Article abstract—In 58 patients with progressive supranuclear palsy (PSP}, 19 (32.8%) had CT, MRI, or autopsy evidence of a
multi-infarct (MI) state. The clinical findings in the infarct syndrome were similar to idiopathic PSP. Five MI-PSP patients had
had a stroke, four had focal dystonia, two had hemiparesis, and one had an intention tremor of recent onset. In contrast, only 5.9%
(12.9% of those with CT or MRI) of 426 Parkinson’s disease patients had evidence of strokes. One case of PSP studied

pathologically was attributed to cerebral amyloid angiopathy.

NEUROLOGY 1987;37:570-576

Progressive supranuclear palsy and a
multi-infarct state

Richard M. Dubinsky, MD, and Joseph Jankovic, MD

The combination of dementia, parkinsonism, and su-
pranuclear ophthalmoparesis defines progressive su-
pranuclear palsy (PSP).4 Multi-infarct (MI) dementia
and MI parkinsonism have been well characterized.5-1°
All the cardinal features of PSP may also be caused by
strokes; therefore, we studied the frequency of cere-
brovascular disease in PSP.

Patients and methods. We studied 58 consecutive
patients with PSP evaluated in the Movement Disorder
Clinic, Baylor College of Medicine. All had (1) onset
after age 40; (2) parkinsonian findings of bradykinesia,
postural instability, gait disorder, axial rigidity, and
minimal or no rest tremor; (3) pseudobulbar signs in-
cluding dysarthria, dysphagia, and a loss of emotional
control; and (4) marked vertical supranuclear gaze
palsy.!! Vertical ophthalmoparesis may be seen in other
parkinsonian disorders and may be lacking in patholog-
ically proven cases of PSP.’2¥ However, the clinical
diagnosis of PSP is difficult if there are no oculomotor
signs, and we required an ophthalmoplegia (an inability
to move eyes more than 15° from the horizontal) for the
diagnosis of PSP. The oculomotor findings were con-
firmed by a neuro-ophthalmologist and recorded on a
videotape. CT or MRI (0.35- to 0.5-tesla field strength)
was performed in all PSP patients.

Results. Nineteen (32.8%) PSP patients had either
clinical or radiographic findings consistent with cere-
brovascular disease (tables 1 and 2). In five patients,
there was history of stroke before the onset of PSP
symptoms. The two groups, 19 with MI-PSP and 39
with idiopathic PSP, were comparable with respect to
mean age and duration of symptoms (table 2).

CT was performed in 43 patients and MRI in 15.
Nineteen patients (10 with CT and 9 with MRI) had
imaging evidence of an MI state: small infarcts in the
periventricular region in 12, midbrain and brainstem

infarcts in 9, infarcts in the internal capsule and cen-

trum semiovale in 5, and basal ganglia infarcts in 4
(table 1, figure 1).

The PSP patients were compared with a control
group of 426 patients with Parkinson’s disease (PD).
The prevalence of stroke in the PD patients was only
5.9% (25 of 426) (p < 0.00001 by %?) (figure 2). Neuro-
imaging studies were performed in 192 PD patients: 184
had CT, 5 MR, and 3 both. Only 23 (12.0%) patients
had evidence of one or more strokes. MRI showed one or
more infarcts in only two patients and was normal in
six. Two additional patients had clinical evidence of
stroke (hemiparesis, homonymous inferior quadran-
tanopia), but they did not have CT or MRI. When these
patients were included, the prevalence of documented
cerebrovascular disease in the PD patients was 12.9%
{figure 2). The 2.5-fold higher frequency of cere-
brovascular disease in PSP than in this selected PD
group was significant (p < 0.001 by %2).

In the PD population, data on stroke risk factors
were available for 110 patients. Seventy patients
(63.6%) had at least one risk factor for stroke, such as
hypertension (diastolic BP over 90 mm Hg) in 52
(47.3%), prior stroke in 7, and atrial fibrillation in 2.
Other possible risk factors were myocardial infarction
or coronary artery bypass in six and artificial aortic
valve in one.

Sixty percent of all PSP patients had hypertension.
Of the idiopathic PSP patients, 10 of 16 (62.5%) had
risk factors for stroke; 7 (43.7%) had hypertension, 2
had coronary artery disease, 2 had diabetes mellitus,
and 1 each had atrial fibrillation and type IV
hyperlipidemia. In the MI-PSP group, 14 had hyperten-
sion (74%), 5 had a history of stroke, and 1 each had
atrial fibrillation and congestive heart failure.

The following patient is described because of unique
features. Unless otherwise stated, all laboratory studies
are normal. %
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Table 1. Clinical features of 19 patients with progressive supranuclear palsy and a multi-infarct state

Pt no./
age at onset/
sex/duration of Dementia score*/ Stroke risk
symptoms (yrs) Hoehn-Yahr staget factors CT or MRI findings
1/64/M/6 4/3 HTN, +FHzx, stroke (1) CT: Multiple infarcts, B IC, B CS, BS
2/54/F[7 2/3 HTN, stroke (1) MRI: Multiple periventricular lacunes and R
medulla
3/62/F/12 0/4 HTN, +FHx CT: Mild atrophy, R parietal periventricular, R
post. parietal cortex, L brachium pontis
4/65/M/8 2/4 HTN, a.Fib CT: Moderate atrophy, infarcts: R parietofrontal,
periventricular, and midbrain
5/62/M/10 2/3 HTN, strokes (3) CT: Infarcts: B BG
6/62/F/2 2/4 None "MRI: Infarcts, L cerebral peduncle and superior
colliculus periventricular multiple infarcts,
atrophy of inferior vermis
7/64/M/4 2/3 HTN, CHF, strokes (3) CT: Multiple BG and periventricular infarcts
8/74/F/4 1/3 HTN MRI: Moderate atrophy, infarcts: L thalamus and
multiple B subcortical
9/61/M/7 3/5 None CT: Infarcts: R parietal cortex and periventricular
10/61/M/7 3/3 HTN, DM, stroke (1) CT: moderate atrophy, infarcts: B periventricular,
LBG,LCS
11/606/M/3 2/4 HTN CT: Moderate atrophy, infarct L putamen
12/63/F/9 1/3 HTN CT: Infarcts: head of R CN, ant. R parietal cortex,
small falx meningioma
13/72/M/2 2/3 None CT: Moderate atrophy, infarct L head of caudate
nucleus
14/80/M/4 1/3 HTN, DM MRI; Mild atrophy, infarcts: B periventricular and
RIC.
15/74/F/4 0/3 HTN MRI: Mild atrophy, infarcts: B periventricular, L
temporal cortex, and L brachium pontis
16/77/M/2 0/5 None MRI: Infarcts: B periventricular, R occipital lobe,
and central pons
17/60/M/3 2/2 +ANA MRI: Infarcts: R extreme capsule, anterior
perforated substance, R periventricular area
18/71/M/4 2/3 HTN MRI: Infarcts: B periventricular and slight
periventricular edema
19/66/F/3 0/3 HTN MRE Infarcts: B periventricular
* Dementia score: 0—normal; 1-—~impaired cognition, eg, difficulty with arithmetic or abstraction, normal memory; 2—mild to moderate
impairment of cognition and memory, but preserved orientation; 3—severe impairment of cognition, memory, and orientation; 4—global
dementia (impairment in all functions).
t Hoehn-Yahr 0 to 5 stage.14 DM Diabetes mellitus. IC Internal capsule.
HTN Hypertension. +ANA Positive antinuclear antibodies. CN Candate nucleus.
+FHx Positive family history of stroke. R Right. CS Centrum semiovale.
a.Fib Atrial fibrillation. L Left. BS Brainstem.
CHF Congestive heart failure. B Bilateral. BG Basal ganglia.
Infarcts = abnormal density consistent with infarcts.

Case report. This 70-year-old hypertensive man first noted
forgetfulness, unsteadiness of gait, and blurred vision at age
64. He had had persistent horizontal diplopia for 2 years. His
mother died of stroke.

He had a severe global dementia (could not recall any of
three objects after 2 minutes) and a low-volume hypokinetic
dysarthria. There was moderate hypomimia, body bradykine-
sia, and axial rigidity. There was marked limitation of vertical

gaze to less than 15° from the horizontal, with skewed devia-
tion and internuclear ophthalmoplegia. The gaze palsy was
corrected by the oculocephalic maneuver. His gait was broad-
based and slow. Tendon reflexes were increased throughout,
but there was no clonus.

CT showed an area of decreased density in the midbrain,
internal capsule, basal ganglia, and centrum semiovale (figure
3, A and B). He improved transiently on treatment with the
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Table 2. PSP vs PD: multi-infarct state

Category N
PSP 58
Without MI* 39 (67.2%)
With MI¥ 19 (32.8%)
PD 426
Without MI 401 (94.1%)
With MIt 25 (5.9%)
PD no CT/MRI 234
Without M1 232 (99.1%)
With MI 2 (0.9%)
PD with CT/MRI 192
Without MI 169 (B8.1%)
With MI 23 (11.9%)

* Idiopathic PSP patients.

patients who had brain imaging studies.

M/F

1.64
1.60
1.71
1.83
1.92
1.36
1.86
1.87
1.00
1.74
1.89
118

+ PSP patients have 5.2-fold (p < 0.00001) increase in stroke compared with PD patients and 2.4-fold {p <t 0.001) increase when compared with only PD

1 Includes two patients with clinical evidence of stroke, but no neuroimaging studies.

Age at onset Duration
(yrs) (yrs)
Mean = SEM Mean + SEM
66.0 = 1.18 4.84 £ 0.36
66.8 + 1.46 428 = 0.44
659 + 1.56 531 = 0.67
59.7 =+ 1.54 7.64 + 0.25
59.6 £ 1.70 7.58 = 0.26
60.7 + 2.08 9.14 + 133
58.6 + 0.63 8.10 + 0.35
58.6 = 0.83 8.10 = 0.35
59.0 = 10.0 7.50 * 6.50
57.8 = 0.84 713 + 0.33
572 + 0.94 6.86 + 0.33
60.8 = 2.18 9.25 + 1.39

Figure 1. (A) MRI, patient no. 2, showing left frontal, right parieto-occipital, and frontal periventricular areas of high signal
intensity consistent with infarcts: (Pulsing sequence, TR = 2.0 seconds; spin echo, TE = 56 msec). (B) MRI, patient no. 14,
showing right internal capsule, right occipital, and bilateral periventricular with infarets. (TR = 2.0 seconds, TE = 28
msec). (C) MRI, patient no. 16, showing periventricular areas of high signal intensity (TR = 2.0 seconds, TE = 28 msec).

combination of Sinemet and bromocriptine, but he died after
an aspiration pneumonia.

At autopsy, the brain appeared to be slightly atrophic.
Gross sections revealed several lacunae from 0.5 to 1,0 cm in
diameter in the right centrum semiovale, substantia nigra,
diencephalon, and pons. Microscopic examination showed
infarcts associated with cerebral amyloid angiopathy (CAA)
(figure 4, A and B). There were no neurofibrillary tangles,
granulovacular degeneration, gliosis, neuronal cell loss, or
other pathologic features typically found in idiopathic PSP.13

Discussion. We found that PSP patients had a greater
frequency of cerebrovascular disease (MI-PSP) than a
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comparable population of PD patients (p < 0.001 by x2).
Nineteen of 58 PSP patients (32.8%) had evidence of
cortical, subcortical, or brainstem strokes, compared
with 25 of 426 PD patients (5.9%). Besides the cardinal
features of PSP, present in all patients, some also had
apraxia of eyelid opening (levator inhibition), blepharo-
spasm, horizontal gaze limitation, and internuclear
ophthalmoplegia.lt15-17

In the nine cases described by Steele et al,! there were
no clues as to etiology, and vascular pathology was not
noted. The typical findings included neuronal cell loss,
gliosis, neurofibrillary tangles, and granulovacuolar de-
generation in the pontomesencephalic tegmentum, tec-



tum, basal ganglia, vestibular nuclei, superior colliculi,
periaqueductal gray matter, and the dentate nuclei.!?
These pathologic findings were not seen in our autop-
sied patient, with an MI state, presumably due to CAA.
That case initiated the comparative study.

Strokes have not been reported in studies of PSP.
However, a case of clinically suspected MI state was
reported to have pathologically documented features of
PSP.'® Parkinsonism, sometimes spontaneously im-
proving, has been attributed to multiple strokes in the
basal ganglia.®®® Two of our patients with MI-PD did
not improve and remained the same. The progression
seen in most of our MI-PSP patients could have been

N=58 N=426

N=234

N=192
100}

8oF

Percent

PSP PD PD PD
No CT/MRI  With CT/MRI

. Without Muitl-Infarct State [] With Multi-Infarct State

Figure 2. Comparison of PSP and PD patients with and
without multi-infarct state.

due to the cumulative effects of recurring microinfarcts.
Delayed-onset progressive motor disorders have been
also attributed to axonal sprouting and other mecha-
nisms.’

In addition to parkinsonism itself, other components
of PSP (dementia,*? ophthalmoparesis,?*?¢ and dys-
tonia?®) have each been seen in patients with multiple
strokes. The unusual aspect of our cases was that all of
these components were present. Because the patients
had the clinical findings of PSP, they might have had
idiopathic PSP with a coincidental MI state. Small
infarcts do not always cause permanent clinical find-
ings; specifically, infarction of the basal ganglia does not
always result in parkinsonism.2® While clinically sim-
ilar, the 19 patients with MI-PSP may have had a
syndrome distinct from the more common idiopathic -
PSP. In addition to the radiographic evidence of MI
state and autopsy documentation in one case, some MI-
PSP patients had a history of stroke (patients 2, 5, 7, 10,
and 18), focal or segmental dystonia (patients 2, 5, 6,
and 15), hemiparesis (patients 5 and 10), and a uni-
lateral coarse intention tremor (patient 4).

Except for cerebral or brainstem atrophy, CT and
MRI in idiopathic PSP are usually normal,'%?728 and
they are not usually indicated in typical PD. Thus, the
12.9% prevalence of stroke in the PD patients who had
one of the neuroimaging studies is probably greater
than the expected prevalence in the general PD popula-
tion and may reflect a selection bias in favor of compli-
cated PD. Therefore, the sixfold (2.4-fold when only
patients with radiographic studies are compared) in-
crease in the frequency of stroke in the PSP population
over the PD group is probably an underestimation.

Figure 3. (A) CT through the midbrain of patient no. 1, showing an area of decreased density in the midbrain region. (B) CT
through a higher level, showing bilateral periventricular lucencies, along with infarcts bilaterally in the internal capsule.

April 1987 NEUROLOGY 37 5738



Figure 4. (A) Microscopic
section (H-E stain) from
the pontomesencephalic
Junction of patient no. 1
Just inferior and lateral to
the red nucleus. (B) Congo
red stain of an old infarct
in the pons showing
thickened blood vessels
with amyloid deposition.

In several community-based surveys of PD patients,
the prevalence for stroke has been lower than expected,
at 5.7 to 9%.223° These prevalence values are similar to
the 5.9% found in our PD population. Therefore, the
32.8% prevalence of cerebrovascular disease in the PSP
population is much greater than expected, and it proba-
bly reflects the high frequency of hypertension (60%),
greater body weight, older age at onset, and other stroke
risk factors.?
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One possible criticism of our study is that the peri-
ventricular prolonged T2 lesions, seen in 12 (63.2%) of
our patients with PSP, could be considered “normal” in
an elderly population. Such lesions have been reported
in up to 30% of patients over the age of 60.3233 While
pathologic correlation is lacking, these lesions probably
are not “normal” and are associated with high incidence
of hypertension, transient ischemic attacks, and car-
diac disease.?? In one study, 78.5% of 151 adults older



than 50 years with periventricular high-signal intensity
lesions had cerebrovascular risk factors, whereas only
7.8% without such risk factors had this MRI pattern.>
While periventricular hyperintensity on spin-echo
MRI is a common finding,3® this is different from the
patchy periventricular changes seen in the MI-PSP
patients. Furthermore, only two of our patients (18 and
19) had such a periventricular change as the only MRI
finding; all other patients had one or more focal areas of
abnormal signal intensity. The abnormalities shown by
both CT and MRI correspond to vascular lesions de-
scribed in postmortem studies of MI states.?®

Dementia, gait disturbance, ataxia, and parkin-
sonism have been seen in patients with the subcortical
arteriosclerotic encephalopathy (Binswanger’s dis-
ease); however, the syndrome of PSP has not been
described with this condition.3"3® CAA also has not
been reported in patients with PSP. However, because
CAA causes multiple small arteriolar infarcts and hem-
orrhages throughout the brainstem, basal ganglia, sub-
cortical areas, and the cortex,*® it is not surprising for
this pathologic condition to cause the clinical syndrome
of PSP.

We hypothesize that, in some patients with the clini-
cal findings of PSP, subcortical hypoperfusion and
frontal hypometabolism result in a loss of dopamine
receptors in the striatum, nucleus accumbens, and the
substantia nigra. Such receptor changes have been re-
cently documented by in vivo positron tomography and
by postmortem ligand binding studies in patients with
PSP_41—45

While clinically similar to PSP, the MI-PSP may be
differentiated by prior strokes, the presence of focal
dystonia, hemiparesis, and intention tremor. The
neuroimaging studies (CT, MRI) show a much higher
incidence of M1 in PSP than in PD. However, autopsies
will ultimately be needed to differentiate the MI-PSP
from the idiopathic PSP.
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