PSP. However,
copper levels were normal in SN in PSP and MSA despite the larger increase in
iron content. Zinc levels were only increased in PD in the SN and to some extent
in the caudate and putamen. In such cases increased brain iron does not merely
reflect a response to a neurodegenerative process. Instead the increased iron is
believed to play a role in pathogenesis of these disorders.
Iron can facilitate decomposition of lipid peroxides and formation of a
variety of reactive oxygen species, including hydroxyl and superoxide radicals
and hydrogen peroxide, which can induce cellular damage. The cell tries to limit
the amount of reactive iron. However in peripheral tissues, the majority of iron not
involved in biochemical reactions is bound to ferritin. The ferritin molecule acts as
a storage site for iron, which may be required for cellular metabolism while
maintaining the iron in a form unable to stimulate oxidative stress. When using
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MRI to detect brain iron deposition in chronic neurologic disorders, ferritin and
hemosiderin are considered to be the only forms of non-heme iron present in
sufficient quantities to affect MR contrast. Ferritin has a weaker effect on T1
relaxation, but the resulting reduction in T1 times can produce hyperintensity on
T1-weighted images. 119 T1 based images are therefore not used to study brain
metal deposition. The human brain also contains other paramagnetic ions, like
copper and manganese, which can potentially affect relaxivities if present in
sufficient quantities, but it is suggested that non-pathological concentrations of
copper and manganese are too small to produce detectable MR contrast. 120
Various techniques to study the iron and other paramagnetic ions in vivo
few of which we already discussed, include, T2W fast spin echo (FSE), T2*weighted gradient echo (GRE), T2 relaxometry (R2 and R2*), proton density
(PD)-weighted and fast short inversion time inversion-recovery (FSTIR) images,
high field strength MRI, and susceptibility weighted imaging (SWI). Till recently,
T2W FSE and T2*-weighted GRE were the most commonly utilised methods to
study metal deposition patterns in the brain. Typically, high-iron regions, show a
hypointense (black) signature on T2W MR images due to decrease in transverse
(T2} relaxation time. The presence of iron also leads to signal changes (both
magnitude and phase) in T2*-weighted GRE images. T2*-weighted GRE is
superior to T2 FSE in detecting metal deposition in brain. GRE imaging
sequences are particularly sensitive to the signal-reducing effects of tissue iron
induced local field inhomogeneities because, unlike FSE sequences, they do not
utilize a refocusing pulse. The drawback of simply using T2 shortening as a
measure of mineralization is that it is also affected by factors such as myelin loss
and changes in water concentration, which varies with tissue type, presence of
disease, and age. 119-121 T2*- weighted GE has its own difficulties related to other
local background sources of magnetic field variation that cause signal loss
unrelated to the internal iron content of the tissue. 122 Quantitative T2
measurements are therefore of limited value in detecting iron-related structural
pathology.
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Another way to study brain metal deposition is to evaluate the relaxation
rate (R2). If the iron is the chief determinant of the hypointensity on T2WI and is
also deposited during the disease, it was thought that the estimation of R2 might
be more reliable than the visual analyses of the T2W images. It has been well
documented through in vitro studies that paramagnetic iron will increase proton
transverse relaxation rates (R2=1/T2) and that the relaxation of solvent protons is·
proportional to the concentration of paramagnetic ions. 119 Indeed literature
contains many attempts to use T2 relaxometry measurements as a surrogate
marker of the disease. 49 ·50 However T2 relaxometry measurements are not
reliable enough because of the fact that it has contributions from ironindependent processes, such as tissue water content, in addition to the ironrelated processes. In diseased brain tissue for example in SN in PD, the neuron
loss is likely to increase local water content (e.g., from reduction in lipids),
decreasing R2, opposing and potentially reducing the effect of iron. In addition,
T2 relaxometry measurements are affected by local iron induced magnetic field
inhomogeneities, arising from tissue-tissue and air-tissue interfaces. Methods to
increase the specificity of R2 measurements have been developed. 51 ·121 R2*
(1/T2*) is a combination of transverse relaxation (R2=1/T2) and magnetic field
inhomogeneity, with tissue iron being a major determinant of the latter. Although
tissue iron content is a major determinant of R2*, this MR parameter may also be
affected by magnetic field inhomogeneities arising from tissue-tissue and airtissue interfaces. 51
A third strategy involves high-field strength (eg, 3.0-T) measurements of
R2'. 48 R2' is that part of the transverse relaxation rate resulting from magnetic
field inhomogeneities (R2'= R2*-R2). The higher iron-related specificity of R2' as
compared with R2 has been demonstrated in previous studies with high-fieldstrength (3.0-T) MR imaging of the substantia nigra in patients with Parkinson
disease and age-matched control subjects. In patients with Parkinson disease,
who are expected to have elevated iron levels in the substantia nigra, R2' was
significantly greater than that in control subjects (P <0.001 ). On the other hand,
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R2 was greater in the control group (P= 0 .046), which suggests that the effect of
changes other than increased iron may have outweighed the increased iron
related contributions to R2. 48

SUSCEPTIBILITY-WEIGHTED IMAGING (SWI} - A NEW MRI MODALITY TO
VISUALIZE INCREASED BRAIN IRON
Susceptibility-weighted imaging (SWI) is an MR imaging technique that uses
phase information in addition to T2*-based contrast to exploit the magnetic
susceptibility differences of the blood, iron and calcification in various tissues. It
is a fully velocity compensated high-resolution 3D gradient-echo sequence that
uses magnitude and filtered-phase information,

both

separately and in

combination with each other, to create new sources of contrast. 123-125 Thus, SWI
is not simply a T2*-weighted GRE imaging approach, but consists of using both
magnitude and phase information. The phase shift present in a GRE image
represents an average magnetic field of protons in a voxel, which depends on the
local

susceptibility

of the

tissues.

Paramagnetic

substances,

such

as

deoxyhemoglobin, hemosiderin, and ferritin, increase the magnetic feld, resulting
in a positive phase relative to the surrounding parenchyma. Diamagnetic
substances, such as calcium, cause a negative phase shift. Phase images are
sensitive to changes in the magnetic field caused by different components in
tissues, such as deoxyhemoglobin, hematoma, or calcifcation, and can be used
for differentiating the susceptibility differences among tissues. As minerals like
calcium (diamagnetic) and iron (paramagnetic) exert different degrees of
susceptibility effects, SWI is a more sensitive means of detecting mineral
deposits. Phase itself can be a superb source of contrast, with or without T2*
effects. SWI filtered-phase images have been shown to be useful for observing
increased iron content in the brain. 125- 127 With SWI, it is possible to create better
anatomic images of the mesencephalon, with improved contrast compared with
conventional T1- or T2-weighted sequences. 128
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An analysis of the SWI data of some of the patients included in this
project, 118 ssessing the hypointensity of putamen, red nucleus, substantia nigra,
and dentate nucleus in 11 patients with PD, 12 with PSP, 12 with MSA-P, and 11
healthy controls, using a novel and an objective grading scale, with a scoring
from 0 to 3, has shown that hypointensity score of red nucleus in patients with
PSP was significantly higher than that in MSA-P and PD (p=0.001 ), and a score
of =2 could differentiate the PSP group from the PD (sensitivity of 66.7% and
specificity of 81.8%) and MSA-P groups (sensitivity of 66.7% and specificity of
83.3%). While putamina! hypointensity score was significantly higher in PSP vs
PD (p=0.003), a score of =2 differentiated PSP from PD groups (sensitivity of
50% and specificity of 90.9%).This data suggests that SWI may be considered as
an additional MR protocol which can help for differential diagnosis of
neurodegenerative parkinsonian disorders. 118

CONCLUSIONS REGARDING USE OF MRI MODALITIES TO VISUALIZE
INCREASED BRAIN IRON IN PARKINSONISM
The best modality to image brain iron and other metals is SWI. The
usefulness of SWI to image vascular and hemorrhagic pathologies of brain is well
proven. However, to what extent SWI will help in clarifying the diagnosis of
patients with parkinsonism remains to be seen. Preliminary data suggest that
compared to conventional MRI, gradient echo imaging (T2* and R2*) is more
sensitive in detecting hypointense basal ganglia signals and in differentiating
(

,.

MSAfrom PD.
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CONCLUSION REGARDING THE ROLE OF VARIOUS MODALITIES IN THE
DIFFERENTIAL DIAGNOSIS OF VARIOUS PARKINSONIAN SYNDROMES:

In conclusion, conventional MRI is a precious tool for exclusion of
secondary causes

of parkinsonism.

Nonetheless it is established that·

conventional MRI is not sufficiently sensitive for the differential diagnosis of
neurodegenerative parkinsonian disorders. Recent evidence relating to advanced
MRI modalities shows their superior sensitivity in differentiating PD, MSA and
PSP.

Advanced

MRI

modalities also

provide

useful

insights into the

pathophysiology of atypical parkinsonian disorders. With the available literature
evidence, the ability of MRS to differentiate the various forms of parkinsonism is
certainly less than DTI and DWI. The role of gradient and SWI sequences
requires more evaluation. Cost, time of acquisition and requirement of post
processing/ technical expertise will also influence the inclusion of any new MRI
modalities in an imaging protocol for patients with parkinsonism.
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Table 3: BRAIN MR FEATURES IN NEURODEGENERATIVE PARKINSONISM
Brain MR Feature

PD

MSA-P

PSP

Reference Noa

Normal (in the age range)

++

-

-

60,61 ,63,67,73,91

Putamina! atrophy

-

++

++

60,62,63,67,91

Putamina! hyperintense rim at 1.5 T

+

++

+

60-63,67,68,72,91

Putamina! hypointensity at 1.5 T

-

++

-

60-63,67,73,91

Pontine and cerebellar vermian
atrophy
Signal changes in the pons or MCP
including "hot-cross bun" sign at 1.5
T
Midbrain atrophy including indirect
signs of midbrain atrophy
MR planimetry

-

++

+

60,62,67,72

-

++

-

60,62,72

-

-

++

62,67,77,81 ,83

Reduced AP midbrain diameter

-

-

++

62,78,83

Reduced ratio between midbrain
and
pontine areas
DW/DT imaging

-

-

+++

80,129,130

Increased putamina! diffusivity at

-

+++

++

90,91 ,94,95, 101'
104,105,109

-

-

+++

92,101,109

Increased diffusivity and reduced
FA in pons
Increased diffusivity and reduced
FA in MCP

-

++

-

92,93, 103,105,107,111

-

++

-

92,93,101 '1 05-107,

Decreased FA in SN

+

cMR imaging

---

1.5 T
Increased SCP diffusivity at 1.5 T
--

111,114

-

-

97,98

-, <20%; +, 20%-50%; ++, 50%-70%; +++, 70%-90%; ++++, >90%. Only MR 1mag1ng findings that have
been confirmed by at least 2 concordant studies are listed.
Abbreviations: AP, anterior-posterior; FA- fractional anisotropy, MCP, middle cerebellar peduncle; MSA-P,
Parkinson variant of multiple system atrophy; PD, Parkinson disease (early disease stages); PSP,
progressive supranuclear palsy (referred to as Richardson disease); SCP, superior cerebellar peduncle, SN
-substantia nigra
a -only most relevant references cited
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AIMS AND OBJECTIVES
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Primary aim

To assess the imaging parameters on multimodality MR imaging, which will best
differentiate PO, MSA-P and PSP. Multimodality MR imaging would include
conventional (T2W, T1W and FLAIR) and advanced MR imaging modalities (OTI
and SWI)
To expound the sensitivity and specificity of the positive imaging parameters for
differentiating one group form the other (among PO, MSA-P and PSP)

Secondary aim

To suggest MR imaging protocol for patients with parkinsonism by including the
most useful modalities
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METHODS AND MATERIALS
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Patients

The study was conducted at Comprehensive Care Centre for Movement
Disorders, Sree Chitra Tirunal Institute for Medical Sciences and Technology, a
university hospital and tertiary referral centre in South India. Twenty two patients
with PO, 22 with MSA-P and 23 with PSP, who were under regular follow-up at
the movement disorder specialist's clinic of our Institute, were recruited for the
study between August 2006 and July 2010. We also included 11 healthy
volunteers who had no neurological symptoms or signs as controls. All subjects
gave informed consent for the study and the study was approved by the
institutional ethics committee.
After a detailed clinical

history all patients underwent a careful

neurological re-examination according to fixed protocol (appendix 1) by two
neurologists (D.G. and P.W.). Clinical diagnosis of PD 16 , MSA-P 17 and PSP 18
carried by patients were reassessed according to the established criteria
(appendix 2) and verified by a movement disorder specialist (A.K.). The
reference standard for diagnoses of the three diseases was taken as an
experienced movement disorder specialist's interpretation of the clinical signs
and symptoms of the disease along with application of the internationally
accepted diagnostic criteria. Among the MSA-P group 20 patients had probable
MSA-P while 2 had possible MSA-P. On the other hand all the patients with PSP
fulfilled the criteria for clinically definite PSP, based on revised NINDS-PSP
criteria. 16
Disease severity was assessed by degree of motor impairment, which was
evaluated by the motor section of Unified Parkinson Disease Rating Scale
(UPDRS-111) in the "drug off' state 131 and Hoehn and Yahr stage. 132 Global
cognition was assessed using the mini-mental status examination (MMSE). 133
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Levodopa responsiveness was graded as
Poor (when clinical improvement was 0-25%)
Moderate (when clinical improvement was 26-50%)
Good (when clinical improvement was 50-75%)
Excellent (when clinical improvement was >76%)
None of the patient had past history of stroke, head injury, encephalitis or
exposure to neuroleptic drugs before onset of symptoms. In addition, none had
significant co-existing medical problem or psychiatric co-morbidity (severe
depression or active psychosis according to DSM-IV).
All patients underwent clinical examination on the day of MRI or within one
week prior to acquiring the MRI.

M Rl Protocol

MRI examinations were performed on 1.5 T MR system (Avanto, SQ
engine, Siemens, Erlangen, Germany) using a twelve channel matrix head coil.
After the three plane localizer view the following sequences were obtained: axial
T2 fast spin echo (repetition time TRI echo time TE

= 4500/95), sagittal T2 fast

spin echo sequence {TRITE = 5580/110), axial fluid attenuated inversion
axial T1 spin echo sequence (TRITE

=

1000/8) and coronal 3D FLASH spoiled gradient sequence (TRITE/Flip angle

=

recovery (FLAIR; TRITE

= 9000/1 09)

11/4.94/15°) and a voxel size of 0.9 X 0.9 X 1.5. All these sequences were done
using 382 x 512 matrix, 5 mm slice thickness, 1.5 mm inter-slice gap and 1
average. Diffusion tensor imaging was done using single-shot echo-planar
imaging (EPI) sequences at multiple levels. 20 slices of 5mm thickness, 1.5mm
inter-slice gap were obtained (TRITE

=3500/105msec, field of view 230X230, 3

averages, matrix size 191X192, b values of 0 and 1000mm2/s) in 30 orthogonal
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directions. The mean diffusivity and fraction anisotropy maps were created in the
Syngo software in the Leonardo workstation; Siemens Medical Systems. These
were used to measure the apparent diffusion coefficient (ADC) and the fractional
anisotropy (FA) at the region of interest.
For SWI sequence, the magnitude and phase images were obtained. This
sequence is a high resolution 3-D fully velocity compensated gradient echo
sequence wherein the phase images are used to create a phase mask after
unwrapping and high pass filter which is then multiplied with the magnitude
images to enhance the conspicuity of small veins and other paramagnetic
substances. 123 The physics and mathematical principles of this technique and its
applications are described in detail by various investigators. 127 Following imaging
parameters were used for SWI: TR = 48 ms; TE = 40 ms; flip angle = 20°;
bandwidth

=80 kHz; matrix size 512 x 256; slice thickness 2 mm with 56 slices in

a single slab and iPAT factor of 2. The acquisition time was 2.58 min. Postprocessing was performed and 12 thick miP (minimum intensity projection) slabs
were generated. Images thus obtained were reviewed on a DS3000 lmpax
workstation, version 4.5 (Agfa-Gevaert, Mortsel, Belgium).
Image analysis:

Three experienced qualified neuroradiologists (K.D., J.S. and S.C.) blinded to the
clinical details independently performed the data analysis according to a fixed
radiological protocol (appendix 3). Two of the neurologists (D.G. and P.W.) also
sat with the neuroradiologists at the time of image analysis, without disclosing the
clinical details, to observe the methodology and to record the radiological
findings.
The data analysis included reviewing the conventional images, calculating
the ADC and FA values from DTI images and the assessing the signal intensity
of the deep grey matter in the SWI images.
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The following sequences were included under conventional MRI: axial and
sagittal T2 fast spin echo (FSE), axial FLAIR and axial T1, Visual rating of all
paired abnormalities was evaluated for each side, Axial T2 and axial FLAIR
images were analyzed for the presence or absence of following abnormalities:
hyperintense lateral margin of the putamen (isointense or hyperintense
compared to the cortical signal and involving the posterior part of the lateral
border); putamina! hypointense signal especially posterolaterally (isointense or
hyperintense relative to globus pallidus); hyperintensity in the globs pallidus; SCP
and MCP hyperintensity; periaqueductal midbrain tegmentum and red nucleus
hyperintensity, pontine hyperintensity, hyperintensity in the region of inferior olive
and cerebellar hyperintensity. Sagittal T2 images were analyzed for the presence
of midbrain atrophy (particularly tegmental where the normal convex upper profile
of the midbrain becomes flat or concave) and pontine atrophy. Axial T1 images
were analyzed for the presence or absence of following abnormalities: SCP and
MCP atrophy, atrophy of the cerebellaum (vermis and hemispheric), selective
atrophy of the temporal and frontal lobes and dilatation of the

3rd

and

4th

ventricles. Acurate assessment of the midbrain diameter was done using 30
FLASH sequences. For this purpose 30 FLASH was acquired in the coronal axis
and reconstructed in an axis perpendicular to the aqueduct. In that axial
reconstruction the anteroposterior (AP) diameted of the midbrain was measured.
The mean diffusivity and fraction anisotropy maps were created after post
processing the images. ROis were placed on the trace images and then
transferred on co-registered mean diffusivity and fraction anisotropy maps to
measure the mean (SO) FA and rADC, The ROis were placed in each
hemisphere in the globus pallidus (10 pixels), caudate (15 pixels), putamen (20
pixels), SCP (5 pixels), MCP (15 pixels), superior colliculus (10 pixels), and
midbrain tegmentum (to include substantia nigra and red nucleus with extreme
care not to include the cerebral peduncles [50 pixels]). ROis were also placed
over left and right cerebellar hemisphere ( 500 pixels), pontine base ( 150 pixels)
and genu of the corpus callosum (20 pixels) (as shown in figures 1 to 4).
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Figure 1: ROI in globus pallidus

Figure 2: ROI in caudate nucleus

Figure 3: ROI in Middle cerebellar

Figure 4: ROI in Pontine base

peduncle
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In SWI, the hypointensity of posterolateral putamen, red nucleus,
substantia nigra and dentate nucleus in all groups was assessed according to a
novel grading scale based on signal intensity (SI) of the regions of interest (ROI)
and their comparison with Sl of the cerebrospinal fluid (CSF) and Vein of Galen.
For calculating the Sl, miP image of the SWI slice in which a nucleus was best
visualized was chosen. The more hypointense nucleus of the two sides of the
brain was chosen for ROI placement. Similar sized ROts were then placed in the
most hypointense part of the nucleus in that slice. Based on the Sl values
obtained, a hypointensity grading system was devised:
Grade 0: Sl similar to CSF intensity (SI > 200)
Grade 1: mild hypointensity (SI > 150 but less than 200)
Grade 2: moderate hypointensity (SI > 75 but less than 150)
Grade 3: severe hypointensity (SI < 75, similar to vein of Galen)

Size of ROts of the four nuclei was similar among all study subjects. In cases
where there was a disparity in grades given by the two radiologists, final grade
for analysis was decided by consensus between the radiologists
Statistical Analysis:

The number of patients required was derived from earlier reports. "Effect
size" or the difference between the groups was estimated. To detect such an
effect with 90% power at a "p value of 0.05" the number of subjects required in
each group was around 11.
One-way analysis of variance (ANOVA) followed by post hoc Bonferroni
correction was performed for comparison of the age at examination, disease
duration and Unified Parkinson's Disease Rating Scale (UPDRS) scores. To
assess the differences in HY stages among patient groups, Kruskai-Wallis test
was used, followed by a Mann-Whitney U-test for multiple comparisons when a
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significant difference was found. Resulting p-values were corrected according to
Bonferroni.
Statistical comparison of the qualitative abnormal findings on routine MRI
was performed with the Fisher's exact test, followed by multiple logistic
regression for correction of age, duration of the disease and disease severity.
Comparisons of midbrain diameter between the subject groups were done by
ANOVA followed by post hoc Bonferroni correction. It was adjusted for age,
duration of the disease and disease severity by analysis of covariance
(ANCOVA) when significant difference was noted. The ROC (receiver operating
characteristic) curve analysis was used to determine, optimal cut-off level which
differentiated PSP, MSA and PO and the one that gave highest sum of sensitivity
and specificity. Specificity and sensitivity was calculated for those conventional
MRI findings which were significantly different between PO, PSP and MSA-P.
Since the mean rAOC values and FA values of most brain regions were
not normally distributed, these were also analyzed by Kruskai-Wallis test,
followed by a Mann-Whitney U-test for multiple comparisons, which was
corrected for age, duration of the disease and disease severity, by analysis of
covariance (ANCOVA), when significant difference was noted.

FA and rADC

values were analyzed separately.
SWI scores were also analyzed by Kruskai-Wallis test, followed by a
Mann-Whitney U-test for multiple comparisons, which was followed by analysis
of covariance (ANCOVA) for correction of age, duration of the disease and
disease severity, when significant difference was noted.
The ROC (receiver operating characteristic) curve analysis was used to
determine which brain region rAOC, FA and SWI hypointensity scores of which
nucleus discriminated among the different groups. Optimal cut-off level which
differentiated PSP, MSA and PO was taken as the one that gave highest sum of
sensitivity and specificity.
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RESULTS
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1. CLINICAL FEATURES
1.1 PATIENTS:

Total 74 subjects, including 22 PO (probable), 22 MSA-P (20 probable and 2
possible), 23 PSP (21 clinically definite, 2 clinically probable) and 11 healthy
controls

prospectively underwent multimodality MRI

study.

Demographic

characters of subject groups are shown in table 4. Comparisons of the age of
different subject groups showed significant differences between MSA and PO,
MSA-P and PSP, and controls and PSP patients. Patients with PSP were
significantly older as compared to MSA-P and controls, while patients with PO
were older as compared to MSA-P group. There was no significant difference in
the age between PO and PSP groups.
1.2 DISEASE DURATION AND DISEASE SEVERITY:

Disease duration and disease severity of subject groups are shown in table 4.
Disease duration differed significantly between PO and MSA-P, and PO and PSP
patient groups. UPDRS Ill scores differed significantly only between PO and
MSA-P patient groups.
TABLE 4: DEMOGRAPHIC CHARACTERISTICS, DISEASE DURATION AND
SEVERITY OF DISEASE IN SUBJECT GROUPS
Patient Group
(n)

M:F

Age at MRI
(years) Mean
(SO)

Disease
Duration
(years) Mean
(SO)

UPDRS Ill
Scores Mean
(Range)

Modified H&Y
Stage Mean
(SO)

PO (22)
MSA-P (22)
PSP (23)
Controls (11)

15:7
8:14
14:9
6:5

60.77(5.33)*
54.55 (8.76)@

8.48 (3.39)£11

23.00 (12.70f

2.182

4.59 (2.76)
2.74 (2.88)
NA

37.73 (17.20)
27.30 (13.98)
NA

3.02 (0.91)
3.28 (0.68)
NA

61.52 (6.45)

54.91 (3.11)##

(0.45)~#

*R-0.015
vs MSA-P (ANOVA}, (gl p-0.004
vs PSP (ANOVA), ""·p-0.047 vs PSP (ANOVA), "·p-0.00 vs MSAp£ (ANOVA), 11p=O.OO vs PSP (ANOVA), +p=O.OO vs MSA-P (ANOVA), $p=O.OO vs MSA-P (Mann-Whitney
U-test), #p=O,OO vs PSP (Mann-Whitney U-test)

ANOVA: p value of <0,010 were considered significant for comparison of age, p value of <0,016 were
considered significant for comparison for disease duration, P values of <0.010 were considered significant
for comparison of UPDRS Ill scores,
Mann-Whitney U-test: p values of <0,016 were considered significant for comparison of H &Y stages
All p values after Bonferroni correction
NA-Not applicable
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1.3 AUTONOMIC DISTURBANCES:
Table 5 shows symptoms and signs related to autonomic dysfunction in different

patient groups as required in the MSA-P diagnostic criteria. Recorded orthostatic
hypotension in PD/PSP cases was asymptomatic in all but 1 PD patient (fall in
BP > 20/10 but less than 30 /15 mm Hg). Two PSP reported orthostatic
symptoms but no postural fall in BP could be recorded in them. By contrast in 15
MSA-P patients reported orthostatic symptoms, however, fall in BP > 30/15 was
recorded in 12 patients.
Erectile dysfunction and urinary complaints if reported by patients with PD or
PSP started late in their disease course as compared to that in MSA-P patients
where it was an early and prominent feature.

TABLE 5: AUTONOMIC DISTURBANCES

Patients
Groups
(n)

Erectile
Dysfunction/
Decreased
Genital
Sensations

Urinary
Incontinence

Incomplete
Bladder
Evacuation

Orthostatic
Symptoms

Orthostatic
Hypotension

PO (22)

1

0

2

1

1

MSA-P
(22)
PSP (23)

10

15

16

15

12

6

7

2

2

2

Orthostatic hypotension: Recorded orthostatic fall in BP >30/15mmHg
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1.4 ADDITIONAL CLINICAL FEATURES
Falls in the first year of symptom onset was typically common in PSP, being
reported by 21 cases (table 6). Prominent postural instability with falls in the first
year of symptom onset was also reported by 4 cases with MSA-P (two probable
and two possible MSA-P cases). Another 6 MSA-P cases reported feeling of
postural instability in the first one or two years of illness. No patient with clinical
diagnosis of PD reported early and/or prominent postural instability.
All PSP cases had supranuclear ophthalmoplegia and slow vertical saccades.
4 MSA-P cases exhibited cerebellar signs in the form of limb ataxia.
TABLE 6: ADDITIONAL CLINICAL FEATURES IN PATIENTS GROUPS

Patients
Groups (n)

Postural
instability
and falls

Vertical
gaze palsy

Slow
vertical
saccades

Extensor
plantar
response

Cerebellar
signs

PD (22}

0

0

0

0

0

MSA-P
(22)
PSP (23}

4

0

0

13

4

21

23

23

0

0

..

..

Posturalrnstabrltty and falls: Promrnent posturalrnstabrlrty wrth falls (or tendency to falls) rn the
first year of symptom onset
Cerebellar signs: Gait ataxia, limb ataxia and ataxic dysarthria

MMSE:

The mean (SD) MMSE score for PD patients' group was 29.72 (0.63), with the
minimum score being 28. Cognition of one probable MSA-P patient and one
clinically definite PSP could not be assessed due to severe dysarthria and
physical disability. Mean (SD) MMSE score for remaining MSA-P cases was
28.76 (1.51 ), with no patient scoring less than 24. Mean (SD) MMSE score for
PSP cases was 26.69 (3.26), with three patients scoring less than 24.
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1.5 LEVODOPA RESPONSIVENESS
All PO patients reported good-excellent levodopa responsiveness (table 7). Most
PSP and MSA-P cases on the other hand, reported poor or moderate levodopa
responsiveness. However two cases of PSP and three of MSA-P reported goodexcellent levodopa responsiveness even later in their disease course.
TABLE 7: LEVODPA RESPONSIVENESS IN PATIENT GROUPS.
-

--

Patients
Groups (n)

Poor

Moderate

Good

Excellent

PO (22)

0

0

7

15

MSA-P (22)

9

10

2

1

PSP (23)

15

6

1

1

··-

-~
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CONVENTIONAL MRI FINDINGS

Conventional MRI sequences were evaluated for all subjects (11 controls, 22 PD,
22

MSA-P and

23

PSP

patients). All

supratentorial and

infratentorial

abnormalities (signal changes and atrophy) were visually rated.
2.1. SUPRATENTORIAL ABNORMALITIES
2.1.1 PUTAMINAL INTENSITY CHANGES:

Both putamen were evaluated for the presence of any hyperintensity along the
lateral border (isointense or hyperintense compared with cortical signal).
Anteriorly placed hyperintensities with no extension in to the posterior part of the
lateral border were not counted. Table 8 lists the incidence of lateral putamina!
hyperintensity in different subjects groups as seen in T2W and FLAIR images.
Lateral putamina! hyperintensity was observed in all subject groups, both
unilaterally and bilaterally. In the MSA-P group unilateral lateral putamina!
hyperintensity was seen in four patients (2 possible and 2 probable MSA-P). Six
patients with probable MSA-P showed bilateral lateral putamina! hyperintensity.
Lateral putamina! hyperintensity was absent in 11 patients with probable MSA-P.
There was no statistically significant difference between any two subject groups
with regard to lateral putamina! hyperintensity.
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TABLE 8: LATERAL PUTAMINAL HYPERINTENSITY AS OBSERVED IN

DIFFERENT SUBJECT GROUPS (values shown refer to number of subjects)
Patient
Group (n)

T2W (n)

FLAIR (n)

Lateral
Putamina!
Hyperintensity
Not Detected
(n)

Unilateral

Bilateral

Unilateral

Bilateral

Controls ( 11)

3

0

1

1

7

PD (22)

3

3

2

2

15

MSA-P (22)

4

6

4

6

11

PSP (23)

4

4

6

3

13

0

0

(No s1gmf1cant differences observed among the groups before and after adjustment)

Putamina! hypointensity (posterolateral putamen) was defined as putamina!
intensity being isointense or hypointense relative to the globus pallidus (table 9).
It was observed both unilaterally and bilaterally in all subject groups, most
frequently in cases with PSP.
Initial analysis using Fisher's exact test showed, unilateral (left) putamina!
hypointensity on T2WI was significantly more common in PSP compared to PO
(p-value 0.005) while bilateral putamina! hypointensity as noted on FLAIR was
significantly more common in PSP compared to PO (p-value 0.004 and 0.007 for
right and left side respectively). There was a trend towards statistical significance
for unilateral (left, on T2WI) and bilateral putamina! hypointensity (on FLAIR)
between PSP versus MSA-P cases. Also there was a trend towards statistical
significance for bilateral putamina! hypointensity (on T2WI) between PSP versus
control (p-value as shown in table 9).
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After the adjustment for age, duration of the disease and disease severity,
with multiple logistic regression analysis, there was no statistically significant
difference between the various groups (table 24). However there was trend
towards significance for left putamina! hypointensity between PSP versus PO
(p=0.034 on T2WI and 0.017 on FLAIR) and PSP versus MSA-P cases (p= 0.040
on T2WI and 0.017 on FLAIR).

TABLE 9: PUTAMINAL HYPOINTENSITY AS OBSERVED IN DIFFERENT

SUBJECT GROUPS (values shown refer to number of subjects)
Patient
Group

T2W

FLAIR

(n)

(n)

Putamina!
Hypointensity

(n)
Unilateral

Not Detected
(n)

Bilateral

Unilateral

Bilateral

1

o11

0

1

10

PD (22)

1

2

3

0

18

MSA-P (22)

3lf

3

2

2+

16

PSP (23)

8*

6

7

7~

6

Controls (11)

--

*p=0.005 vs PD for left putam1nal hypointensity,

$ p=0.004 vs PD for right and p=0.007 for left putamina! hypointensity,
#p=0.033 vs PSP for left putamina! hypointensity, +p=0.022 vs PSP,
vs PSP for left putamina! hypointensity, p = 0.034 vs PSP for right putamina!
hypointensity
(p values according to Fischer exact test. p-value <0.01 were considered significant)
No significant difference between various groups after the adjustment (multiple logistic regression
analysis)

1f p =0.011
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TABLE 10: COMBINATION OF LATERAL PUTAMINAL HYPERINTENSITY

AND PUTAMINAL HYPOINTENSITY (values shown refer to number of subjects)
Patient Group
(n)

T2W (n)

FLAIR (n)

Unilateral

Bilateral

Unilateral

Bilateral

PD (22)

0

1

2

0

MSA-P (22)

1

2

0

2

PSP (23)

3

1

3

0

--

No significnat differences between the groups before or after adjustment

The combination of lateral putamina! hyperintensity and putamina! hypointensity
was much less frequently observed than either abnormality occurring individually
(table 10). This combination was not seen in any normal subject
2.1.2 GLOBUS PALLIDUS HYPERINTENSITY:

Like putamina! intensity changes, hyperintensities in the pallidum were observed
in all groups, both unilaterally and bilaterally most frequently in PSP group (table

11 ).
Initial analysis using Fisher's exact test showed, bilateral globus pallidus (GP)
hyperintensity was significantly more common in PSP compared to MSA-P
patients (p-value 0.009).

Unilateral (right) GP hyperintensity was significantly

more common in PD compared to MSA-P patients (p=0.004) while there was a
trend towards significance for left GP hyperintensity (p=0.021 ). Also a trend
towards significance was noted between PSP and MSA-P patients (p-values as
shown in table 11 }.
After the adjustment for age, duration of the disease and disease severity, using
multiple logistic regression analysis, there was no statistically significant
difference noted between various groups (table 24 ).
65

TABLE 11: GLOBUS PALLIDUS HYPERINTENSITY IN DIFFERENT GROUPS
(values shown refer to number of subjects)
Patient
Group

T2W

FLAIR

(n)

(n}

----,

Pallidal
Hyperintensity

(n)

Not Detected
(n)

Unilateral

Bilateral

Unilateral

Bilateral

Controls (11)

1

1

1

1

9

PD (22)

2

8

0

5

12

MSA-P (22)

0

1*+

0

011'11

21

PSP (23)

1

7

3

5

14

'ffp=0.009 vs PSP for bilateral globus pallidus hyperintensity
*p=0.004 vs PO for right and p=0.021 for left globus pallidus hyperintensity,
+p=0.022 vs PSP for right and p=0.047 for left globus pallidus hyperintensity,
#p=0.04 vs PO for bilateral globus pallidus hyperintensity
No significant differences observed between PO vs Control, PO vs PSP, PSP vs control, MSA vs
control,
(p values according to Fischer exact test. p-value <0.01 were considered significant)
No significant difference between various groups after the adjustment (multiple logistic
regressionanalysis)

2.1.3 FRONTAL AND TEMPORAL LOBE ATROPHY
Frontal or temporal lobe atrophy exceeding the global atrophy was assessed on
T1W images (table 12). Overall temporal lobe atrophy was seen more commonly
than frontal lobe atrophy. Atrophy of both lobes was most frequent in cases with
PSP than in any other groups. Whenever observed in any subject, atrophy of
frontal or temporal lobes was always symmetric. There was no correlation
between the presence of atrophy (rated visually) and MMSE score.
Initial analysis using Fisher's exact test showed, bilateral frontal lobe atrophy was
significantly more common in PSP group as compared to control subjects (p-
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value 0.003). No statistically significant difference was observed between other
groups.
After multiple logistic regression analysis (table 24), bilateral temporal lobe
atrophy was significantly more common in PSP group as compared to MSA-P
(p=0.011 for right and p=0.007 for left temporal lobe).

TABLE 12: FRONTAL AND TEMPORAL LOBE ATROPHY IN SUBJECT
GROUPS (values shown refer to number of subjects)
Patient
Group

Frontal Lobe
Atrophy

Temporal Lobe
Atrophy

(n)

(n)

(n)

Frontal or
Temporal Lobe
Atrophy Not
Detected ( n)

Unilateral

Bilateral

Unilateral

Bilateral

Controls ( 11)

0

0

0

4

7

PD (22)

0

5

0

11

9

MSA-P (22)

0

6

0

8

13

PSP (23)

0

9*

0

15**

4

--

*p=0.003 vs control (according to Fischer exact test. p-value <0.01 were considered significant).
**p<0.01 vs MSA-P (according to multiple logistic regression analysis)

2.2. INFRATENTORIAL ABNORMALITIES
2.2.1 MIDBRAIN ATROPHY AND SIGNAL CHANGE
Midbrain atrophy was assessed both visually (in T2 saggital images) and by
measuring the midbrain diameter (in 3D-FLASH sequences). As shown in table
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13 there was significant overlap of the midbrain diameter measurement between
controls and PO and MSA-P patients. Midbrain diameter comparison between
PO and MSA-P cases did not reach statistical significance. Midbrain diameters
recorded in subjects with PSP were significantly less when compared to each of
the other three groups individually. This difference was persistent even after the
adjustment for age, duration of the disease and disease severity, according to
analysis of covariance (ANCOVA).
TABLE 13: MIDBRAIN ATROPHY AND SIGNAL CHANGE
Patient
Group
(n)

Midbrain
Diameter
Range
(mm)
[Mean
(SD)]

T2 Saggital
Midbrain
Tegmentum
Atrophy (n)

T2 Axial
Midbrain
Tegmentum
Hyperintensity(n)

FLAIR Axial
Midbrain
Tegmentum
Hyperi ntensity( n)

Controls
(11)

14.3-17.1

1 **

1 **

0 **

PD

13.8-16.8

5 **,,

0 **

0 **

(22)

[15.16
(0.84)]*$

MSA-P
(22)

14.1-17.6

8**11

1 ** #

1 ** #

PSP

11.8-14.9

21

16

16

(23)

[12.96
(1.04)]

[15.74
(0.94)]*

[15.90
(0.90)]*$

* p <0.00 vs. PSP according to ANOVA and corrected according to Bonferroni
** p <0.00 vs. PSP according to Fischer exact test, p-value <0.01 were considered significant)
$p=O.OOO vs PSP (according to ANCOVA)
1fp<0.01 vs PSP (according to multiple logistic regression analysis)
#p=0.005 vs PSP (according to multiple logistic regression analysis)
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The ROC (receiver operating characteristic) curve analysis for midbrain diameter .,.
(table 14, Figure 5 and 6) showed the optimal cut off for midbrain diameter of
<13.75mm could distinguish PSP from PD with' sensitivity of 82.6% and
specificity of 100% (AUC 0.952) and PSP from MSA-P with sensitivity of 82.6%
and specificity of 100% (AUC 0.980).
Table 14: ROC (Receiver operating characteristic) analysis of Midbrain
diameter of different groups
Variable

Sensitivity Specificity PPV

Groups
compared

NPV

AUC

...

Midbrain
diameter
<13.75mm
..

PSP vs PD

82.6

100

100

84.6

0.952

PSP vs MSA-P

82.6

100

100

84.6

0.980

....

. .
. ..
..
PPV- pos1t1ve pred1ct1ve value, NPV- negat1ve pos1t1ve pred1ct1ve value, all sens1t1v1ty,
specificity, PPV and NPV in percentages, AUC- area under curve

ROC Curve

ROC Curve

1.0
1.0

0.
0.8

~0.6

>

!!
Ul
c
~

~0.6

>
·;;;
c

:;::;

0.4

Jl 04

0.

0.2

0. ~---r---.---.---.--~
0.2

0.4

0.6

0.8

1 - Specificity

1.0

0.0

0.2

0.4

0.6 ...

0.8

1.0

1 - Specificity

Figure 5; ROC analysis of midbrain

Figure 6; ROC analysis of midbrain

diameter PSP versus PD

diameter PSP versus MSA-P
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Visually estimated midbrain atrophy and midbrain tegmental hyperintensity (both
on T2WI and FLAIR) was also significantly more common in PSP patients as
compared to controls, PD and MSA-P subjects.
Diffuse midbrain tegmental hyperintensity was mainly observed in cases with
PSP.

There was relative uniformity between T2W and FLAIR images with

respect to midbrain tegmental hyperintensity. In the two clinically probable PSP
cases, only one had midbrain atrophy in T2 sagittal cuts. However the midbrain
diameter of both cases was comparable to cases with clinically definite PSP.
Midbrain tegmental hyperintensity was absent in both.
Initial analysis using Fisher's exact test showed, diffuse midbrain tegmental
hyperintensity was significantly more common in patients with PSP as compared
to all other groups.
After the adjustment for age, duration of the disease and disease severity using
multiple logistic regression, diffuse midbrain tegmental hyperintensity (both on
T2W and FLAIR images) was significantly more common in PSP group as
compared to MSA-P (p = 0.005). However, this analysis could not be done for
comparison between PSP versus PD group, as none of the patients in PD group
had midbrain tegmental hyperintensity (table 24).
Hyperintensity of both red nuclei was observed in only four cases with clinically
definite PSP in both T2W and FLAIR images.
Periaqueductal gray matter hyperintensity was more frequently seen in FLAIR
images than in T2W images (table 15). PAG hyperintensity was significantly
more common in patients with PSP as compared to PD (both on T2WI and
FLAIR) and MSA-P (on FLAIR) patients. However it did not reach statistically
significant level after multiple logistic regression analysis (table 24).
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TABLE 15: PERIAQUEDUCTAL HYPERINTENSITIES
Patient Group (n)

T2W

FLAIR

Controls ( 11)

5

9

PD (11)

8*

8**

MSA-P (12)

8*

13

PSP (12)

18

19

*p=0.007 vs PSP, **p=0.002 vs PSP (according to F1scher exact test, p-value <0.01 were
considered significant)
No significant difference between various groups after the adjustment (multiple logistic regression
analysis)

2.2.2 PONTINE ATROPHY AND SIGNAL CHANGE

Pontine atrophy as assessed on T2 saggital cuts was observed most frequently
in MSA-P patients (not seen in 6 probable and 2 possible MSA-P). It was also
observed

in

PSP and

PD

cases

less frequently (table

16).

Pontine

hyperintensities were seen more frequently in T2W images than in FLAIR in all
groups. Fourteen out of 20 probable MSA-P cases and one of the 2 possible
MSA-P cases showed pontine hyperintensities. Well formed "hot cross bun" was
seen only in MSA-P (6 probable MSA-P and in 1 possible MSA-P case).
In PD and PSP, pontine hyperintensities of different configuration (mostly
multiple discrete or confluent) were seen.
Initial analysis using Fisher's exact test showed, pontine hyperintensities on
!

'

FLAIR and pontine atrophy was significantly more common in MSA-P group as

\ _/

compared to patients with PD and control subjects. While there was a trend
towards significance for pontine hyperintensities on T2WI in MSA-P group as
compared to PD and controls.
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After multiple logistic regression analysis for adjustment for age, duration of the
disease and disease severity, no significant difference between the groups was
found, however there was a trend towards significance for pontine hyperintensity
and atrophy between MSA-P and PSP groups (table 24 ).
TABLE 16: PONTINE ATROPHY AND SIGNAL CHANGE
Patient
Group (n)

T2 axial Pontine
Hyperintensity (n)

FLAIR axial Pontine
Hyperintensity (n)

T2 Saggital
Pontine Atrophy
(n)

Controls(11)

2

1

0

PD (22)

6

4

4

15*11

14**

14**

10

8

8

MSA-P (22)
PSP (23)

-

*p=0.015 vs PD, 1Jp=0.010 vs Controls, **p < 0.00 vs PD and vs Controls,(accord1ng to F1scher
exact test, p-value <0.01 were considered significant)
No significant difference between various groups after the adjustment (multiple logistic regression
analysis)

2.2.3 SUPERIOR CEREBELLAR PEDUNCLE (SCP) HYPERINTENSITY AND
ATROPHY
SCP hyperintensity was looked for in both T2W and FLAIR images (table17). In
T2W images, this finding unlike intensity changes of putamen and pallidum was
present bilaterally, except in one case with possible MSA-P who also showed
bilateral hyperintensity in FLAIR sequences.
SCP hyperintensity was observed most frequently in patients with PSP. SCP
hyperintensity was present with nearly same frequency in PO and MSA-P
patients.
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Initial analysis with according to Fischer exact test, although no statistically
significant differences were observed in group comparisons, there was a trend
towards statistical significance on comparing the FLAIR SCP hyperintensity in
PSP with controls (p-value 0.030). However, after multiple logistic regression
analysis, there was no significant difference between the groups (table 24).
SCP atrophy was looked for in axial T1 sequences (table18). As seen it was
again most common in PSP. The two clinically probable cases of PSP did not
show any changes in SCP. However, unlike SCP hyperintensity, atrophy of the
SCP was more frequent in patients with MSA-P than in PD. In the group
comparisons SCP atrophy was significantly more common in PSP group as
compared to controls (p-value 0.002) and PD (p-value 0.001 ). However, after
multiple logistic regression analysis, there was no significant difference between
the groups (table 24).
TABLE 17: SUPERIOR CEREBELLAR PEDUNCLE HYPERINTENSITY
Patient
Group (n)

SCP Hyperintensity
in T2W (n)

SCP Hyperintensity
in FLAIR (n)

Unilateral

Bilateral

Unilateral

Bilateral

SCP
Hyperintensity
Not Detected
{n)

Controls (11)

0

1

0

2

9

PD (22)

0

7

0

7

15

MSA-P (22)

1

7

0

8

14

PSP (23)

0

11

0

14

9

--

No significant differences observed among the groups (according to Fischer exact test)
No significant difference between various groups after the adjustment (multiple logistic regression
analysis)
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TABLE 18: SUPERIOR CEREBELLAR PEDUNCLE ATROPHY
Patient Group (n)

SCP Atrophy in T1W (n)

SCP Atrophy Not!
Detected (n)

Unilateral

Bilateral

Controls (11 )*

0

0

11

PO (22)**

0

2

20

MSA-P (22)

1

9

12

1

12

10

PSP (23)

-

* p-value=0.002 vs. PSP, **p=0.001 vs PSP (according to Fischer exact test. p-value <0.01 were
considered significant)
No significant difference between various groups after the adjustment (multiple logistic regression
analysis)

2.2.4 MIDDLE CEREBELLAR PEDUNCLE (MCP) HYPERINTENSITY AND
ATROPHY

Whenever present, MCP hyperintensity and atrophy were always observed
bilaterally. It was most frequently seen in cases with MSA-P. None of the patients
with PO had MCP hyperintensity or atrophy (table 19 and 20).
Initial analysis using Fisher's exact test showed, MCP hyperintensity (both on
T2WI and FLAIR) was significantly more common in MSA-P group as compared
to patients with PO (p-value 0.001 ), while MCP hyperintensity on FLAIR was
significantly more common in patients with MSA-P as compared to that of PSP.
Multiple logistic regression analysis could not be done as none of the patients
with PO (on T2WI and FLAIR) and PSP case (on FLAIR) had MCP
hyperintensity.
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TABLE 19: MIDDLE CEREBELLAR PEDUNCLE HYPERINTENSITY
Patient
Group
(n)

MCP Hyperintensity in
T2W (n)

MCP Hyperintensity in
FLAIR (n)

Unilateral

Bilateral

Unilateral

Bilateral

Controls
(11)

0

2

0

3

8

PD (22)

0

0*

0

0*

22

MSA-P
(22)

0

11

0

9

11

PSP (23)

0

4

0

0**

19

MCP
hyperintensity
Not Detected
(n)

*p=O.OO vs MSA-P, **p=O.OO vs MSA-P (according to Fischer exact test. p-value <0.01 were
considered significant)

Atrophy of the MCP (table 20) was seen only in MSA-P and PSP cases. In MSA-

p group MCP atrophy was more frequently seen in probable MSA-P cases as
compared to the possible (9 vs. 1 case). Using Fisher's exact test a statistical"ly
significant difference was observed for MCP atrophy in patients with MSA-P as
compared to PD (p-value 0.001 ). There was no significant differel'}ce noted in
rest group comparisons.
There was no significant difference between MSA-P and PSP for MCP atrophy,
after multiple logistic regression analysis (table 24). However, multiple logistic
regression analysis could not be applied for group comparison with PD, as none
of the patients with PD had MCP hyperintensity or atrophy.
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TABLE 20: MIDDLE CEREBELLAR PEDUNCLE ATROPHY
Patient Group (n)

MCP Atrophy in T1W (n)

MCP atrophy

Unilateral

Bilateral

Not Detected
(n)

Controls (11)

0

1

10

PD (22)*

0

0

22

MSA-P (22)

0

10

12

PSP (23)

0

6

17

--

..

*p=0.001 vs MSA-P, accordmg to Frscher exact test. p-value <0.01 were consrdered srgnrfrcant

2.2.5 CEREBELLAR HYPERINTENSITY AND ATROPHY
Cerebellar hyperintensities were observed in two MSA-P cases on T2W images.
Cerebellar hyperintensities were not observed in other subject groups or in
FLAIR images in any of the groups.
Mild cerebellar vermis atrophy was commonly seen in all subject groups as a
consequence of advanced age. Cerebellar hemispheric atrophy was also seen
across all subject groups, most frequently in MSA-P and PSP cases.
Cerebellar findings did not show any statistically significant differences when
individual group comparisons were made.

2.2.6 HYPERINTENSITY OF THE INFERIOR OLIVE:
These were uncommonly seen in all subject groups either unilaterally or
bilaterally (table 21 ). Overall hyperintensity of the inferior olives was more
commonly seen in PSP group. However these findings did not show any
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statistically significant differences when individual group comparisons were
made.
TABLE 21: INERIOR OLIVE HYPERINTENSITY
Patient
Group (n)

Inferior
Olive
Hyperint.
Not
Detected (n)

Inferior Olive Hyperint.
in T2W (n)

Inferior Olive
Hyperint. in FLAIR (n)

Unilateral

Bilateral

Unilateral

Bilateral

2

1

1

0

8

PO (22)

0

3

0

2

19

MSA-P (22)

0

0

0

3

19

PSP (23)

2

4

2

2

17

Controls
(11)

-

..

No s1gn1f1cant differences observed among the groups (accordmg to F1scher exact test or after the
multiple logistic regression analysis)

TABLE 22: DILATATION OF THIRD AND FOURTH VENTRICLES
Patient Group (n)

Dilatation of Third
Ventricle

Dilatation of Fourth
Ventricle

Controls (11)

0*

0*

PO (22)

3*

2*

MSA-P (22)

3*

7

PSP (23)

21**

15
..

* p=O.OOO vs. PSP (accordmg to F1scher exact test p-values <0.01 were considered S1gn1f1cant)
** p=0.008 vs MSA-P and p=0.002 vs PO (according multiple logistic regression analysis)
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2.3 DILATATION OF THIRD AND FOURTH VENTRICLES
Third and fourth ventricle dilatation was looked for in T1W images (table 22).
Third ventricle dilatation was significantly more common in PSP patients
compared to each of the other subject groups (p-value 0.000; Fischer exact test).
Fourth ventricle dilatation was seen in both PSP and MSA-P patients and there
was no statistically significant difference between the two groups. Fourth
ventricle dilatation was significantly more common in PSP patients compared to
controls (p-value 0.000) and PO patients (p-value 0.000).
After multiple logistic regression analysis (table 24), third ventricular dilatation
was significantly more common in PSP group as compared to PO (p-value 0.002)
and MSA-P groups (p-value 0.008).
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Table 23: Statistical Comparison (P-Values) Of Conventional MRI Findings of
Different Groups (Fisher's Exact Test)
MRI variables
Al.Lateral putamina!
hyperintensity T2 (R)
A !.Lateral putamina!
hyperintensity T2 (L)
Al.Lateral putamina!
hyperintensity FLAIR (R)
A !.Lateral putamina!
h)'1Jerintensity FLAIR (L)
A2. Putamina!
Hypointensity T2 (R)
A2. Put aminal
Hypointensity T2 (L)
A2. Putaminal
Hypointensity FLAIR (R)
A2. Putamina!
Hypointensity FLAIR (L)
B 1. Pallidal
Hyperintensity T2 (R)
B 1. Pallidal
Hyperintensity T2 (L)
B 1. Pallidal
Hyperintensity FLAIR (R)
B 1. Pallidal
Hyperintensity FLAIR (L)
Cl.SCP Signal change T2
(R)
C l.SCP Signal change T2
(L)
C l.SCP Signal change
FLAIR(R)
Cl.SCP Signal change
FLAIR(L)
C2.SCP atrophy (R)
C2.SCP atrophy (L)

Control
vs PD
0.378

Control
vs MSA-P
0.212

Control
vs PSP
0.384

PDvs
MSA-P
0.747

PDvs
PSP
1

PSP vs
MSA-P
0.530

1

0.430

0.682

0.162

0.284

0.758

1

0.430

1

0.162

0.459

0.530

1

0.212

0.384

0.162

0.459

0.530

0.542

0.276

0.034

0.664

0.071

0.314

1

0.637

0.011

0.698

0.005

0.033

1

1

0.060

0.607

0.004

0.047

1

1

0.053

1

0.007

0.023

0.054

1

0.214

0.004

0.550

0.022

0.430

0.252

0.682

0.021

0.758

0.047

0.637

0.333

0.227

0.048

0.738

0.009

1

0.104

0.682

0.048

0.738

0.009

0.218

0.218

0.053

1

0.365

0.365

0.218

0.212

0.053

1

0.365

0.550

0.681

0.430

0.030

1

0.075

0.139

0.681

0.430

0.030

1

0.075

0.139

0.542
0.542

0.013
0.015

0.002
0.003

0.016
0.034

0.001
0.003

0.556
0.554
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Table 23 (continued)
MRI variables

Dl.PAG hyperintensity T2
D 1.PAG h yperintensi ty
FLAIR
D2.MB Tegmental
hyperintensity T2
D2.MB Tegmental
hyperintensity FLAIR
D3.Midbrain tegmental
atrophy
D4. Midbrain Diameter
El.Red N. Hyperintensity
T2 (R)
E1.Red N. Hyperintensity
T2 (L)
El.Red N. Hyperintensity
FLAIR(R)
El.Red N. Hyperintensity
FLAIR (L)
F1.Pontine Hyperintensity
T2
F1.Pontine Hyperintensity
FLAIR
F2. Pontine atrophy
G 1.MCP Hyperintensity T2
(R)
G 1.MCP Hyperintensity T2
(L)
G l.MCP Hyperintensity
FLAIR (R)
G1.MCP Hyperintensity
FLAIR (L)
G2.MCP atrophy (R)
G2.MCP atrophy (L)
Hl.InfOlive
Hyperintensity T2 (R)
Hl.InfOlive
Hyperintensity T2 (L)
Hl.InfOlive
Hyperintensity FLAIR (R)
HlJnfOlive
Hyperintensity FLAIR (L)

Control
vsPD
0.714
0 .. 026

Control
vs MSA-P
0.714
0.258

Control
vs PSP
0.114
1

PDvs
MSA-P
1
0.227

PDvs
PSP
0.007
0.002

PSP vs
MSA-P
0.007
0.108

0.333

1

0.003

1

0.000

0.000

-

1

0.000

1

0.000

0.000

0.637

0.212

0.000

0.510

0.000

0.000

0.071

0.604

1

-

-

0.000
0.280

-

0.000
0.109

0.000
0.109

-

-

0.280

-

0.109

0.109

-

-

0.280

-

0.109

0.109

-

-

0.280

-

0.109

0.109

0.687

0.010

0.252

0.015

0.353

0.136

0.643

0.004

0.214

0.005

0.314

0.076

0.276
0.104

0.000
0.249

0.034
1

0.005
0.001

0.314
0.109

0.076
0.057

0.104

0.249

1

0.001

0.109

0.057

0.030

0.703

0.028

0.001

-

0.001

0.030

0.703

0.028

0.001

-

0.001

0.333
0.333
1

0.054
0.054
0.104

0.384
0.384
1

0.001
0.001
0.233

0.022
0.022
0.459

0.221
0.221
0.022

1

1

1

0.233

1

0.109

1

1

1

1

0.665

1

0.542

0.534

1

1

1

0.665
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Table 23 (continued)

PDvs
PSP

PSPvs
MSA-P

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

0.534

0.534

0.000

1

0.000

0.000

0.542

0.067

0.000

0.132

0.000

0.038

0.121

1

0.138

0.055

0.136

0.130

0.121

1

0.138

0.055

0.089

0.130

0.068
0.143

0.022
0.077

1
0.003

0.203
1

0.132
0.065

0.013
0.130

0.143

0.077

0.006

1

0.120

0.221

0.712

1

0.151

0.543

0.373

0.076

0.712

1

0.135

0.543

0.231

0.038

MRI variables

Control
vsPD

Control
vs MSA-P

Control PDvs
vsPSP MSA-P

Il.Cerebellum
Hyperintensity T2 (R)
Il.Cerebellum
Hyperintensity T2 (L)
Il.Cerebellum
Hyperintensity FLAIR
(R)
Il.Cerebellum
Hyperintensity FLAIR
(L)
J. Dilatation Of3ra
Ventricle
K. Dilatation Of 4th
Ventricle
I2.Cerebellum
Hemispheric atrophy (R)
I2.Cerebellum
Hemispheric atrophy (L)
B.Vermian atrophy
L. Frontal Lobe Atrophy
(R)
L. Frontal Lobe Atrophy
(L)
M. Temporal Lobe
Atrophy (R)
M. Temporal Lobe
Atrophy (L)

-

-

-

-

-

-
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Table 24: Statistical comparison of (p values) of Conventional MRI Findings of
different groups, after adjusting for age, disease duration and severity of illness
MRI variables
Al.Lateral putamina! hyperintensity T2 (R)
A 1.Lateral putamina! h yperintensity T2 (L)
A1.Lateral putamina! hyperintensity FLAIR (R)
A 1.Lateral putamina! h yperintensity FLAIR (L)
A2. Putamina! Hypointensity T2 (R)
A2. Putamina! Hypointensity T2 (L)
A2. Putamina! Hypo intensity FLAIR (R)
A2. Putamina! Hypointensity FLAIR (L)
Bl. Pallidal fi:yperintensityT2 (RJ
Bl. Pallidal Hyperintensity T2 (L)
B 1. Pallidal Hyperintensity FLAIR (R)
B 1. Pallidal Hyperintensity FLAIR (L)
C1.SCP Signal change T2 (R)
Cl.SCP Signal change T2 (L)
C1.SCP Signal change FLAIR (R)
Cl.SCP Signal change FLAIR (L)
C2.SCP atrophy (R)
C2.SCP atrophy (L)
Dl.PAG hyperintensity T2
D1.PAG hyperintensity FLAIR
D2.MB Tegmental hyperintensity T2
D2.MB Tegmental hyperintensity FLAIR
D3.Midbrain tegmental atrophy
D4. Midbrain Diameter*
El.Red N. Hyperintensity T2 (R)
El.Red N. Hyperintensity T2 (L)
E1.Red N. Hyperintensity FLAIR (R)
E 1.Red N. Hyperintensity FLAIR (L)
F1.Pontine Hyperintensity T2
Fl.Pontine Hyperintensity FLAIR
F2. Pontine atrophy
G 1.MCP Hyperintensity T2 (R)
Gl.MCP Hyperintensity T2 (L)
G 1.MCP Hyperintensity FLAIR (R)
G 1.MCP Hyperintensity FLAIR (L)
G2.MCP atrophy (R)
G2.MCP atrophy (L)
Hl.Inf Olive HYIJ_erintensity T2 (_RJ
Hl.InfOlive Hyperintensity T2 (L)
Hl.InfOlive Hyperintensity FLAIR (R)
H l.Inf Olive Hyperintensity FLAIR (L)
Il.Cerebellum Hyperintensity T2 (R)
Il.Cerebellum Hyperintensity T2 (L)

PDvs
MSA-P
0.201
0.676
0.979
0.960
0.412
0.507
0.593
0.423
0.020
0.071
0.998
0.998
0.314
0.450
0.450
0.450
0.804
1.000
0.946
0.271
NA
NA
0.608
0.047
NA
NA
NA
NA
0.336
0.251
0.274
NA
NA
NA
NA
NA
NA
0.998
0.998
0.686
0.686
NA
NA

PDvs
PSP
0.051
0.022
0.663
0.020
0.885

PSPvsMSAp
0.322
0.605
0.490
0.812
0.421

0.034
0.052
0.017
0.263
0.654
0.781
0.746
0.632
0.632
0.263
0.263
0.059
0.112
0.074
0.044
NA
NA
0.014
0.000
0.998
0.998
0.998
0.998
0.799
0.743
0.573
NA
NA
NA
NA
NA
NA
0.709
0.389
0.679
0.829
NA
NA

0.040
0.059
0.017
0.087
0.218
0.998
0.998
0.193
0.324
0.133
0.133
0.216
0.193
O.o38
0.119
0.005
0.005
0.002
0.000
0.998
0.998
0.998
0.998
0.043
0.039
0.036
0.049
0.049
NA
NA
0.203
0.203
0.998
0.998
0.554
0.070
NA
NA
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Table 24 (continued)
MRI variables

PDvs
MSA-P

PDvs
PSP

PSPvsMSAp

Il.Cerebellum Hyperintensity FLAIR (R)
Il.Cerebellum Hyperintensity FLAIR (L)
J. Dilatation Of 3ro Ventricle
K. Dilatation Of 4th Ventricle
12.Cerebellum Hemispheric atrophy (R)
12.Cerebellum Hemispheric atrophy (L)
13. Vermian atrophy
L. Frontal Lobe Atrophy (R)
L. Frontal Lobe Atrophy (L)
M. Temporal Lobe Atrophy (R)
M. Temporal Lobe Atrophy (L)

NA
NA
0115
0.669
0.185
0.185
0.220
0.092
0.092
0.710
0.710

NA
NA
0.002
0.763
0.030
0.030
0.069
0.186
0.323
0.375
0.290

NA
NA
0.008
0.030
0.091
0.091
0.024
0.126
0.096
0.011
0.007

..

p values according to multiple log1st1c regression, p <0.01 was considered s1gnif1cant,
* p value according to analysis of covariance (ANCOVA), p <0.01 was considered significant.
NA- statistical analysis not applicable
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SWI MRI FINDINGS
Hypointensity scores (mean±SD) of the four regions in all the groups are shown
in table 25. Controls and patients with PD had lower hypointensity scores (0 or 1)
for all the four regions and none had a score of 3 for any of the analyzed regions.
On the other hand, patients with MSA-P and PSP frequently scored 2 or 3 in the
analyzed regions. The hypointensity scores of red nucleus were significantly
higher in PSP in comparisons to that of MSA-P, PD and control groups (p =
0.000). Putamina! hypointensity score was significantly higher in PSP when
compared to PD (p= 0.002) and control (p=0.007) but showed no significant
differences between PSP and MSA-P or MSA-P and PD patient groups. Dentate
nucleus hypointensity score was significantly higher in PSP group as compared
control (p=0.004) and PD (p=O.OOO), also it was significantly higher in MSA-P
group as compared to PD (p=0.007). There was no significant difference in
hypointensity scores of any of the four regions between PD and control (table
26).

After the adjustment for age, duration of illness and disease severity,
using ANCOVA (table 27), hypointensity score for red nucleus in PSP was
higher when compared to MSA-P (p = 0.000) and PD (p = 0.000). Substantia
nigra hypointensity score was also higher in PSP compared to PD (p = 0.004).
There was a trend towards significance for denate and putamina! hypointensity
score being higher in PSP compared to PD (p = 0.031 and 0.014 respectively).
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Table 25: SWI HYPOINTENSITY SCORES, MEAN (SD) OF THE SUBJECT
GROUPS
Subject
Group

Dentate
Nucleus

Substantia
Nigra

Mean (SO)

Mean (SO)

Controls

0.64 (0.67)§

PO

Putamen

Red Nucleus

Mean (SO)

Mean (SO)

0.64 (0.67)§

0.82 (0.75)§

0.64 (0.67)§

0.59 (0. 79)*#

1.05 (0.95)

0.91 (0.811)#,+

0.95 (0.89)#*

MSA-P

1.36 (0.95)

1.41 (0.90)

1.41 (1.18)

1.00 (0.97)fr*

PSP

1.74(1.01)

1.78 (0.99)

1.83 (0.93)¥

2.30 (0.87)

*p=0.007 vs MSA-P, #p=O.OOO vs PSP, + p=0.002 vs PSP, ,-r p=O.OOO vs PSP, § p<0.002 vs PSP
( p- value according to Mann-Whitney U-test p-value <0.01 were considered significant).
'iTp=O.OOO vs PSP ¥p=0.004 vs PO (according to ANCOVA)

Table 26: STATISTICAL COMPARISON (p VALUE) OF MEAN SWI
HYPOINTENSITY SCORES OF DIFFERENT GROUPS*
Variables

PO vs
Control

MSA-P vs
Control

PSPvs
Control

PO vs
MSA-P

PO vs
PSP

MSA-P vs
PSP

Dentate

0.749

0.044

0.004

0.007

0.000

0.193

Substantia
Nigra

0.281

0.026

0.003

0.245

0.023

0.226

Putamen

0.836

0.218

0.007

0.181

0.002

0.189

Red
nucleus

0.396

0.396

0.000

0.960

0.000

0.000

--

* p- value according to Mann-Whitney U-test. p-value <0.01 were considered significant
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Table 27: Statistical comparison of (p values)* of SWI hypointensity scores of
different groups, after adjusting for age, disease duration and severity of illness
Variables

PD vs MSA-P

PD vs PSP

MSA-P vs PSP

Dentate

0.182

0.031

0.089

Substantia Nigra

0.499

0.004

0.079

Putamen

0.930

0.014

0.161

Red nucleus

0.784

0.000

0.000

* p-values according to analysis of covariance (ANCOVA), p-value <0.01 were considered
significant

Table 28: ROC (Receiver operating characteristic) analysis of SWI hypointensity
scores of different groups
Variables

Groups
Compared

Sensitivity Specificity PPV

NPV

AUC

Red nucleus

PSP vs PO

63.6

82.6

70.4

77.8

0.848

HI score= 2

PSP vs MSAp

72.7

82.6

76.0

80.0

0.826

Substantia
nigra

PSP vs PO

56.5

54.5

56.5

54.5

0.690

Dentate

PSP vs PO

60.9

81.8

77.8

66.7

0.799

HI score= 2

PSP vs MSAp

60.9

59.1

60.9

59.1

0.609

Putamen

PSP vs PO

56.5

81.8

76.5

64.3

0.758

HI score= 2

HI score= 2
HI- hypointensity score, PPV- positive predictive value, NPV- negative positive predictive
value, all sensitivity, specificity, PPV and NPV in percentages, AUC - area under curve
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ROC Curve
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FigureS: ROC analysis of red

nucleus hypointensity score PSP

nucleus hypointensity score PSP

versus PD

versus MSA-P

The optimal cut-off level for the red nucleus SWI hypointensity score (Figure 7
and 8) that discriminated between PSP and other subject groups was ;:: 1.5.

Because the scoring system does not include 1.5, it can be inferred that a score
of ;:: 2 is indicative of a diagnosis of PSP and a score of < 2 is indicative of a
diagnosis of MSA-P or PD. A score of;:: 2 could distinguish PSP from PO with a
sensitivity,.,., of 63.6% and specificity of 82.6% and PSP from MSA-P with a
sensitivity of 72.7% and specificity of 82.6% (table 28). Dentate nucleus
hypointensity score ;:: 2 could differemiate PSP from PO with a sensitivity of
60.9% and specificity of 81.8% and PSP from MSA-P with a sensitivity of 60.9%
and specificity of 59.1 %. For putamina! hypointensity, a score of ~ 2 differentiated
PSP from PO with a sensitivity of 56.5% and specificity of 81.8%.

87

DIFFUSION TENSOR IMAGING
DTI images were evaluated for all subjects (11 controls, 22 PO, 22 MSA-P and
23 PSP patients).

REGIONAL APPARENT DIFFUSION COEFFICIENT (rADC) ANALYSIS
Mean (SO) rADC of various ROis are plotted in table 29.
Group comparisons of rADCs of various ROis were done by Mann-Whitney U
test (table 30). Due to multiple group comparisons the significance level was set
at p<0.01.
Mean rADC of left MCP was significantly elevated in patients with MSA-P as
compared to control (p-value 0.008) and PO (p=0.008), while that of right MCP
there was trend towards significance for MSA-P vs control (p-value 0.040) and
MSA-P vs PO (p-value 0.041 ).
Mean rADC of pontine base was also significantly higher in MSA-P group as
compared to control (p-value 0.006) and there was a trend towards significance
as compared to both PO (p=0.019) and PSP (p=0.023) (table 30).
Mean rADC of left cerebellar hemisphere was significantly higher in patients with
MSA-P as compared to PO (p-value 0.004 ), while there was strong trend towards
significance for right cerebellar hemispheric rADC (p-value 0.013).
Mean rADC of GP, superior colliculus and right and left halves of midbrain
tegmentum were elevated in PSP patients as compared to other groups, but
differences did not reach statistically significant level. However there was strong
trend towards significance for elevated rADC of GP on both sides in PSP group
as compared to PO (p-value 0.018 and 0.026 right and left respectively) and
control (p-value 0.021 and 0.025 for right and left respectively). In addition there
was a strong trend towards significance for higher rADC of right superior
colliculus in PSP patients as compared to MSA-P (p-value 0.019).
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Comparison of rADC of caudate, putamen, SCP and genu among various groups
failed to achieve significance.
After the adjustment for age, duration of illness and disease severity, using
analysis of covariance (ANCOVA), rADC in bilateral globus pallidus was
significantly elevated in patients with MSA-P and PSP as compared to that in PD
patients (table 31 ).
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Table 29: MEAN (SD) rADCs (x10-3 mm 2/s) OF VARIOUS ROis

'·

PO (n=22)*

Controls
(n=11)

MSA-P (n=22)

PSP (n=23)

GP(R)

0. 749 (0.040)

0.782 (0.078)*

0.845 (0.152)*

GP (L)

0. 768 (0.092)

0.789 (0 061)*

0.830 (0.150)*

CAUDATE(R)

0.700 (0.038)

0.723 (0.065)

0.740 (0.093)

CAUDATE(L)

0.725 (0.031)

0.712 (0.047)

0.729 (0.054)

PUTAMEN(R)

0.715 (0.037)

0.728 (0.047)

0.716 (0.063)

PUTAMEN(L)

0.706 (0.052)

0.723 (0.051)

0.736 (0.088)

SCP (R)

0. 829 (0.087)

0.854 (0.119)

0.860 (0.118)

SCP (L)

0.874 (0.148)

0.863 (0.116)

0.856 (0.136)

MCP (R)

0.669 (0.027)

0.765 (0.144)

0.768 (0.197)

MCP (L)

0.680 (0.045)

0.788 (0.136)$1(

0.765 (0.136)

SC (R)

0.764 (0.047)

0.706 (0.090)

0.809 (0.206)

SC (L)

0.775 (0.036)

0. 738 (0.093)

0.806 (0.214)

MBR TEG (R)

0.756 (0.030)

0.756 (0.049)

0.775 (0.058)

MBR TEG (L)

0. 762 (0.029)

0.760 (0.061)

0.781 (0.061)

CERELLUM
(R)

0.752 (0.047)

0.811 (0.139)

0.806 (0.139)

CERELLUM (L)

0.760 (0.048)

0.824 (0.163)£

0.807 (0.162)

PONTINE
BASE

0.738 (0.022)

0.798 (0.091)#

0.778 (0.086)

0.787
(0.087)

GENU

0.708 (0.053)

0. 726 (0.068)

0.725 (0.067)

0.719
(0.050)

ROI

0.751
(0.130)
0.720
(0.059)
0.729
(0.064)
0.814
(0.089)
0.680
(0.048)
0.774
(0.116)
0.757
(0.041)
0.721
(0.029)

..
* Values for PO group are the values on worse s1de as JUdged chmcally
$p=0.008 vs control, 1Jp= 0.002 vs PO, £p=0.004 vs PO, #p=0.006 vs control (p-value according to MannWhitney U-test. p-value <0.01 were considered significant)
*p<0.01 vs PO (according to ANCOVA)
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Table 30: Statistical comparison (p value} of mean rADC of different groups.*
ROI

Control
Vs.PD

Control
Vs. MSA-P

Control
Vs. PSP

GPI (R)

0.807

0.178

0.021

0.139

0.018

0.117

GPI (L)

0.486

0.355

0.025

0.050

0.026

0.601

CAUDATE(R)

0.558

0.510

0.424

0.942

0.778

0.725

CAUDATE(L)

0.611

0.510

1

0.944

0.547

0.407

PUTAMEN(R)

0.560

0.560

0.690

0.972

0.401

0.340

PUTAMEN(L)

0.299

0.355

0.468

0.879

0.892

0.937

SCP (R)

0.895

0.585

0.468

0.275

0.180

0.937

SCP (L)

0.396

0.955

0.828

0.209

0.364

0.742

MCP (R)

0.462

0.040

0.098

0.041

0.131

0.716

MCP (L)

0.895

0.008

0.028

0.002

0.014

0.481

SC (R)

0.807

0.069

0.468

0.049

0.358

0.019

SC (L)

0.396

0.143

0.537

0.270

0.919

0.352

MBR TEG (R)

0.955

0.955

0.214

1

0.166

0.207

MBR TEG (L)

0.778

0.611

0.363

0.916

0.097

0.117

CERELLUM(R)

0.154

0.534

0.690

0.013

0.034

0.785

CERELLUM(L)

0.024

0.721

0.744

0.004

0.032

0.481

PONTINEBASE 0.019

0.006

0.023

0.275

0.609

0.388

0.807

0.534

0.586

0.597

0.642

0.946

GENU

PDVs.
MSA-P

PDVs
PSP

MSA-P
VsPSP

--

--

--

* p-value according to Mann-Whitney U-test. p-value <0.01 were considered significant
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Table 31: Statistical comparison of (p values) of mean rADC of different groups,
after adjusting for age, disease duration and severity of illness
ROI

PO Vs. MSA-P

PO Vs PSP

MSA-P Vs PSP

GPI (R)

0.004

0.001

0.647

GPI (L)

0.002

0.002

0.652

CAUDATE(R)

0.304

0.937

0.401

CAUDATE(L)

0.031

0.946

0.176

PUTAMEN(R)

0.962

0.379

0.301

PUTAMEN(L)

0.846

0.506

0.824

SCP (R)

0.784

0.078

0.203

SCP (L)

0.735

0.073

0.342

MCP (R)

0.306

0.201

0.808

MCP (L)

0.221

0.102

0.714

SC (R)

0.116

0.504

0.055

SC (L)

0.798

0.465

0.257

MBR TEG (R)

0.587

0.308

0.489

MBR TEG (L)

0.261

0.185

0.832

CERELLUM(R)

0.192

0.100

0.967

CERELLUM(L)

0.217

0.138

0.834

PONTINEBASE

0.796

0.729

0.500

GENU

0.528

0.732

0.482

--

* p-va!ue according to analysis of covariance (ANCOVA), p-value <0.01 were considered
significant
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Table 32: ROC (Receiver operating characteristic) analysis of rADC of different
groups
Variables

Groups
Compared

Sensitivity Specificity PPV

NPV

AUC

GPI (R)

PD vs PSP

63.6

73.9

70.0

68.0

0.706

rADC < 0.756

PD vs MSA-P

63.6

63.6

63.6

63.6

0.630

GPI (L)

PD vs PSP

63.6

69.6

66.7

66.7

0.694

rADC <0.756

PD vs MSA-P

63.6

68.2

66.7

65.2

0.673

PPV- positive predictive value, NPV- negative predictive value, all sensitivity,
specificity, PPV and NPV in percentages, AUG - area under curve

The optimal cut-off level of rADC of <0.756 for the right GP could distinguish PD
from PSP with a sensitivity of 63.6% and specificity of 73.9% (AUG 0.706) and
PD from MSA-P with a sensitivity of 63.6% and specificity of 63.6% (AUG 0.630).
While the optimal cut-off level of rADC of <0.756 for the left GPI could distinguish
PD from PSP with a sensitivity of 63.6% and specificity of 69.6% (AUG 0.694)
and PD from MSA-P with a sensitivity of 63.6% and specificity of 68.2% (AUG

0.673) (Figures 9 and 10).
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Figure 9: ROC analysis of rADC of
Globus pallidus PSP versus PD
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Figure 10: ROC analysis of rADC of
Globus pallid us MSA-P versus PD
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FRACTIONAL ANISOTROPY ANALYSIS

Mean (SD) FA of various ROis are plotted in table 33.
Group comparisons of FA of various ROis were done by Mann-Whitney U test
(table 34). Due to multiple group comparisons the significance level was set at
p<0.01.
Mean FA value for the SCP on both sides, was significantly decreased in patients
with PSP as compared to those with PD (p-value 0.003).
Mean FA value for left MCP was significantly decreased in MSA-P group as
compared to PD (p-value 0.006), while there was a trend towards significance for
the mean FA of right MCP (p-value 0.034). Mean FA of MCP was decreased in
patients with MSA-P as compared to other groups, however it did not reach
statistical significance. Similarly mean FA value for pontine base, bilateral
putamen and bilateral cerebellar hemisphere was decreased in patients with
MSA-P as compared to other groups, however it did not reach statistical
significance.
FA values of putamen, pallidum, superior colliculus, midbrain tegmentum,
cerebellar hemisphere, pontine base and genu of the corpus callosum showed
no significant differences between various groups.
After the adjustment for age, duration of illness and disease severity, using
analysis of covariance (ANCOVA), there was a trend towards significance for
decreased mean FA in bilateral SCP in patients with PSP as compared to that in
PD patients (table 35).
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TABLE 33: MEAN (SO) FA OF VARIOUS ROis
ROI

Controls
(n=11)

MSA-P (n=22)

PSP (n=23)

PO (n=22)*

GP(R)

0.412 (0.091)

0.380 (0.079)

0. 396 (0. 100)

GP (L)

0.386 (0.087)

0.363 (0.066)

0.406 (0.082)

CAUDATE{R)

0.222 (0.038)

0.224 (0.035)

0.273 (0.059)

CAUDATE(L)

0.219 (0.023)

0.236 (0.047)

0.258 (0.051)

PUTAMEN(R)

0.274 (0.037)

0.252 (0.054)

0.270 (0.052)

PUTAMEN(L)

0.294 (0.047)

0.257 (0.037)

0.265 (0.045)

SCP (R)

0.722 (0.071)

0.746 (0.087)

0.677 (0.128)$

SCP (L)

0.740 (0.067)

0.734 (0.083)

0.676 (0.143)$

MCP (R)

0.702 (0.039)

0.653 (0.096)

0. 725 (0.092)

MCP (L)

0.681 (0.042)

0.640 (0.086)#

0.698 (0.089)

SC (R)

0.403 (0.246)

0.284 (0.079)

0.294 (0.122)

SC (L)

0.423 (0.242)

0.276 (0.067)

0.313 (0.124)

MBR TEG (R)

0.494 (0.047)

0.488 (0.059)

0.510 (0.070)

MBR TEG (L)

0.512 (0.042)

0.505 (0.071)

0.520 (0.078)

CEREBELLUM
(R)

0.280 (0.033)

0.265 (0.071)

0.283 (0.043)

CEREBELLUM
(L)

0.275 (0.031)

0.269 (0.078)

0.276 (0.048)

PONTINE
BASE

0.469 (0.028)

0.451 (0.070)

0.475 (0.052)

0.47 4 (0.041)

GENU

0.781 (0.051)

0.786 (0.057)

0. 796 (0.069)

0.801 (0.054)

0.370 (0.073)

0.241 (0.039)

--

0.277 (0.055)

0.791 (0.063)

0.714 (0.059)

0.281 (0.065)

0.502 (0.058)

0.298 (0.027)

* Values for PO group are the values on worse side as judged clinically
$p=0.003 vs PO, #p=0.006 vs PO (p-value according to Mann-Whitney U-test p-value <0.01
were considered significant).
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Table 34: Statistical comparison (p value) of mean FA of different groups
ROI

Control
Vs.PD

Control
Vs. MSA-P

Control
Vs. PSP

GPI (R)

0.233

0.355

0.637

0.656

0.532

0.768

GPI (L)

0.693

0.638

0.445

0.787

0.100

0.058

CAUDATE(R)

0.264

0.985

0.004

0.146

0.042

0.001

CAUDATE(L)

0.048

0.396

0.004

0.622

0.296

0.212

PUTAMEN(R)

0.665

0.154

0.490

0.110

0.601

0.188

PUTAMEN(L)

0.336

0.053

0.106

0.418

0.562

0.708

SCP (R)

0.009

0.418

0.424

0.116

0.003

0.082

SCP (L)

0.053

0.955

0.176

0.037

0.003

0.107

MCP (R)

0.778

0.204

0.513

0.034

0.751

0.026

MCP (L)

0.143

0.166

0.291

0.006

0.691

0.040

SC (R)

0.955

0.611

0.717

0.860

0.751

0.946

SC (L)

0.317

0.204

0.663

0.787

0.594

0.388

MBR TEG (R)

0.925

0.665

0.744

0.542

0.910

0.376

MBR TEG (L)

0.510

0.611

0.885

0.972

0.683

0.586

CEREBELLUM
(R)

0.114

0.355

0.800

0.026

0.166

0.180

CEREBELLUM
(L)

0.048

0.665

0.800

0.065

0.022

0.691

PONTINEBASE. 0.638

0.133

0.637

0.059

0.919

0.112

0.375

0.749

0.468

0.405

0.768

0.570

GENU

PDVs.
MSA-P

PDVs
PSP

MSA-P
VsPSP

(* p-value according to Mann-Whitney U-test. p-value <0.01 were considered significant)
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Table 35: Statistical comparison of (p values) of mean FA of different groups,
after adjusting for age, disease duration and severity of illness
ROI

PD Vs. MSA-P

PD Vs PSP

MSA-P Vs PSP

GPI (R)

0.520

0.440

0.352

GPI (L)

0.472

0.334

0.122

CAUDATE(R)

0.465

0.318

0.019

CAUDATE(L)

0.969

0.466

0.535

PUTAMEN(R)

0.400

0.528

0.578

PUTAMEN(L)

0.443

0.245

0.629

SCP (R)

0.441

0.026

0.090

SCP (L)

0.150

0.026

0.108

MCP (R)

0.797

0.602

0.209

MCP (L)

0.212

0.829

0.265

SC (R)

0.239

0.924

0.843

SC (L)

0.687

0.597

0.315

MBR TEG (R)

0.898

0.894

0.363

MBR TEG (L)

0.564

0.696

0.755

CERELLUM(R)

0.413

0.103

0.761

CERELLUM(L)

0.629

0.107

0.995

PONTINEBASE

0.532

0.951

0.388

GENU

0.365

0.362

0.978

* p-va/ue according to analysis of covariance (ANCOVA), p-value <0.01 were considered
significant
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Table 36: ROC (Receiver operating characteristic) analysis of FA of different
groups
Variables

Groups
Compared

Sensitivity Specificity PPV

NPV

AUC

SCP (R)

PO vs PSP

90.9

56.5

62.5

85.7

0755

PO vs PSP

90.9

65.2

71.4

88.2

0.760

FA> 0.715
SCP (L)
FA> 0.715
..

PPV- positive predictive value, NPV- negative positive predictive value, all sensit1v1ty,
specificity, PPV and NPV in percentages, AUC - area under curve

The optimal cut-off level of FA of> 0.715 for the right SCP could distinguish PD
from PSP with a sensitivity of 90.9% and specificity of 56.6% (AUC 0.755) while
FA of> 0.715 for the left SCP could distinguish PO from PSP with a sensitivity of
90.9% and specificity of 65.2% (AUC 0.760)
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DISCUSSION
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We performed a prospective, multimodality MRI study to differentiate PD, MSA-P
and PSP patients and to identify the MRI protocols which had the highest
discrimination power. This is the first study, to incorporate susceptibility weighted
imaging for this purpose along with conventional MRI and DTI.

DEMOGRAPHIC CHARACTERISTICS AND CLINICAL FEATURES
At the time of study, patients with PSP were significantly older when
compared to MSA-P and controls, and patients with PD were older when
compared to MSA-P group. There was no significant difference in the age at
study between PD and PSP groups. At the time of study patients with PD had a
significantly longer disease duration compared to patients with PSP and MSA-P.
Disease severity assessed by UP DRS Ill scores and modified H& Y stage
showed that patients with MSA-P had significantly higher UPDRS Ill scores in the
"drug off' state than patients with PD, while both MSA-P and PSP patients had
higher scores on modified H&Y stage compared to PD. This may be because of
more severe postural instability and gait difficulties in them.
In the current series, all

MSA~P

cases (91 %) had early and prominent

autonomic dysfunction, except two patients with possible MSA-P. In PSP and PD
groups, orthostatic hypotension was recorded in 4.5% and 8.7% of patients
respectively. However, it was either asymptomatic or late in the course of illness,
.,.

similar to the reports in the literature. Similarly, urinary complaints or erectile
dysfunction was a late feature in some PD and PSP cases (4.5% and 26%
respectively). 7 •134-136
In current series, pyramidal and cerebellar signs were seen in 13 (59%)
and 4 (18.2%) patients with MSA-P respectively. Additional features like
presence of pyramidal signs in the form of positive Babinski sign with
hyperreflexia, and cerebellar signs in the form of gait ataxia, cerebellar
dysarthria, limb ataxia, or cerebellar oculomotor dysfunction can be seen in
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patients with MSA-P. Although cerebellar signs are typical of MSA-C, these
features can also be seen in 20 ~ 30% of patients with MSA-P. 5 ·6 ·12 ·137
Prominent postural instability with falls in the first year of illness was
reported by 91% (21/23) of the PSP patients and 18.2% (4/22) of MSA-P cases
in our series. None of the patient with clinical diagnosis of PD reported early
and/or prominent postural instability or falls. Prominent postural instability with
falls in the first year of illness is a hallmark feature of atypical parkinsonian
disorders, particularly PSP. Among PSP, MSA-P and PD latencies to onset of
falls are the shortest in PSP patients, intermediate in MSA and longest in
P0. 138 ·139 Similar patterns was seen in our patients also. 5 ·138-141 All PSP cases
(100%) had supranuclear vertical gaze palsy. Visually guided saccades were
normal in all the MSA-P and PO cases.
In all of our PO patients, levodopa responsiveness was good to excellent.
It was poor-moderate in patients with MSA-P and generally poor in patients with
PSP. Only 3 (13.6%) MSA-P cases and 2 (8.7%) PSP cases reported goodexcellent levodopa responsiveness.
The demographic and clinical characteristic of our patient groups are
similar to previous reports on APDs. 5- 7·134-141

COMPARISON OF CONVENTIONAL MRI FINDINGS OF SUBJECT GROUPS

In the conventional MRI sequences (T1W, T2W and FLAIR) we found that in
PSP midbrain atrophy, midbrain tegmental hyperintensity and third ventricle
dilatation were significantly more common when compared to cases with PO,
MSA-P and normal controls.
Midbrain atrophy was seen in 91.3% of patients with PSP by visual
analysis of T2W mid sagittal images. It was significantly more common in PSP
when compared to PD,

MSA-P and controls.

Linear measurements of

anteroposterior midbrain diameter (in 3D-FLASH sequences) could differentiate
PSP cases from MSA-P, PO and controls. In addition, this difference (both visual
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assessment and diameter measurement) was persistent even after adjustment
for age, duration of the disease and disease severity. However, neither visual
inspection for midbrain atrophy nor midbrain diameter measurements could
distinguish MSA-P patients from PD. Midbrain atrophy by visual analysis alone
could differentiate PSP cases from PD with 81% sensitivity and 77% specificity;
and PSP from MSA-P with 77% sensitivity and 73% specificity. Atrophy of the
midbrain has been reported to be found in up to 75-89% of clinically diagnosed
(probable plus possible) PSP patients. 62 ·67 ·82 Righini et al., reported similar
specificity (77%) for differentiating PSP from PD, however sensitivity was low
(68%) compared to the current study. 83 On the other hand, Scharg et al., found a
low specificity (37%) compared to our study for differentiating PSP from MSAP.62 In the current series, we used T2W mid-sagittal MRI cuts (in contrast to T1W
and T2W axial cuts used in previous studies) to visually assess the midbrain
atrophy as these are more accurate than axial cuts because they are not subject
to the influence of the scanning angle. We also made sure that the sagittal cuts
should not be too thick to avoid partial volume effects. In addition, to avoid the
confounding factor related to the preciseness of mid-sagittal plane, we used
coronal 3D-FLASH sequences reconstructed in an axis perpendicular to the
aqueduct to measure the midbrain diameter.
The mean midbrain diameter in PSP recorded by us (mean 12.96; range
11.8-14.9mm) was slightly lower as compared to previous reports (mean 13.4;
range 11-15mm). 78·129 The mean midbrain diameters of controls (mean 15.74;
range 14.3-17.1mm), PD (mean 15.16; range 13.8-16.8mm) and MSA-P (mean
15.90; range 14.1-17.6mm) were slightly lower in our series than previously
reported (mean18.2; range 17-20mm, mean 18.5; range 17-19mm, mean 16.7;
range 14-19mm, respectively). 78 Similar to the previous report, we also did not
find statistically significant correlation between reduced midbrain diameters and
patients' age, duration, or severity of disease. Based on our data, we found that a
midbrain diameter less than 13.75 mm, has 100% specificity and 82.6%
sensitivity to differentiate PSP from PD and MSA-P. These values are as better
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as measurement of the midbrain diameter, which is relatively tedious process
and not routinely available in all the scanners. 80 ·129·130
In our series, midbrain tegmental hyperintensity was well seen in both
T2W and FLAIR images in 79.57% of PSP patients. Midbrain tegmental
hyperintensity could differentiate PSP from PD with a sensitivity of 70% and
specificity of 100% while it could differentiate PSP from MSA-P with a sensitivity
of 70% and specificity of 96.55%. This is clearly higher than previous reports.
Midbrain tegmental hyperintensity in PSP has been observed in 30%
82 •87

83 -

60%

of the PSP cases in various series. Righini et al., 83 found tegmental T2

hyperintensity had 100% specificity but poor sensitivity (28%). Later, Schrag et
al., 62 had shown that midbrain hyperintensity could differentiate PSP from MSA
with sensitivity of 60% and specificity of 70%. Diffuse high-signal lesions in the
tegmentum of the midbrain occurs secondary to the fibrillary gliosis, nerve cell
loss and loss of myelin in addition to the presence of neurofibrillary tangles in the
midbrain tegmentum and periaqueductal region. 87
Another well described MRI characteristic of PSP is the presence of
disproportionate dilatation of the third ventricle compared to the lateral ventricles.
In our series, this sign was seen in 91.3% of PSP, which was significantly higher
than PD, MSA-P and healthy controls, even after adjustment for age, duration of
the disease and disease severity. Furthermore, this finding could differentiate
PSP from PD and MSA-P with a specificity of 86.4% and sensitivity of 91.3%.
Yekhlef et al., shown this finding can be seen up to 77% of patients with PSP. 67
Later, Schrag et al., found that this finding could differentiate PSP from MSA with
a specificity of 80%, sensitivity of 77% and PPV of 71%. 62
Fourth ventricle dilatation has been reported to be a feature of MSA (both
MSA-C and MSA-P). 62 In our series this finding could not differentiate MSA-P
from either PSP or PD. The lack of fourth ventricular dilatation as a significant
feature in our MSA group, could be because all our MSA cases were MSA-P type
and it is well known that olivopontocerebellar fiber degeneration which in turn
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leads to fourth ventricle dilatation is an early feature in MSA-C compared to
MSA-P. 66 Secondly, patients with MSA-P in our study were younger (mean 54.55
years) than in previous reports (mean age 64 years) which reported fourth
ventriclular dilatation as a significant finding in MSA-P patients. 52
We observed that putamina! hypointensity was present in the all groups
and there were no significant differences among the groups. Hypointense signal
changes in the putamen have been proposed as a marker of MSA-P, but it's
occurrence in normal elderly, PO and PSP is also well known. 60 ·61 ·142 Milton and
coworkers studied healthy subjects aged 20-80 years and found that putamina!
hypointensity could be detected beyond the age of 60 years. 142 Kraft et al. 61
found hypointense changes in the putamen in 9% cases with PO, 40% cases
with PSP and in 36% cases with MSA. In another series, putamina! hypointensity
on 1.5 T scans tended to be more frequent in patients with MSA (28.1%) but was
also present in 6.7% PO cases and 3.1% of controls. 60 Bhattacharya and
coworkers in their analysis found that 6 of their 21 PO cases had hypointensity of
the putamen relative to the globus pallidum. 63 Thus, we conclude hypointense
putamina! changes are not specific MRI feature for MSA-P.
We noted that lateral putamina! hyperintensity could be seen in all subject
groups. Although it was more frequent and more often bilateral in MSA-P cases,
the group differences did not reach statistical significance. Although the presence
of hyperintense putamina! rim has been proposed to be specific for MSA-P, 60 ·62
this is not surprising because even normal subjects may show a very thin
hyperintense rim along the anterior border of putamen because of age-related
reactive gliosis. 66 In fact, on T2-weighted images at 3.0 T, a hyperintense
putamina! rim is a nonspeci?c, normal ?nding. 69 Lateral putamina! hyperintensity
can also occur in PD. Bhattacharya et al., 63 in their analysis, found slit like
hyperintensity along the posterolateral margin of putamen in 11 of their 21 PO
cases. Although the lateral putamina! hyperintensity in PO was mild when
compared to cases with MSA-P, a similar degree of hyperintensity was also seen
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in some of the MSA-P cases. Another reason for disparity is the lack of definition
of the hyperintensity that is considered as a positive finding. There is also no
consensus about the significance of unilateral versus bilateral findings.
The presence of a pattern consisting of hypointense and hyperintense T2
changes within the putamen has been suggested as a highly specific MRI sign of
MSA with 100% specificity but 60% sensitivity. 61 However in our series, the
combination putamina! hypointense and hyperintense was noted in all the patient
groups except controls but did not help much in differentiation of patient groups.
Atrophy and the hyperintensity of the globus pallidus have been described
in PSP. 33 Although it was more common in patients with PSP, in our study
compared to MSA-P, it was not significant, after correction for age, duration of
disease and disease severity. Pallidal hyperintensity was almost equally common
in patients with PSP and PD in our series (7 [30.43%] PSP and 8 [36.36%] PD).
In addition, it had very low sensitivity and specificity in differentiating the subject
groups. It is well recognized that lacunar infarcts, dilatation of Virchow-Robin
spaces or rarefaction of fibers and gliosis with accompanying calcium deposits
can all cause pallidal hyperintensities especially in old age. 66 Indeed, patients
with PD, in our series were older as compared to those with MSA-P and healthy
controls. This might explain the frequent occurrence of pallidal hyperintensity in
our PD patients.
In our subject groups, SCP atrophy was seen most frequently in PSP
followed by MSA-P groups ( 12 [52%] and 9 [41 %] cases respectively). Only two
(9%) PD patients showed this finding and it was not detected in normal controls.
On group comparisons, SCP atrophy was significantly more common in PSP
group when compared to PD and controls. This finding was not significant, after
correction for age, duration of disease and disease severity. SCP atrophy and
hyperintensity on MRI have been proposed as typical of PSP. 81 ·85 ·86 Visual
assessment of atrophy of the SCP, has been shown to differentiate PSP patients
from controls and patients with other parkinsonian disorders, including MSA and
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Parkinson's disease. 81 ·85 However, SCP atrophy has also been reported in MSA
although rare. 81
SCP hyperintensity was noted in the current series, on both T2W and
FLAIR images in all groups, most frequently in the PSP group. Additionally, SCP
hyperintensity in the PSP group was observed more frequently in FLAIR
sequences than T2W images. However, there were no significant differences
among the groups. Previous reports have shown that some of the patients with
PSP may have increased signal changes in the SCP on FLAIR images, which
was absent in PO and MSA. 86 Kataoka et al., 86 noted increased FLAIR signals
within the SCP in three out of 12 clinically probable PSP. None of the subject
with PO or MSA-P had signal changes of the SCP. There authors also suggested
that the signal changes in the SCP on FLAIR may differentiate PSP from other
parkinsonian diseases. 86 The pathological basis for this finding is considered as
gliosis and demyelination of the SCP in PSP.
In our study, we found that MCP hyperintensity was more frequent in
MSA-P when compared to PO and PSP. Three controls in our study also had
MCP hyperintensity. The presence of MCP hyperintensity had 100% specificity
for differentiating MSA-P from both PO and PSP, however sensitivity was low
41%. Results of our study are comparable to previous observations. 63 ·71 Although
MCP hyperintensity in MSA compared to PO and healthy controls, has been
shown to have a high specificity, it has very low sensitivity, especially in early
stage. 63 ·71 ·91 Lee et al., 71 found 100% specificity for MCP hyperintensity on T2W
spin-echo images in favour of MSA (both MSA-C and MSA-P) over PO, but the
sensitivity for MSA-P was poor (22%), compared to MSA-C (85.2%). In addition,
three controls also showed MCP hyperintensity in the study of Lee et al. 71 Even
though high specificity has been demonstrated for MCP signal changes for
differentiating MSA from PO, this finding is not peculiar for MSA In fact, bilateral
MCP hyperintensity has been observed in a number of other conditions, including
metabolic diseases such as Wilson disease and alcoholic liver cirrhosis,
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inflammatory and demyelinating diseases such as multiple sclerosis and acute
disseminated encephalomyelitis, cerebrovascular diseases and neoplasms, in
addition to other neurodegenerative diseases like spinocerebellar ataxia (SCA),
especially type 2, 3 and 6. 143 Even, cruciform hyperintensity in the pons has been
described in SCA 2, 3 and 6, making further difficult to differentiate on the basis
of MRI alone. 143 In another series, mild FLAIR MCP hyperintensity was seen in
approximately 14%

individuals referred

for MR imaging to exclude a

retrocochlear cause for tinnitus or hearing loss. 144 The authors suggested that
mild MCP hyperintensity on FLAIR images can be a normal finding in all age
groups and should not be interpreted in isolation as being pathologic, since this
might reflect a relative variation of myelin attenuation within the normal
population .144 Therefore we recommend that MCP hyperintensity should be
interpreted in combination with other MR imaging abnormalities and the clinical
features before diagnosing MSA.
Atrophy of the MCP was also seen most commonly in patients with MSAP, in our study. Few of the PSP cases (6, 26%) and one case in control group
also had MCP atrophy, but it was mild compared to MSA-P patients. None of the
patients in PD group had this finding. MCP atrophy was significantly more
frequent finding in MSA-P compared to PD. Similar to MCP hyperintensity, it had
high specificity ( 100%) but sensitivity was low (50%). There were no significant
differences in the frequency of MCP atrophy between MSA-P and PSP.
Another important cMRI finding in patients with MSA-P is the presence of
pontine

atrophy

and

signal

changes. 60 •62

Both

pontine

atrophy

and

hyperintensities were significantly more frequent in MSA-P group when
compared to PD and healthy controls. This did not reach statistically significance,
after correction for the age, duration of disease and disease severity. Relative
young age, shorter duration and less severity of the disease in our patients when
compared to previous series may explain difference from earlier reports and high
light the importance of these factors in interpreting this sign.
108

COMPARISON OF DTI (ADC & FA) FINDINGS OF SUBJECT GROUPS:

We found significantly elevated rADC in globus pallidus in patients with
PSP and MSA-P when compared to PD. There was no significant difference
between PSP and MSA-P groups in our study, similar to the findings by previous
authors. 94 ·101
Of all the DTI studies in patients with PSP, 92-94 ·101 •107-109 few have
assessed pallidal diffusivity measures in patients with PSP. 93 ·94 ·101 •109 Seppi et al.,
94

found that pallidal rADCs was significantly increased in patients with PSP (n

10) compared to PO (n

=

= 13) group, but not to MSA-P (n = 12). Nicoletti et al., 101

also demonstrated significantly elevated pallidal rADC in patients with PSP (n =
16) when compared to patients with PO (n = 16). There was no significant
difference between PSP and MSA-P (n = 16) patients. Although patients in the
study by Seppi et al., 94 were matched for age and duration of the disease, there
was significant difference between PSP and PO patients with respect to severity
of the disease (more severe in PSP group). In the study by Nicoletti et al., 101
there were significant differences between the groups in age at MRI, disease
duration and severity, this was not corrected during analysis. In our study, this
finding remained significant even after the adjustment for the age at MRI,
duration of illness and disease severity further highlighting its significance.
Furthermore, though PSP patients in the aforementioned series, 94 ·101 fulfilled the
prescribed diagnostic criteria, 18 authors have not clarified the phenotype of the
PSP patients. In PSP, even though midbrain and pontine tegmentum are often
atrophic macroscopically, the globus palllidus is the most commonly affected part
of basal ganglia. 14·22 Pathologically, PSP is considered to be one of the
tauopathies due to the presence of abnormally phosphorylated tau-protein in
neurons and glia in subcortical and cortical structures. Of these regions, the
globus pallidus (GP), substantia nigra (SN) and subthalamic nucleus (STN) are
consistently and most severely affected by tau pathology, in addition to neuronal
loss in these regions. 13- 15 In fact, the current diagnostic criteria for PSP, requires
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the presence of numerous NFTs in at least three of the following sites: pallidum,
SN, STN or pons and at least some tangles in three of striatum, oculomotor
nucleus, medulla or dentate. 14•18·32 It has also been shown that these changes
are more severe in classic Richardson's syndrome (RS) than progressive
supranuclear palsy-parkinsonism (PSP-P) or pure akinesia with gait freezing
(PAGF). 15 All the PSP patients in our series were Richardson's type of PSP
which has more severe pathology in pallidum. Failure of others to demonstrate
increased GP diffusivity in PSP when compared to PD may be due to difference
in the methods of acquisition of MRI and analysis of the images, 93 insufficient
statistical power109 or heterogeneity of pathology in PSP .109 In addition, we
performed receiver operating characteristic (ROC) analysis for ADC values and
based on these ROC data, we set cut off points for ADC values, with which
maximal discrimination was reached at the cut-off level that had the highest sum
of sensitivity and specificity. The optimal cut-off level (with an area under the
curve of 0.70) for pallidal rADCs was 0.756 X10- 3mm 2/s which gave a sensitivity
of 63.6%, specificity of 73.9%, positive and negative predictive values of 70%
and

68%

respectively for differentiating

PD

from

PSP.

Sensitivity for

discrimination for PD from MSA-P was similar (63.6% ), however the specificity
was slightly low (68.2%). In the current series, cMRI could detect bilateral pallidal
abnormality (hyperintensity) only in 7 (30%) PSP patients; on the other hand,
pallidal diffusivity was abnormal in 17 out of 23 (74%) PSP patients, suggesting
DTI is more sensitive in detecting abnormality at an early stage than cMRI.
In patients with MSA-P the most common and most pronounced
pathological involvement within the basal ganglia, occurs in the putamen. But
globus pallidus involvement is also seen in patients with MSA-P. 6 In our study,
elevated pallidal rADC in patients with MSA-P are in line with such pathological
changes in MSA-P. Though, the magnitude of this elevation was less than PSP,
Similar finding of elevated pallidal rADC in patients with MSA-P has been noted
in previous studies. 90
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In our series, the finding of significant elevation in pallidal rADC was not
associated with corresponding significant decrease in FA values. This is may be
explained by the fact that globus pallidus is a gray matter nucleus and FA
changes are difficult to interpret in this region. FA values are more sensitive for
changes in the white matter tracts like middle or superior cerebellar peduncles,
pons,

internal

capsule,

corpus

callosum

or

nigrostriatal

projections. 92 ·96 ·97 •103·107·111 -114 There are few studies, which assessed FA in gray
matter structures, including putamen, caudate, globus pallidus and substantia
nigra. 97 ·98 ·103 ·104 Only one study, by Vaillancourt et al., 98 found significant
reduction in FA in SN in patients with PO which could differentiate PO from
healthy controls with a specificity and sensitivity of 100% on 3.0 Tesla MRI. They
could not explain then exact mechanism of decreased FA in SN in PD. Other
studies did not find any significant difference in FA in various grey matter regions
among parkinsonian groups. No previous study have evaluated pallidal FA in
PSP patients. 92 ·96 •107 •112 We believe that increased rADC in GP in patients with
PSP and MSA-P when compared to PO, seen in the current study can be an
important MRI measure to help differentiating PO from PSP and MSA-P.
Overall, mean rADC value of superior cerebellar peduncle (SCP) was
elevated in PSP patients when compared to PO and the mean rADC of superior
colliculus and midbrain tegmentum were elevated in PSP when compared to
other groups (PO, MSA-P and controls). However, these differences were not
significant after adjustment for age at MRI, duration of illness and disease
severity. Recent DTI studies have focused on SCP in an attempt to differentiate
PSP from MSA-P and PD. Most studies shows elevated ADC and reduced FA in
SCP in PSP when compared to MSA, PO or healthy controls. 92 ·107-109 The higher
values of rADC in SCP of patients with PSP indicate in vivo microstructural
changes that likely correspond to the atrophy as detected in a previous
postmortem studies. 85
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In the current study, the mean FA values for the SCP were decreased in
patients with PSP when compared to those with PD. However, this finding was
not significant after the adjustment for age, duration of illness and disease
severity. Likewise, although the mean rADC value of SCP was elevated in PSP
when compared to PO, but this difference was not significant. Difference in the
demographic factors, in addition to the technical factors, may explain the
difference from other reports. Patients with PSP in the current study had
relatively shorter duration of illness (2.74 years versus 3.2-6.9 years) and milder
disease severity when compared to previous studies. 92 ·107-109 However, a study
by Paviour et al., 93 which included 19 PSP patients who were of comparable age
(61.52 versus 65.9 years), but had longer duration of the illness (2.74 versus 4.5
years) also could not to demonstrate significant abnormality in SCP in patients
with PSP when compared to other groups (PO, MSA-P and HC).
We found significantly elevated mean rADC accompanied by decreased
FA in MCP, in patients with MSA-P when compared to PD. In addition, mean
rADC in MCP and pons were significantly elevated in patients with MSA-P when
compared to controls. These findings correlate with MCP and pontine atrophy
and signal changes noted on cMRI. However, these DTI findings were not
significant after the adjustment for age, duration of illness and disease severity.
Previous studies have shown significantly increased diffusivity and decreased FA
in MCP and pons in patients with MSA (MSA-P and/or MSA-C) when compared
to healthy controls, PD or PSP. 92 •93 ·101 •103 •105-107·111 ·114 It is also crucial to note that
few authors Seppi et al., 94 Schocke et al., 2002, 91 200490 did not find any
significant differences in the rADC values of the pons in their studies which is in
contrasts from the significant differences observed in this ROI between PD and
MSA and MSA and PSP as shown by Blain et al., 92 and Paviour et al. 93
Additionally, Pellechia et al., 105 found significantly increased diffusivity in MCP
and cerebellar white matter in patients with MSA-C when compared to MSA-P
and healthy controls. However, they also did not find significant alterations in
diffusivity in these regions in MSA-P group, although the averaged Trace (D)
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values were slightly higher than in controls and in some patients the Trace (D)
values were above the highest value of controls,
The reason for the disparity in the findings in the current series when
compared to previous ones, can be explained because of three reasons, First,
the demographic differences in MSA patients in the current study. The MSA
patients in the current study were relative younger (54.55 years versus 63 to 69.3
years), 92 ·93 ·101 ·103 ·105 ·107·111 ·114 had shorter duration of the disease (2.74 years
versus 3.6 - 5.4 years)

92 ·93 ·101 ·105 ·107 ·111 ·114

stage 3.0 versus 3.5 - 4)

93 ·101 ·103 ·107

and milder disease severity (H& Y

when compared to previous reports.

Although direct comparison of the disease severity could not be done as different
scales were used in different studies. In addition some of these studies have also
shown that mean diffusivity and/or FA values may be affected by disease
duration 105·106 or severity, 92 ·93 ·111 based on significant correlation noted between
the clinical and imaging findings in these studies. So if these are not adjusted
differences are likely to be picked up as reported in earlier studies. Second, we
did not include any MSA-C cases in our study which can contribute to differences
in DTI of the MCP between our study and the earlier studies, since MSA-P cases
have lesser degree of infratentorial abnormalities. Lastly, few of the studies had
significant difference in current age, 101 ·105 duration of the disease
disease severity

92 ·93 ·101 ·114

93 ·101 •103

or

among the different groups within the study

population, these confounding factors were not corrected while analysing the
rADC or FA values, Thus demographic features (younger age, shorter duration
and less severe disease), phenotypic differences (MSA-P versus MSA-C) and
difference in the methodology of statistical analysis, all these factors explain why
DTI is not useful in younger patients with MSA-P and in milder stage of the
disease of shorter duration.
Our study has carefully adjusted for demographic factors especially the
age at the time of inclusion in the study and imaging, duration of the disease and
the disease severity, unlike previous studies that did not. In addition to these
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factors, there are many technical factors which may influence the ability of DTI to
discriminate patients with APDs from each other and from healthy individuals.
These factors include the field strength of the magnet, spatial resolution, slice
thickness, interslice gap, signal-to-noise ratio, contrast-to noise ratio, image
artefacts, and zones within the structures under study (like anterior versus
posterior putamen) where the ROis are drawn, and lastly difficulty in putting ROis
in atrophied structures. 93 •98 Most DTI studies used slice thickness of 1.5mm to
3mm with or without inter-slice gap for acquiring the images. 90-92 ·94-96 ·102- 105 ·111 ·114
Schocke et al., 90 ·91 and Seppi et al., 94 ·95 used 2mm thick slices without any
interslice gap in their OWl based studies, while Blain et al., 92 used 3 mm slice
thickness without any interslice gap in their OTI study. We acquired OTI images
with 5mm slice thickness and 1.5 mm interslice gap. 5mm slice thickness was
chosen in our study since we wanted to evaluate multiple regions both
supratentorially and infratentorially and thinner slice for multiple regions would
have prolonged the overall acquisition time. In our observation patients with
atypical parkinsonism, particularly PSP patients, tolerate the environment inside
the MRI gantry very poorly. In our multimodality MRI study, the acquisition time of
each modality was therefore an important consideration. AOC signal-to-noise
ratio is also better with thicker slices compared to that achieved with thinner
sections. However, the anatomical resolution suffered as a consequence
especially in the basal ganglia nuclei where the clear boundaries of basal ganglia
nuclei were not always easy to establish. Similar views regarding slice thickness
and results in OWl were expressed by Paviour and colleagues. 93 They calculated
the rAOCs in the MCP, caudal and rostral pons, midbrain, decussating fibers of
the SCP, thalamus, putamen, globus pallidus, caudate nucleus, corpus callosum,
frontal and parietal white matter, as well as in the centrum semiovale. With slice
thickness of 7 mm and slice gap of 2 mm they found significant differences in the
rAOC values of MCP and rostral pons between MSA-P and PSP and between
MSA-P and PO cases, but not for rAOC of any of the basal ganglia regions or
SCP.
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It is also important to make note of a few other inconsistencies in the
results of previous OWl studies as stressed above. Although Seppi et aL, 94 (also
Schocke et al., 2002 91 and 2004 90 negative for pons) could differentiate PO and
PSP by rAOCs of putamen, caudate and pallidum and PO from MSA by rAOCs of
putamen and caudate, they did not find any significant differences in the rAOC
values of the pons in their study which contrasts from the significant differences
observed in this ROI between PO and MSA and MSA and PSP as reported by
Blain et al., 92 and Paviour et al., 93 The authors 93 did observe the fact that
increased slice thickness can lead to loss of anatomical resolution and decrease
in T2 signal intensity in the putamen leading to difficulty in defining the clear
boundaries of the putamen. These factors may have affected the accurate
measurement of the diffusivity in putamen because of inadvertent inclusion of
surrounding structures like globus pallidus which has similar signal intensity in
this study. 93
Additionally, Seppi et al., 102 and Pellachia et al., 105 have demonstrated in
vivo, that there is difference in the topographic profile of putamina! degeneration
in MSA-P patients, as Trace(O) values were significantly higher in the posterior
when compared to the anterior putamen in the MSA-P group, suggesting that
posterior putamen is more affected in MSA-P. These findings support the
pathological changes described especially in the mild cases, in whom
involvement of the putamen is usually confined to its posterior two-thirds and
dorsolaterally. With increasing severity the pathlogical changes extend in a
dorsal to ventral and posterior to anterior direction. 145 As discussed earlier, MSAp patients in our study were younger, shorter duration of the disease and the
severity of the disease was mild as compared to the reported patients in various
OTI studies. 92 ·93 ·101 ·103 ·105 ·107 ·111 ·114 Therefore in all probability, most sever
pathological changes would have been present only in the posterior putamen
when compared to anterior, in our patients, and placemen of the ROI slightly
anterior may affect the accurate assessment of the putamina! diffusivity and the
final results.
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It also needs to be mentioned that in our study and experience, ROis were
difficult to place on the structures like putamen, SCP, superior colliculus
especially if these are severely atrophied. Furthermore, MRI also has its own
resolution limits, (a difference of more than two pixels, produces a large
variability in the ROI diameter) which become important in small or atrophied
regions. 92

COMPARISON OF SWI FINDINGS OF SUBJECT GROUPS:

An important outcome of this study was the ability of SWI to differentiate
PSP, from both MSA-P and PD.
We assessed hypointensity scores in putamen, substantia nigra, red
nucleus and dentate nucleus. Controls and PO groups had lower hypointensity
scores (0 or 1) for all the four regions and none had a score of 3 for any of the
analyzed regions. On the other hand, patients with MSA-P and PSP frequently
scored 2 or 3 in the analyzed regions. After the adjustment for age, duration of
illness and disease severity, hypointensity score for red nucleus in PSP was
higher when compared to MSA-P (p < 0.001) and PO (p < 0.001 ). Substantia
nigra hypointensity score was also higher in PSP compared to PO (p = 0.004).
There was a trend towards significance for denate and putamina! hypointensity
score being higher in PSP compared to PO (p

=0.031 and 0.014 respectively).

A recent study utilizing SWI MRI showed that the iron concentration was
significantly increased in the SN in PD. 117 Also, the brain-iron concentration in the
SN correlated with UPDRS motor score, indicating that iron concentration can
function as an in vivo biomarker to objectively evaluate the status of PD. 117
The observed differences in red nucleus, substantia nigra and putamen
among PO, PSP and MSA-P is supported by the involvement of these structures
in PSP by neuropathological studies. 32 Although red nucleus, substantia nigra
and dentate nucleus iron deposition may increase with aging, 39 ·146 old age of our
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PSP patients is not a complete explanation for the observed difference. There
were no significant differences between the mean age of PD patients and PSP
patients, and yet the PD group had significantly lower scores compared to PSP
group, in addition the difference in the SWI findings still exist even after
correction for age. Increased basal ganglia iron in PO, PSP, MSA-P and
Huntington's disease is believed to play a role in pathogenesis of these
disorders. 37 •116 Iron can facilitate decomposition of lipid peroxides and formation
of a variety of reactive oxygen species, including hydroxyl and superoxide
radicals and hydrogen peroxide, which can induce cellular damage. However
given the lack of pathological evidence for our red nucleus finding, it remains to
be seen at what stage of the disease the deposition occurs and whether other
minerals as copper and zinc also have a role to play in the increased red nucleus
hypointensity in PSP.
We also observed that with SWI the hypointensity of putamen was more in
PSP compared to PD providing another differentiating marker between the two
diseases. Although mean putamina! SWI hypointensity score was also higher in
MSA, it was not different from PSP or PD. SWI has not been used previously to
compare putamina! intensities of PD, MSA or PSP, but Kraft et al., 74 using T2*weighted gradient echo (GE), showed that hypointense putamina! signal changes
were more often observed in MSA than in PD using T2*- weighted GE but not
T2W images. There were no PSP cases in that study. The increased
hypointensity in PSP is explainable, since in PSP striatum is a site of pathology
in PSP

32 •33

while it is spared in PD?9

SWI is more sensitive than other modalities to image brain mineralization
(T2, R2 and T2* gradient echo, R2'). 122"127 It also overcomes the drawbacks of
T2, R2 and T2* which are affected by background sources of magnetic field
variation that cause signal loss unrelated to the internal iron content of the
tissue. 119•121 ·122 ·124·125 SWI can be performed on conventional MRI scanners and
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obviates the need for higher field strengths needed with other sequences to
detect brain mineral optimally. 122- 126

LIMITATION OF THE STUDY

As in previous studies all the patients in the current study were
categorised into different disease groups based on established diagnostic criteria
by an experienced movement disorder specialist. These diseases can only be
confirmed at autopsy.
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CONCLUSIONS
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Conclusions
1, Among all the advanced MRI modalities available to differentiate PO, PSP
and MSA-P, we have found a new place for SWI. The increased hypointensity
of the red nucleus seen in SWI of PSP cases differentiates PSP from MSA-P
and PO, while substantia nigra hypointensity score differentiates PSP from
PD.
2. Increased rADC in globus pallidus in patients with PSP and MSA-P when
compared to PO helps in differentiating the two conditions from PO
3. We also found elevated mean rADC accompanied by decreased mean FA in
MCP, in patients with MSA-P when compared to PO and increased mean
rADC in MCP and pons in MSA-P compared to controls. These DTI findings
were not significant after adjustment for age, duration of illness and disease
severity.
4. The mean FA in superior cerebellar peduncle in patients with PSP was
decreased when compared to PD. This finding was not significant after the
adjustment for age, duration of illness and disease severity.
5. In conventional MRI
a. Presence of midbrain atrophy with , midbrain tegmental hyperintensity
and third ventricle dilatation in patients with PSP, differentiates PSP
from PO and PSP from MSA-P.
b. MCP hyperintensity and atrophy were significantly more common in
MSA-P group when compared to PO, while MCP hyperintensity was
significantly more common in patients with MSA-P when compared to
PSP.
c. Putaminal intensity changes are not specific features of MSA-P, and
can be seen in patients with PO and PSP and in normal subjects also,
120

SUGGETED MRI PROTOCOL TO DIFFERENTIATE PARKINSON'S DISEASE,
PROGRESSIVE SUPRANUCLEAR PALSY and MULTIPLE SYSTEM
ATROPHY
We suggest the following MRI protocol for differential diagnosis of degenerative
parkinsonian disorders
1. PSP versus PD
a. Conventional MRI - Midbrain tegmental hyperintensity (T2W axial),
midbrain atrophy (T2 saggital),

anteropsterior diameter less than

13.75mm (FLASH 3D} and third ventricle dilatation (T1W axial) in
patients with PSP, which differentiates PSP from PD
b. SWI - Increased red nucleus and substantia nigra hypointensity in
patients with PSP
c. DTI - Increased regional ADC of globus pallidus in PSP
2. PSP versus MSA-P
a. Conventional MRI - Midbrain tegmental hyperintensity (T2W axial),
midbrain atrophy (T2 saggital),

anteropsterior diameter less than

13.75mm (FLASH 3D) and third ventricle dilatation (T1W axial) in
patients with PSP, which differentiates PSP from MSA-P. MCP atrophy
and hyperintensity differentiates MSA-P from PSP.
b. SWI - Increased red nucleus hypointensity in patients with PSP
c. DTI- None
3. MSA-P versus PD
a. Conventional MRI - MCP atrophy and hyperintensity differentiates
MSA-P from PSP
b. SWI- None
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c. DTI - Increased rADC in globus pallidus in MSA-P and probably
elevated mean rADC accompanied by decreased mean FA in MCP in
patients with MSA-P
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APPENDIX 1: CLINICAL PROTOCOL USED IN THIS STUDY
Name of patient
Age /sex of patient
Hospital number
Address I Phone number
Date of examination:
Note the:
1. Age at onset of first symptom
2. Duration of each symptom (years)
3. If symptom I sign present: mark as 1
If symptom I sign absent: mark as 0
A. PARKINSONISM:
A 1. Bradykinesia
A2. Tremor 1. rest
2. postural
3. action
A3. Rigidity 1.axial > appendicular
2. axial = appendicular
3. appendicular only
A4. Postural instability
A5. Early falls or tendency to fall within 1 year of onset
A6. Asymmetry
B. AUTONOMIC
81. Erectile dysfunction (males) or decreased genital sensation (females)
82. Urinary complaints:
1. Urinary incontinence
2. Incomplete evacuation
83. Syncope I OH
84. Prostate hyperplasia (males)
C. CEREBELLAR
C1.Gait ataxia
C2.Limb ataxia
C3. Cerebellar speech
D.COGNITIVE :
D1 .Memory decline
D2.Frontallobe symptoms
D3.Parietal lobe symptoms
E.BEHAVIORAL CHANGES:
E1. Apathy
E2. Depression
E3. Hallucinations I delusions
1) unrelated to medication
2) related to medication
F. DYSTONIA I DYSKINESIAS :
F1
1). Orofacial
2). Neck
3). Upper limb
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4). Lower limb
5). Truncal
F2. Related to LDopa
G. DYSPHAGIA
H. DYSARTRIA
I. PSEUDOBULBAR EFFECT
J. MYOCLONUS
K.CHOREOATHETOSIS
L.ALIEN LIMB
M. APRAXIAS
N.RESPONSE TO L-DOPA ( dose at least 750mgld L Dopa given for at least 2 months or less if
side effects appeared )
N1. Degree of responsiveness:
0-25%
Poor
26% - 50% Moderate
51%-75% Good
> 75%
Excellent
N2. Sustained (more than 5 years)
N3. Any motor fluctuations

0. FAMILY HISTORY OF SIMILAR DISORDER
P. FLUCTUATION IN ALERTNESS I COGNITION

EXAMINATION
A.BP
Supine
Standing
A1. Fall in BP>30115
A2. Fall in BP>2011 0

HEART RATE
Supine
Standing

B. HIGHER FUNCTIONS
B1. MMSE:
Orientation : Time : season I date I day I month I year
Place : hospital/ floor I city I state I country
Registration
Attention I Calculation
Recall
Naming
Repetition
3 step command
Writing
Written command
Copying
Speech
B2.Apraxias
B3.Emotional liability I incontinence ·
C1. UPDRS Ill SCORE (ON/OFF)
Speech
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Facial expression
Rest tremor
RUL/LUL
RLL I LLL
Action tremor

RUL/LUL

Rigidity

RUL/LUL
RLL I LLL

Finger taps
Hand movements
RAM
Leg agility
Arising from chair
Posture
Postural stability
Gait
Body bradykinesia

R/L
RIL
RIL
RIL

C2. H.Y. Staging
C3. Symmetric parkinsonism
D. CRANIAL NERVES
01 1). Severe upgaze restriction
2). Any downgaze restriction
02. Abnormal saccades:
L. Latency
1) Horizontal
2) Vertical
Abnormal Pursuits
Horizontal
Vertical
03. Nystagmus
04. Abnormal convergence
D5.Eyelid apraxia
D6.Biepharospasm
07. Any other cranial nerve deficiets
1). 5/7/8 deficits
2). Abnormal gag reflex I 9 and 10 deficits
3). Any abnormality in tongue
E. MOTOR:
E1. Myoclonus
E2. Choreoathetosis
E3. Dystonia/ Dyskinesias:
1). Orofacial
2). Neck
3). Upper limb
4 ). Lower limb
5). Truncal
E4. Normal power

Upper limbs

S. Speed

A. Amplitude

Lower limbs

F. DTR
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F1. 1+/2+/3+/4+
F2. Extensor plantar

Right

Left

G. SENSORY
G1 .Proprioceptive defects
G2. Decreased pain perception
G3. Cortical sensory defects
G4. Alien limb

H. CEREBELLAR
H1. Gait ataxia
H2. Limb ataxia
H3. Scanning speech

Current treatment
Any other medical illness

CLINICAL DIAGNOSIS
PSP
1) Age of onset >40 and progressive
2) Falls I tendency to fall within first year of symptom onset
3) Supranuclear vertical gaze palsy I slowing
MSA-P
1) Poorly L-Dopa responsive parkinsonism
2) OH ( 30/15mHg OR 20/10mmHg)
3) Urinary incontinence or incomplete evacuation
4) Erectile dysfunction or decreased genital sensation
5) Cerebellar features
6) Corticospinal tract dysfunction
IDIOPATHIC P.O.
1) Parkinsonism
2) No plus symptoms/signs
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APPENDIX 2: CLINICAL DIAGNOSTIC CRITERIA
PART I. CONSESUS CRITERIA FOR THE DIAGNOSES OF
MULTIPLE SYSTEM ATROPHY
A. Clinical Domains
Clinical domain

Features

Autonomic and
Orthostatic hypotension
Urinary dysfunction (by 20 mm Hg systolic or
10 mm Hg diastolic)
Urinary incontinence or
incomplete bladder emptying

Parkinsonism

Cerebellar
dysfunction

Bradykinesia
Rigidity
Postural instability
Tremor (resting, postural or both)

Gait ataxia
Ataxic dysarthria

Corticospinal
tract dysfunction

Criteria
Orthostatic fall in BP
(by 30 mm Hg systolic or
15 mmHg diastolic)
Urinary incontinence (persistent,
partial or total bladder emptying
and
by erectile dysfunction in men
or
both
Bradykinesia plus 1 of the 3
Rigidity
Postural instability
Tremor

Gait ataxia plus at least one
other feature:
Ataxic dysarthria

Limb ataxia

Limb ataxia

Sustained gazeevoked nystagmus

Sustained gazeevoked nystagmus

Extensor plantar
responses with
hyperreflexia

No defining features
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B. Diagnostic categories for MSA

Possible MSA-P: Criteria for parkinsonism plus two features from separate other
domains. A poor levodopa response qualifies as one feature (hence, only one
additional feature is required)
Possible MSA-C: Criteria for cerebellar dysfunction plus two features from separate
other domains
Probable MSA-P: Criteria for autonomic failure/ urinary dysfunction plus poorly
levodopa-responsive parkinsonism
Probable MSA-C: Criteria for autonomic failure/ urinary dysfunction plus cerebellar
dysfunction
Definite MSA: Pathologically confirmed by the presence of a high density of glial
cytoplasmic inclusions in association with a combination of degenerative changes in
the nigrostriatal and olivopontocerebellar pathways
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PART II. NINDS-SPSP CONSENSUS CRITERIA FOR CLINICAL DIAGNOSIS OF
PROGRESSIVE SUPRANUCLEAR PALSY CPSP)

..
,-

Probable PSP (Clinically Definite PSP)
1. Gradually progressive disorder, and
2. Onset at age 40 or later, and
3. Vertical supranuclear ophthalmoparesis (either moderate to severe upward or any
downward gaze abnormalities), and prominent postural instability with falls (or
tendency to falls) in the first year of symptom onset, and
4. No evidence of other diseases that could explain the foregoing features, as
indicated by mandatory exclusion criteria
Possible PSP (Clinically Probable PSP)
1. Gradually progressive disorder, and
2. Onset at age 40 or later, and either
3a. Vertical supranuclear ophthalmoparesis (either moderate to severe upward or any
downward gaze abnormalities), or
3b. Slowing of vertical saccades and prominent postural instability with falls (or
tendency to falls) in the first year of symptom onset, and
4. No evidence of other diseases that could explain the foregoing features, as
indicated by mandatory exclusion criteria.
Clinically Possible PSP

.... ·
'

To be defined
Definite PSP: Clinically probable or possible PSP and histologic evidence of typical
PSP
Mandatory exclusion criteria for both Clinically Definite PSP and Clinically
Probable PSP
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1. Recent history of encephalitis
2. Alien limb syndrome, cortical sensory deficits, focal frontal or temporoparietal
atrophy
3. Hallucinations or delusions unrelated to dopaminergic therapy
4. Cortical dementia of Alzheimer's type (severe amnesia and aphasia or agnosia,
according to NINCDS-ADRDA criteria)
5. Prominent, early cerebellar symptoms or prominent, early unexplained
dysautonomia (early prominent urinary incontinence, impotence or symptomatic
postural hypotension)
6. Severe, asymmetric parkinsonian signs (i.e. bradykinesia)
7. Neuroradiologic evidence of relevant structural abnormality (i.e. basal ganglia or
brainstem infarcts, lobar atrophy)
8. Whipple's disease, confirmed by polymerase chain reaction, if indicated

Supportive criteria for both Clinically Definite PSP and Clinically Probable PSP
1 Symmetric akinesia or rigidity, proximal more than distal
2. Abnormal neck posture, especially retrocollis
3. Poor or absent response of parkinsonism to levodopa therapy
4. Early dysphagia and dysarthria
5. Early onset of cognitive impairment including at least two of the following: apathy,
impairment in abstract thought, decreased verbal fluency, utilization or imitation
behavior, or frontal release signs
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PART Ill. CLINICAL CRITERIA FOR DIAGNOSING
PARKINSON'S DISEASE

1. Clinically possible IP: The presence of any one of the salient features: tremor,
rigidity, or bradykinesia. Impairment of postural reflexes is not included because it is
too nonspecific. The tremor must be of recent onset, but may be postural or resting.

2. Clinically probable IP: A combination of any two of the cardinal features: resting
tremor, rigidity, bradykinesia, or impaired postural reflexes. Alternatively, asymmetrical
resting tremor, asymmetrical rigidity, or asymmetrical bradykinesia are sufficient.

3. Clinically definite IP: Any combination of three of the features: resting tremor,
rigidity, bradykinesia, or impairment of postural reflexes. Alternatively sufficient are two
of these features, with one of the first three displaying asymmetry.
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APPENDIX 3: RADIOLOGICAL PROTOCOL USED IN THIS STUDY
Name of patient
Age /sex of patient
Hospital number
Date of MRI:
In conventional MRI: abnormal findings if absent mark as 0, if present mark as 1
In SWJ score intensity from 0-3

PART 1: CONVENTIONAL MRI

A. PUTAMEN

B. PALLIDUM
81 Hyperintensity

FLAIR axial

T2 axial

A 1.Lateral hyperintensity
R
(iso or hyper to cortex)
A2.Hypointensity
R
(iso or hypo to pallidum; esp posterolat)

R

C.SUPERIOR CEREBELLAR
PEDUNCLE
C1.Signal change

L

R

L

L

R

L

R

L

R

L

L

R

L

D.MIDBRAIN
D1.PAG hyperintensity
D2.Tegmental hyperintensity
E. RED NUCLEUS
E1.Hyperintensity

R

L

R

L

G. MIDDLE CEREBELLAR
PEDUNCLE
G1.Hyperintensity

R

L

R

L

H. INFERIOR OLIVE
H1.Hyperintensity

R

L

R

L

L

R

L

F. PONS
F1.Hyperintensity of pontine nuclei
& transverse pontine fibres

!.CEREBELLUM
11.Hyperintensity

R
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T2 SAGITTAL
D3.MIDBRAIN TEGMENTAL ATROPHY
(Upper profile is flat/concave esp. postr.)
F2. PONTINE ATROPHY
(compare to the midbrain and medulla; starts caudally)

3D-FLASH
D4. MIDBRAIN DIAMETER (mm)
T1 AXIAL
C2. SUPERIOR CEREBELLAR
PEDUNCLE ATROPHY

R

L

G2. MIDDLE CEREBELLAR
PEDUNCLE ATROPHY

R

L

!.CEREBELLUM
12.Hemispheric atrophy
13.Vermian atrophy

R

L

L.FRONTAL LOBE ATROPHY

R

L

M.TEMPORAL LOBE ATROPHY

R

L

J. DILATATION OF 3rd VENTRICLE
K. DILATATION OF 4th VENTRICLE

PART II: SWI
ROI/SWI score

0

1

2

3

Putamen
Substantia
Nigra
Dentate
Red Nucleus
--·
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PART Ill: DTI
,..-"

ROI

RIGHT

RIGHT

FA

ADC

LEFT
ADC

LEFT
FA

GLOBUS PALLIDUS
(10 pixels)
CAUDATE NUCLEUS
(15 pixels)
PUTAMEN
(20 pixels)
SUPERIOR
CEREBRELLAR
PEDUNCLE (5 pixels)
MIDDLE
CEREBRELLAR
PEDUNCLE (15
pixels)
SUPERIOR
COLLICULUS
(10 pixels)
MIDBRAIN
TEGMENTUM
(Red n + Subst. Nigra)
(50 pixels)
CEREBELLUM
(500 pixels)

ADC

FA

ROI

--

PONTINE BASE
( 150 pixels)
CORPUS CALLOSUM

I
--

GENU
(20 pixels)
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