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ABSTRACT: Background: The relationship between freezing of gait (FOG) and levodopa response is
complex. Some patients respond, some have no response and in some patients levodopa causes FOG. We
present 2 cases demonstrating a diphasic worsening of FOG after levodopa dosing.

Cases: Two PD patients with FOG were examined during the practically defined off state, the transition from

off to on (15 and 22 minutes postdose), and in the full on state (45 and 60 minutes postdose). FOG was
measured using Movement Disorder Society-Unified Parkinson’s Disease Rating Scale part lll, item 11: freezing
of gait. Both patients experienced worsening of FOG during the transition followed by improvement during the
on state. Case 1 had serum levodopa levels measured. Videos are provided.

Conclusions: To our knowledge, this diphasic pattern of worsening of FOG has not been previously
reported. The cause of this phenomenon is unknown but may relate to an inhibitory action of subthreshold

levels of levodopa.

The relationship between freezing of gait (FOG) and levodopa
response is complex. Clinical experience points to the exis-
tence of several responses: (1) FOG that appears only in the
off state and disappears in the on state (of~FFOG), (2) FOG that
is present in the off state and persists in the on state (onoff-
FOG), and (3) FOG present during the on state only and
absent in the off state (drug induced or on-FOG)."™ One
study reported, based on patient self-reports, that 62% of
FOG patients have of~FOG, 36% have onof-FOG, and 2%
have on-FOG." In this article, we present 2 cases demonstrat-
ing yet another level of complexity. The patients had onoff-
FOG, where the FOG clearly worsened during the transition
period from off to on and then improved when reaching the
full on state. This was reported by the patients themselves
indicating that they felt the levodopa was worsening their
FOG and observed by the examiner and supported by levo-

dopa levels in 1 case.

Case Series

Case 1

Case 1 was a 64-year-old woman with Parkinson’s disease
(PD) diagnosed 21 years earlier. Her first symptoms were a right-
hand tremor and a stooped posture. At 10 years after the diagno-
sis, she developed balance and gait problems. She noticed start
hesitation that would occur unpredictably but was responsive to
higher doses of levodopa. In the past 3 years, she noticed wors-
ening of FOG transitioning from of-FOG to the onoff type. She
would notice worsening of FOG within 10 minutes to half an
hour after taking carbidopa/levodopa/entacapone, and it would
last about 30 minutes. This worsening was so troublesome that
she would sometimes choose to skip doses just to avoid the FOG
episodes, but she would experience shuffling gait and leg tremor

instead. Despite lowering of the levodopa dose, she continued to
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have this period of worsening. During the following years she
tried numerous medication combinations with no success
(including selegiline, rasagiline, ropinirole, pramipexole, amanta-
dine, combined immediate release, and controlled release formu-
lations with entacapone).

The patient was evaluated in the clinic during the off state. Her
UPDRS motor score was 38 with no FOG seen. A dose of car-
bidopa/levodopa 25/100 1.5 tabs plus entacapone 200 mg was
given. Within 10 minutes she had notable FOG with gait initia-
tion and turning hesitation. Twenty minutes later, during the full
on state, she had a UPDRS motor score of 20 and no FOG.

Two months later, we performed a levodopa challenge test
including serum levodopa levels and examined her using the
MDS-UPDRS part III scale in the following 3 settings and
videotaped the laboratory exams: the hallway, in our motion
capture laboratory with a standard timed-up-and-go (TUG),
and with a cognitive TUG (performing calculations). She was
examined in the practically defined off state (>12 hours after
the last dose of levodopa). She was then given her standard
morning doses (carbidopa/levodopa 25/100 mg 1.5 tabs,
entacapone 200 mg, amantadine 50 mg, and pramipexole 0.5
mg). She was then examined 15 minutes postmedication and
then 45 minutes postdose when in full on state. Her MDS-
UPDRS-III scores (without item 11, FOG) were 44 during
the off state, 43 during the transition phase, and 27 during the
on state (Fig. 1). FOG was scored 0 to 4 using item 11, FOG,
of the MDS-UPDRS-III (0 = no freezing; 1 = slight, freezes
on starting, turning, or walking through doorway with a sin-
gle halt during any of these events but then continues
smoothly without freezing during straight walking; 2 = mild,
no. 1 with more than 1 halt during any of these activities;
3 = moderate, freezes once during straight walking; 4 = severe,
freezes multiple times during straight walking; Fig. 1). In the
off state she had no FOG (score 0) during the standard exam
in the hallway. In the laboratory, she had freezing when turn-
ing left on a standard TUG, scoring a 1 (Video S1, segment
1). During a cognitive TUG she scored 3. During the transi-
tion she scored a 2 on the standard exam in the hallway, she
scored 2 on the standard TUG (Video S1, segment 2), and
she scored 4 on the cognitive TUG. When in the full on state,
she had mild head and neck dyskinesia. In the full on state,
FOG scores during the hallway exam and standard TUG were
0 (Video S1, segment 3) and 1 with turning in the lab during
cognitive TUG (Fig. 1). The serum levodopa measures were
off 0.06 ng/mg protein, transition between off and on 14.78
ng/mg protein, and on 18.98 ng/mg protein (Fig. 1). Method-
ological details for levodopa testing are available in a previous
report.”

Case 2

This case was a 57-year-old man with a 5-year history of
PD. He presented with abnormal posture, loss of dexterity on his
left hand, and shuffling gait. He was initially treated with car-
bidopa/levodopa 25/250. Three years later, he developed dyski-
nesia of his legs and was referred to our clinic for consideration
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of deep brain stimulation therapy. At the time of his first evalua-
tion, he was on carbidopa/levodopa 25/250 mg, 1 tablet every
3.5 hours for 5 doses per day, and his physical exam demon-
strated FOG upon initiation of gait and with turning during the
off state. The dose of the levodopa was reduced, and amantadine
was added. He later experienced worsening of his FOG and bal-
ance resulting in the increased frequency of falls. He was then
evaluated in the practically defined off state (10 hours after the
last dose of levodopa) and then received a levodopa challenge.
During the off state his motor UPDRS score was 22, and he
demonstrated festination and FOG on initiation, turning, walk-
ing through doorways, and during straight walking (Video S2,
segment 1). He received 1 tablet of carbidopa/levodopa
25/250 mg plus carbidopa/levodopa-controlled release 25/100
and 200 mg of entacapone. Twenty-two minutes later (in the
transition from off to on), he developed severe and more frequent
FOG when compared with the off state in addition to mild dys-
kinesias in his legs and left upper extremity (Video S2, segment
2). One hour after he received the medication, in the full on
state, he had a significant improvement of his FOG only present
on starting and turning. His motor UPDRS score was 10, and
he had moderate facial and appendicular dyskinesias with mild
dystonic posture of his left hand (Video S2, segment 3).

Discussion

We describe 2 patients with PD who presented with FOG that
worsens in the transition from the off to on states before improv-
ing in the full on state. Both patients complained specifically of
worsening during transition from off to on, but not from on to off,
and the pattern seen with the levodopa challenge matched what
they described. We had serum levodopa levels in case 1 to dem-
onstrate she had not yet reached peak levels during the transition
state. We did not have serum levodopa levels for case 2, and
although the apparent worsening in the transition could be con-
strued as more general FOG variability, the pattern was very sim-
ilar to that seen in case 1 and to the complaint of transition
worsening. Both patients experienced freezing during the off and
on states, with significant worsening during the transition phase
and notable improvement approximately 45 to 60 minutes after
receiving a therapeutic dose of levodopa. This pattern seems sim-
ilar to that observed in patients with diphasic dyskinesia.®

We note that all authors concurred that comparisons of
changes in FOG observed in the videos with changes in the
MDS-UPDRS-III item 11 scores gave the impression that the
MDS-UPDRS-III scores were underrepresentative. More precise
quantitative measures of FOG severity could potentially
alleviate this.

FOG was recognized before the levodopa era, although the
frequency seems to have increased since that time,” suggesting a
role of levodopa in the pathophysiology. Different subtypes of
FOG have been described based on its phenomenology and
responsiveness to levodopa.” Its pathophysiology, though,
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FIG. 1. Case 1. The top (pink line) graph depicts levodopa levels during the off, transition, and on states. The center (green lines) depicts
the MDS-UPDRS item 11 “freezing of gait” in 3 settings: hallway exam (dashed line), laboratory standard TUG test (dotted line), and
laboratory cognitive TUG test (solid line) in the off, transition, and on states. The bottom graph (black line) depicts the MDS-UPDRS part Il
exam score in the off, transition, and on states. MDS-UPDRS-IIl, Movement Disorder Society-Unified Parkinson’s Disease Rating Scale part

IIl; TUG, timed-up-and-go.

remains unclear. The existence of different subtypes suggests that
they probably have a different pathophysiology.

The reasons for a worsening of FOG in the transition period
are unclear. One possibility relates to an inhibitory action of sub-
threshold levels of levodopa.® Nutt and colleagues reported that
during 2-hour levodopa infusions, it was found that 5 patients
who received subthreshold infusions showed greater motor dete-
rioration than those receiving placebo. The cause is unclear, but
hypotheses include the inhibition of dopamine release via pre-
synaptic receptors or perhaps a supersensitivity to specific post-
synaptic receptors.” Nutt” speculated that this was an explanation
for off period dystonia. Another feature that worsens in transition
times is dyskinesia, so called “diphasic dyskinesia.” These are rare
and complex. They are more frequent in young patients and pre-
sent at the time of quick changes in levodopa levels, either when
they are rising or falling. They usually anatomically also impact
the lower body as the legs generally develop choreiform or bal-
listic movements and in some cases fixed dystonia.'® The exact
pathophysiology of this specific type of dyskinesia is unknown,
and the fact that its management is different when compared
with other types of dyskinesias raises the concern for a different

etiology. For the diphasic FOG, we suspect that approaches that
shorten or eliminate transitions through continuous therapies
such as infusions of levodopa or the use of rapid-acting rescue
therapies such as subcutaneous apomorphine injections will be
helpful. These recommendations should be tested.

We propose to denominate the pattern of FOG described
here as “diphasic FOG,” which will increase awareness regarding
the potential different pathophysiology causing the various sub-
types of levodopa-responsive FOG and will help to properly
identify them. This will hopefully lead to appropriate and timely
interventions.
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Supporting Information

Supporting information may be found in the online version of
this article.

Video S1. Case 1 shown in 3 segments: segment 1 = gait in
the off state, segment 2 = gait in the transition from off to on
states, segment 3 = gait in the on state.

Video S2. Case 2 shown in 3 segments: segment 1 = gait in
the off state, segment 2 = gait in the transition from off to on
states, segment 3 = gait in the on state.
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