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Abstract: We herein report the case of a 84-year-old man with
a 4-year history of freezing of gait (FOG) consistent with the
diagnosis of primary progressive freezing gait. Single pho-
ton emission tomography (SPECT) with a radiolabeled li-
gand of the dopamine transporter (DAT-SPECT) showed
integrity of striatal dopaminergic terminals, whereas brain
perfusion SPECT disclosed multiple areas of decreased
perfusion in frontal and parietal lobes, as well as in the
subcortical gray nuclei of both sides. Treatment with the
new irreversible monoamine oxidase B inhibitor rasagiline
at standard doses resulted in a rapid, dramatic, and sus-
tained improvement of the frequency and duration of FOG
episodes. In addition, brain perfusion SPECT after treat-
ment showed a marked increase of the activity in all cortical
areas as well as in the basal ganglia and thalamus. Rasagi-
line may prove to be an effective and safe treatment for this
disabling condition. © 2007 Movement Disorder Society
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Freezing of gait (FOG) is a common symptom of
advanced Parkinson’s disease (PD) and may be the only
or the first symptom of a variety of parkinsonian syn-
dromes, such as progressive supranuclear palsy (PSP),
vascular parkinsonism, and normal pressure hydroceph-
alus.1 Primary progressive freezing gait (PPFG) refers to
a gait disorder, in which arrests of gait appear in isola-
tion, without other typical parkinsonian features such as
rigidity, bradykinesia, or tremor, and could not be attrib-
uted to other neurological conditions.2-6 This is a pro-
gressively incapacitating disorder that does not respond

or may even worsen with dopaminergic therapies, and no
definite treatment is yet available.6 We now report that
rasagiline, a new selective inhibitor of the monoamine
oxidase B (MAOB),7 provides sustained improvement in
a patient with PPFG.

CASE REPORT

A 84-year-old right-handed man, presented with a
4-year history of walking difficulties leading to fear of
falling and progressive restriction of outside activities.
The patient complained of gait blocking on walking, that
was more prominent when attempting to go through
doorways, crossing streets, or find obstacles on his way.
He was previously treated with several combinations of
dopaminergic drugs, including L-dopa, pramipexole,
ropinirole, entacapone, and selegiline at standard doses,
but the gait disorder continued to worsen to the point that
he needed assistance to walk and began to use a wheel-
chair to get outside. The patient and his wife reported no
problems with hand dexterity or difficulties to stand from
a chair or the bed and no difficulties to start walking,
even after prolonged periods of resting. There was no
history of significant systemic diseases.

At examination, the patient showed no signs of dementia
as judged by MMSE score of 28. He showed a mild stooped
posture and slow short-stepping gait and reduced swing of
both arms. There were marked and frequent blocks of gait
(Segment 1), which were more apparent on turns or trying
to pass through doors or in front of small obstacles placed
on the floor. Arrests of walk lasted seconds and were
accompanied by marked hesitation. The patient has no
apparent difficulties to start walking. The application of the
FOG questionnaire8 gave a score of 18 out of 24, indicating
severe disability. He showed no rigidity or tremor, and hand
and foot tapping while sitting were both normal. The pull
test revealed no impairment of postural reflexes. There were
no signs of pyramidal or cerebellar dysfunction or supranu-
clear gaze palsy.

Routine laboratory investigations were unremarkable.
MRI of the brain showed mild diffuse cortical atrophy.
Single-photon emission computed tomography (SPECT)
with 123I-Ioflupan (DAT-SPECT) before treatment
showed normal binding of the radiotracer in the striatum.
In contrast, perfusion SPECT of the brain using 99mTc-
ECD disclosed multiple large scattered perfusion defects
involving the frontal, parietal, and the right temporal
lobes, as well as a marked reduction of activity in the
basal ganglia and thalamus of both sides, but more prom-
inent on the right (Fig. 1A).

All dopaminergic agents were then removed with no
apparent changes in his clinical status. After a wash-out
period of 4 weeks, rasagiline 1 mg once a day was
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prescribed. During the following days the number and
duration of gait blocks were dramatically reduced, so he
was able to walk without assistance and regained outside
activities. Transient discontinuation of rasagiline resulted
in a rapid worsening of gait. After 14 months on rasagi-
line the patient was still fully ambulant with no need of
external aids, and scored 2 on the FOG questionnaire.
Brain perfusion SPECT 1 year after continuous treatment
with rasagiline demonstrated a marked improvement of
perfusion in all affected cortical areas and in the cere-
bellum (Fig. 1B). Perfusion defects of the subcortical
gray nuclei also improved, more in the left than in the
right side, where the thalamic region remained with poor
perfusion levels (Fig. 1B).

DISCUSSION

This patient has a FOG disorder that fulfils clinical
criteria for PPFG,5 a subtype of the so-called high level
gait disorders.9 In addition, we show that DAT-SPECT
before treatment was normal, indicating integrity of do-
paminergic terminals in the striatum. This suggests that
the gait disorder in this patient is not a symptom of an
underlying PD or other parkinsonian syndromes.10

Brain perfusion SPECT showed a complex pattern of
abnormalities, with asymmetrical reduction of cortical
perfusion in the lateral frontal and lateral parietal lobes,
and in the subcortical gray nuclei. After sustained clini-
cal improvement with rasagiline, all cortical areas re-
gained nearly normal perfusion levels, and perfusion of
subcortical gray nuclei also increased, but to a lesser
extent. Decreased perfusion of the basal ganglia should
be related to mechanisms other than degeneration of the
nigro-estriatal pathway preserved in this case as demon-
strated by DAT-SPECT.

Previous brain perfusion studies specifically address-
ing the pathological anatomy of the FOG phenomenon
have provided conflicting results.11-15 Based on these and
other studies, it has been speculated that a bilateral
dysfunction of the medial supplementary motor area may
underlie this phenomenon.11 Neuroimaging findings in
the present case add little support to this single-localiza-
tion hypothesis, and suggest that FOG may result from a
more widespread alteration of the striato-thalamic-corti-
cal circuit. Further studies on cases with PPFG may
contribute to the understanding of the pathophysiology
of this phenomenon.

The neurochemical bases of PPFG are also poorly
understood. Dopaminergic, noradrenergic, and cholin-
ergic systems have been implicated.11 The role played by
dopaminergic systems in this disorder seems to be minor,
since it responds poorly to current dopaminergic thera-
pies5 and DAT-SPECT was normal 4 years after the
onset of FOG in the patient reported here.

PPFG has no definitive treatment to date. Small open
studies and case reports have shown beneficial effects with
donepezil,13 methylphenidate,16 and selegiline.3,17 Botuli-
num toxin18 and deep brain stimulation19 have provided
variable results. On the other hand, double-blind placebo-
controlled studies have shown that MAOB inhibitors, sele-
giline, and rasagiline, have a moderate but significant effect
on FOG in patients with advanced PD.20-23

Besides a placebo effect, the mechanism by which
rasagiline and other selective MAOB inhibitors may
improve PPFG is not clear. Rasagiline and selegiline
have symptomatic as well as putative neuroprotective
effects.7 The rapid onset of the clinical effect in this and
other cases17 suggests a symptomatic rather than a pro-
tective effect.

It is currently held that the benefits of MAOB inhib-
itors on motor symptoms of PD are mediated by increas-
ing dopamine availability from endogenous and exoge-
nous sources, thus facilitating continuous dopaminergic
stimulation. In addition, MAOB inhibitors dramatically
increase phenylethylamine, a potent dopamine releaser.7

Other authors have suggested that the effects of selegi-

FIG. 1. 99mTc-ECD SPECT of the brain before (A) and after (B) 1
year of continuous treatment with rasagiline. Notice decreased activity
in frontal and parietal areas and temporal cortex before treatment and
almost normal activity in all cortical areas after treatment. The subcor-
tical gray nuclei displayed more reduced activity in the right than in the
left side. After treatment, the activity in the basal ganglia and thalamic
regions was increased in the left side, but the right thalamic region still
showed an almost complete absence of activity.
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line on FOG may also be mediated by its main active
metabolite methamphetamine.17 This is consistent with
the beneficial effect observed with other sympathomi-
metics, such as methylphenidate.16 Nevertheless, rasagi-
line does not metabolize to amphetamine derivatives,7,24

and other sympathomimetic drugs, such as the synthetic
norepinephrine precursor, L-threo-3,4-dihydroxyphenyl-
serine (L-threo-DOPS) has been found of limited and
transitory usefulness in reducing FOG in patients with
PD and pure akinesia.25

Other lines of evidence have suggested that FOG
may be related with disturbances of psychoaffective
functions often associated with parkinsonian syn-
dromes, such as depression, anxiety, panic,26 and
drive.13 In fact the DATATOP study and other clinical
studies showed that depression and anxiety were both
associated with an increased risk of FOG.20 In this
context, the beneficial effects of MAOB inhibitors
may be related to their potential effects on mood20,24

and perhaps drive.
Whatever the mechanisms involved, this and other re-

ports3,17 suggest that marketed MAOB inhibitors are prom-
ising alternatives for the treatment of PPFG. Nevertheless,
rasagiline has a better pharmacokinetic and pharmacody-
namic profile and fewer potential side-effects than high
dose-selegiline,24 and therefore it would represent a better
therapeutic option for these patients.

To our knowledge, this is the first documented case of
PPFG with long-lasting clinical and functional imaging
improvement with rasagiline. This encourages further
studies to demonstrate the efficacy of this drug in this
incapacitating disorder.

LEGENDS TO THE VIDEO

Segment 1. Patient before rasagiline treatment. Nu-
merous FOG episodes are present with marked hesitation
on turns.

Segment 2: Patient after continuous treatment with
rasagiline for 10 months. Notice complete absence of
FOG episodes.
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