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Abstract

A drug challenge test in Parkinson’s disease, such as the levodopa challenge test (LCT), is an easy and generally safe pro-
cedure, which has been used by clinicians for various indications. The results of the test have significant implications in the
management of patients, from preoperative evaluation for deep brain stimulation to providing the basis for medication adjust-
ments to address motor or non-motor fluctuations and dyskinesias. This paper reviews the different indications and protocols
commonly used in an acute LCT. Potential complications of the procedure and an overview of levodopa responsiveness and

unresponsiveness are also discussed.
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Introduction

A characteristic hallmark of Parkinson’s disease (PD) is its
excellent response to dopaminergic medications, most nota-
bly levodopa [1]. The immediate motor benefit that lasts
hours and which parallels the plasma levels of levodopa has
been referred to as the short-duration response (SDR). Alter-
natively, the long-duration response (LDR) is the sustained
motor improvement lasting days to weeks with repeated
levodopa administration [2]. Both types of responses con-
stitute the overall drug benefit; however, the extent to which
the SDR or LDR contributes to the motor improvement may
differ depending on the stage of the disease [2, 3]. Acute
drug challenge tests such as the levodopa challenge test
(LCT) have been used since the 1980s for various clinical
and experimental purposes. By pharmacologically stimulat-
ing central dopamine receptors, the effects of dopaminergic
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transmission can be clinically observed, reflecting the SDR
associated with levodopa intake.

Various medications have been used in acute dopamin-
ergic drug challenge tests in PD, including levodopa, sub-
cutaneous apomorphine, clozapine, biperiden, amantadine,
piribedil, bromocriptine, intravenous lisuride, and ester
prodrugs of levodopa [4]. The use of either levodopa or
apomorphine has their own advantages and disadvantages
but their effects are similar with regard to predicting chronic
levodopa response [5]. Levodopa is more commonly used
because it is cheaper and is more available and accessible
compared to apomorphine. There are also more adverse
effects observed in apomorphine challenge tests [5].

Published papers utilizing the LCT as part of their study
have applied different methods of performing the drug chal-
lenge test. Several papers have cited the protocol outlined
in the Core Assessment Program for Intracerebral Trans-
plantations (CAPIT) and the Core Assessment Program for
Surgical Interventional Therapies in Parkinson’s Disease
(CAPSIT-PD). These were based on the paper of Lindvall
et al., which used the LCT as part of a preoperative assess-
ment of patients undergoing fetal dopamine neuron grafting
[6-8]. Over the years, there have been innovations in the
LCT with the incorporation of different clinical and neu-
rophysiologic parameters. Defining levodopa responsive-
ness has also been debated since the conception of the LCT,
but recent studies have established some consensus in this
regard. An updated review is, therefore, needed to succinctly
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discuss the essential aspects of this clinically useful proce-
dure, such as its indications, the commonly used protocols,
as well as its potential complications. The pertinent topics
of levodopa responsiveness and unresponsiveness are also
included in this review.

Indications for LCT

The LCT has different clinical uses aside from its experi-
mental application in clinical trials to induce the effects
of dopaminergic stimulation (Table 1). The most frequent
indication of a LCT today is probably as an evaluation tool
to ensure that a patient is a suitable candidate for invasive
forms of treatment. Demonstration of levodopa respon-
siveness in an acute LCT has been considered an absolute
requirement in the screening process for deep brain stimula-
tion (DBS) [6]. This is also important to educate the patient
and their caregivers of the possible outcome of surgery and
the extent to which their symptoms will improve, i.e., to
establish realistic expectations from the surgery [9]. In gen-
eral, possibly apart from tremor, the symptoms that respond
to levodopa are also expected to improve with surgery [10].
Demonstration of levodopa responsiveness, which may be
best characterized through a drug challenge test, is also a
requirement prior to continuous intestinal infusion therapy
of levodopa/carbidopa [11, 12].

A LCT is also helpful in the re-evaluation of patients
when they have issues regarding medication response, such
as latency or onset of benefit, the magnitude of response,
and the duration of benefit [4]. There are patients with a
diagnosis of idiopathic PD who report having had a subop-
timal response with levodopa despite the clinician noticing
an improvement of their performance on rating scales [13].
The LCT is an excellent opportunity for both the clinician
to confirm medication responsiveness and for the patient to

Table 1 Indications and doses used in an acute levodopa challenge test

get a better picture of the extent to which parkinsonian motor
symptoms respond to levodopa. This can easily be done by
evaluating the specific subcomponents of the Movement
Disorder Society Unified Parkinson’s Disease Rating Scale
(MDS UPDRS) Part III, i.e., bradykinesia sub-component
score (sum of the scores for finger tapping, hand movements,
pronation—supination movements, toe tapping, and leg agil-
ity scores), rigidity sub-component score (sum of the scores
for rigidity of the neck and all four limbs), tremor sub-com-
ponent score (sum of the scores for rest tremor, constancy
of rest tremor, postural tremor, and kinetic tremor scores),
axial symptom sub-component score (sum of the scores for
arising from chair, posture, and postural instability), and
gait. Gait assessment may also be done by recording the
time it takes for the patient to walk a defined distance (e.g.
3 m or 12 m) [14]. Furthermore, a LCT may also be used
to further characterize the other effects of levodopa, such as
the nature and timing of dyskinesias, as well as non-motor
symptoms [4, 15-17]. However, end-of-day dyskinesias
(end-of-dose dyskinesias that are limited to the end of the
day) and rebound off-state phenomenon may not be reflected
in a routine LCT [4].

It has also long been debated whether a LCT can be used
in the diagnosis of PD. While levodopa responsiveness dem-
onstrated in a LCT can be used to support the diagnosis of
PD [4], a single acute LCT is not recommended to diag-
nose PD [18]. Foremost, some PD patients predominantly
have a long-duration response (LDR) to levodopa that is
not reflected in an acute LCT [2, 3]. Different proposed
mechanisms underly the LDR such as receptor sensitiza-
tion, alteration of post-synaptic cellular elements, and cen-
tral and peripheral pharmacokinetic properties of levodopa
[2]. If the patient has been receiving chronic levodopa
therapy, a LDR may mask the SDR in an acute challenge
test [19]. Other factors might also affect the response seen
in an acute LCT, such as an inappropriate LCT protocol

Purpose of LCT

Dose of levodopa used

Screening prior to invasive treatment, e.g., DBS or LCIG

120% of morning levodopa dose

Note: if repeated, higher doses at 150% and 200% of the morning dose may be
used, especially in patients with drug-resistant tremor

Re-evaluation of motor response

Diagnosis of PD among de novo patients and differentiation
from other forms of parkinsonism

Same as or 120% of morning levodopa dose

Most studies have used 250/25 mg of levodopa/decarboxylase inhibitor while
one study used escalating doses at 100, 150, 200, 300 mg of levodopa on

four consecutive days®

Characterization of dyskinesias

Clinical or experimental trials

Same as maintenance dose at the time LCT is done

Any dose, up to suprathreshold dose at 150% of the morning maintenance dose

DBS deep brain stimulation, LCIG levodopa—carbidopa intestinal gel

*Note that the authors do not favor the use of an acute challenge of a dopaminergic drug in the diagnosis of early untreated parkinsonism since
the information obtained can be misleading (and therefore potentially harmful to the patient), and there is little advantage of this approach over a

longer, slower escalating dose trial. See text for details
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and poor drug absorption. Acute side effects such as emesis
and hypotension may limit assessment of efficacy despite
efforts to avoid these (e.g., use of domperidone, additional
carbidopa). In contrast, some recent studies claim that LCT,
especially when combined with other objective parameters,
can be used to increase the sensitivity of diagnosing early
PD [14, 20, 21]. The accurate differentiation of PD from
other forms of parkinsonism remains an unmet need to date.
For example, this is important in conducting clinical trials,
where exclusion of other parkinsonian disorders is crucial.
In one study, LCT, combined with olfactory testing (Sniffin’
Sticks Test), had a 90% sensitivity in diagnosing PD among
patients presenting with parkinsonism [20]. This study was
conducted in a center where an acute LCT is routinely done
in all patients with a recent complaint of tremor or parkin-
sonism. Another recent study, which utilized data from the
DeNoPa cohort, showed that >33% levodopa responsiveness
on an acute LCT, combined with other clinical data (urinary
incontinence, fainting, asymmetric tremor, and amount of
further drug-intake), can be considered a reliable tool to
diagnose early de novo PD, with a sensitivity of 91% [14].
However, this was only based on a clinical diagnosis of PD
after a 2-year follow-up period.

In relation to the use of the LCT in diagnosing PD
patients in drug-naive patients is its potential utility in differ-
entiating PD from other forms of parkinsonism. The ability
to differentiate various causes of parkinsonism remains an
unmet need at present, given the lack of reliable biomarkers
to correctly diagnose these disorders. This has implications
not only for clinical trials of neuroprotective agents that need
to recruit patients in the early stages of the disease but also in
the selection of patients for DBS given the common experi-
ence that patients with atypical parkinsonism misdiagnosed
as PD generally have a suboptimal response to the surgery
[22]. Recommendations from clinical practice guidelines
differ; the 2006 American Academy of Neurology (AAN)
practice parameters stated that a LCT is probably useful in
this aspect [23], but both the 2013 European Federation of
Neurological Societies/Movement Disorder Society-Euro-
pean Section (EFNS/MDS-ES) and the 2017 National Insti-
tute for Health and Clinical Excellence (NICE) guidelines do
not recommend using drug challenge tests in differentiating
parkinsonian disorders [18, 24]. While an acute LCT may be
able to predict the chronic response to levodopa therapy [5],
a systematic review found no added benefit in performing
an acute LCT to predict chronic levodopa responsiveness
as a way of differentiating various forms of parkinsonism
[25]. All patients with parkinsonism will still be tried on
chronic levodopa therapy as a form of symptomatic treat-
ment, although the initial positive response in atypical
parkinsonism is usually not as marked and sustained as in
PD [26]. Relevant to this issue and the use of a LCT as a
method of diagnosing PD, chronic levodopa responsiveness

is not infrequently evident in the absence of a significant
levodopa response on an acute LCT in drug-naive patients.
Drug challenge tests in de novo PD patients generally have
a false-negative rate of 40% [4]. Furthermore, acute prob-
lematic side effects (e.g., orthostatic hypotension) may occur
on a LCT in patients with atypical parkinsonism more often
than in those with PD [27]. Interestingly, this study found
the difference in the frequency of side effects and tolerance
to a LCT as a reliable way to differentiate PD from atypical
parkinsonism, in contrast to an earlier study that did not find
a significant difference in LCT intolerance between patients
with PD and multiple system atrophy (MSA) [28].

Levodopa challenge protocol
Preparation and timing

Patients should withhold all dopaminergic medications for
a minimum of 12 h to allow for an appropriate washout of
levodopa and to induce a practically defined “off medication
state” [6]. Thus, most of the time, the LCT is done early in
the morning because it is easier to withdraw dopaminergic
medications overnight when the patient is not active. A long
washout period (15 days) is also necessary to minimize the
effect of LDR in the motor response observed in a LCT,
especially in patients on chronic levodopa therapy; this
assessment is exclusively used in selected research protocols
and is not part of the routine LCT [2, 19]. Occasionally, a
LCT is done at a specific time of the day when the symptoms
or the main concerns of the patient (e.g., dyskinesias) are
typically more pronounced. There are also certain instances
when the patient can be brought to the clinic for a LCT
without having to be off their PD medications, as long as
the objective of the test will not be compromised. For exam-
ple, in some patients, withholding morning medications will
result in a severe debilitating off state (including prolonged,
painful dystonia), making transport to the clinic challeng-
ing. In this situation, it may be sufficient to perform the LCT
after the benefit from the first medication dose has worn
off, especially if the purpose of the test is just for the char-
acterization of dopaminergic effects and dyskinesias. The
evaluators can, therefore, decide on the duration of the drug
withdrawal based on their clinical judgment while consider-
ing the patient’s ability to tolerate being off medications [6].
The LCT is probably best conducted in the fasting state [5],
but this is not necessary as long as there is at least a 45-min
interval between the procedure and the last meal (to optimize
gastric emptying and to avoid the interference of dietary
protein on the absorption of levodopa). Furthermore, the
levodopa tablets can be crushed and taken with 50-100 ml
of a carbonated beverage to hasten its absorption [4, 7].
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Domperidone, where available, may be given to patients
who complain of levodopa-induced nausea and orthos-
tatic hypotension, if the LCT is performed in drug naive
patients or if apomorphine is used as the challenge agent
[4]. The recommended dose is between 10 and 20 mg, given
30 min prior to levodopa administration [29]. Sometimes,
the patient has to be premedicated with domperidone for
2-3 days before the procedure, typically with 10-20 mg
thrice daily and rarely up to a dose of 100-120 mg per day
[4, 30]. More recent concerns about domperidone’s potential
effects on the QT interval now make it difficult to justify the
use of such high doses [31].

Dosing

The dose of levodopa used in an acute LCT depends on
the purpose of the test (Table 1). In the CAPSIT protocol
for DBS preoperative evaluation, the authors recommended
keeping the dose before and after surgery the same and using
the maintenance dose to define the dopaminergic respon-
siveness [6]. In many centers, including our own, a higher
dose of 120% of the patient’s morning levodopa dose is used
to compensate for other dopaminergic medications on hold
and to overcome problems of drug absorption. Occasion-
ally, the morning levodopa equivalent dose (LED) has to be
computed. A peripheral dopa decarboxylase inhibitor such
as carbidopa or benserazide, is always given together with
levodopa. Furthermore, if the purpose of the test is for a
re-evaluation of levodopa responsiveness, a higher dose of
120% may also be used for the same reasons. If the patient
reports a suboptimal response with the current dose, then an
additional + 20 to+ 50% of the morning dose may be used
to determine if there is a greater improvement of symp-
toms with higher doses. It is important to note, however,
that not all motor symptoms are levodopa responsive, and
some symptoms, such as tremor, may require considerably
higher doses of levodopa before a significant improvement
may be seen [4, 32]. One study proposed escalating doses
of levodopa at 100, 150, 200, 300 mg on four consecutive
days [33]. In this study, the authors stated that 150, 200, or
300 mg of levodopa could be used for the differential diag-
nosis of parkinsonism, and they also recommended 300 mg
as the dose to be used for preoperative screening. Generally,
a dose of 150% of the standard first morning levodopa dose
is considered the suprathreshold dose in most studies on
LCT, even in experimental studies where drug effects such
as dyskinesias are being evaluated [16, 34-36]. Finally, if
the objective of the LCT is the characterization of dyskine-
sias, the dose used in the LCT is typically the same as the
maintenance dose of levodopa. As in the other indications,
this is also an opportunity to educate the patients on how to
differentiate dyskinesias from other motor symptoms such
as tremor.

@ Springer

Periods of assessment

The duration of the LCT and the periods of assessment will
depend again on the purpose of the test, but generally, an
evaluation must be done in the “off state” (period A), dur-
ing the onset of levodopa effect (period B), at the peak of
levodopa effect (period C), and occasionally, as the effects
wane (period D) and at the end of the entire dosing interval
(period E) (Table 2). The latter two assessment periods are
particularly crucial if wearing off, duration of benefit, and
dyskinesias are an issue. The onset of levodopa effect is sub-
jectively reported by the patient; objectively, it is defined as
the time at which there is > 15% improvement in the motor
scores compared to the off state [37]. The onset of levodopa
effect is usually around 30 min after oral drug intake on an
empty stomach [38]. The peak of levodopa effect is also
subjectively reported by the patient as the best “on state” and
is thus variable, but most studies on LCT set this assessment
period at 60 min, knowing that the half-life of levodopa is
around 1.5 h when taken with carbidopa [38]. It is crucial for
both the patient and the evaluator to agree with the best “on
state” as this will be used in the calculation of the levodopa
responsiveness. In the postoperative evaluation of DBS, the
assessment of the peak benefit (period C) can further be
defined as two states: “medication on/stimulation off” and
“medication on/stimulation on.”

Since the results of the LCT often have an impact on the
management of the patient, it is highly recommended that
the assessment be done by experienced physicians or nurses.
One practical and standardized method of establishing the
consistency of assessment is for the evaluator to become
certified to conduct the MDS UPDRS [39] and Unified
Dyskinesia Rating Scale (UDysRS) [40], especially since
the rating scales used are subjective and rater dependent
(see https://www.movementdisorders.org/MDS/MDS-Ratin
g-Scales.htm for more information). If possible, all periods
of assessment in a LCT should be videotaped for later re-
evaluation. This is particularly important for patients under-
going surgical therapies since it can be very useful to be
able to assess the preoperative state in light of postoperative
issues. These include an apparent poor/suboptimal response
to DBS as well as in patients who can be shown to have had
a good response but who are dissatisfied in part because
they do not adequately recall their preoperative status for
comparison [22, 41].

Objective assessment parameters

Assessment of the motor symptoms is done using clini-
cally validated scales, such as the MDS UPDRS III [42].
A detailed evaluation of the subcomponents of the test, i.e.,
bradykinesia, rigidity, tremor, and axial symptoms, is rec-
ommended to identify the specific symptoms that respond
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Table 2 Sample of an acute levodopa challenge test (LCT) sheet
GENERAL INFORMATION
Name Date
Current PD Medications: Time of last levodopa intake
Breakfast taken
Morning levodopa equivalent dose
Dose of levodopa to be given
Consent for LCT O Yes O No Consent for videotape O Yes O No

PERIODS OF ASSESSMENT
Legend:

®

=)
®

Period A = off state

Period B = onset of effect
Period C= peak of benefit
Period D= wearing off state
Period E= end of dosing cycle

ASSESSMENT

Period A B C D E

Time

Blood pressure I I R
Scores Raw Score Raw Score % Change Raw Score % Change Raw Score %Change Raw Score

UPDRS Il Total Score

Bradykinesia Sub-score

Rigidity Sub-score

Tremor Sub-score

12 m walk time (sec)

Subjective % Improvement

Subjective Reports

Dyskinesias Observed

LEVODOPA RESPONSIVNESS

__ OFFUPDRS 111 Total Score—Peak ON UPDRS 111 Total Score

% LR ==

OFF UPDRS 111 Score

x100 =

Symptoms which improved

Pattern of dyskinesia noted

Plan

Performed by:

to levodopa. Other objective measures can be used, such
as finger tapping speed, counting taps between two fixed
points, 3 m or 12 m walk time, timed up and go test (TUG),

30-s step test as well as a variety of tests that can be used
in selected circumstances (mainly for research) including
heart rate variability through continuous ECG monitoring,
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olfactory testing, fiberoptic endoscopic evaluation of swal-
lowing (FEES), ultrasound strain elastography, speech and
voice analysis and orofacial strength [4, 16, 20, 36, 37,
43-47]. Levodopa-induced dyskinesias can be evaluated
using the UDysRS, but independent of the purpose of the
LCT, the presence and nature (body location, movement
disorder phenomenology) of dyskinesias should always be
noted in all assessment periods [40]. The blood pressure
should also be obtained in the “off state” (period A) and
at the peak of levodopa effect (period C), especially since
levodopa-induced orthostatic hypotension can be a compli-
cation of the procedure but may also be an explanation of the
patient’s complaints that are the reason for conducting the
LCT (e.g., mental fogginess, falls, neck and shoulder pain,
etc.). Moreover, non-motor symptoms can also be assessed
in a LCT using the Non-motor Symptoms Scale (NMSS)
[16, 17] or possibly an adaptation of the new Movement
Disorder Society Nonmotor Rating Scale [48]. In addition,
there are also scales for the specific non-motor symptoms
of interest: visual analog scale (VAS) for pain and fatigue,
Strait—Trait Anxiety (STAI) for anxiety, Neuropsychiatric
Inventory test 12-items for various psychiatric symptoms in
dementia patients, and the Geriatric Depression Scale (GDS)
for depression [16].

Subjective assessment

At each period of assessment, the patient’s insight about
his/her symptoms must also be asked. Not only is the LCT
important to determine the onset and peak of levodopa
benefit, it is also a venue to educate the patient about the
symptoms which can improve with levodopa, dyskinesias,
and signs of motor fluctuations. To date, there are no struc-
tured patient questionnaires for this subjective assessment.
In one recent study that compared the association between
patients’ reported subjective improvement (in percentage)
and the objective measures used by clinicians in a LCT,
the authors simply asked the percentage of improvement in
their motor disability compared to the “off state” [13]. There
was a good correlation between the reported improvement
and the calculated levodopa responsiveness. In the same
study, the presence of peak-dose dyskinesias and the axial
symptom sub-component scores led to an underestimation
of the perceived motor improvement [13]. Adequate patient
education about dyskinesias and levodopa responsive motor
symptoms can correct this underestimation.

Defining levodopa responsiveness
An acute LCT only reflects the SDR, which is the motoric

improvement that comes with the rise of the plasma lev-
els of levodopa [2]. The magnitude of improvement in the
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MDS UPDRS 1III score from the “off state” (period A)
to the peak of levodopa effect (period C) is expressed in

terms of % Levodopa Responsiveness (%LR), calculated as
R — _OFF"MDS UPDRS il score ~PEAK "ON" MDS UPDRS Il score o 1)y

_ "OFF"MDS$ UPDRS Il score . O
In the preoperative evaluation of patients, %LR is a criti-

cal value that can mean the difference between proceeding
with surgery or not. It is not surprising, therefore, that the
cut-off value for %LR has been debated for many years.
The cut-off value for %LR actually depends on its ability
to predict chronic levodopa responsiveness. This was previ-
ously important when LCT was commonly used in de novo
patients with parkinsonism to differentiate PD from atypical
parkinsonian syndromes [5]. Previously, a significant %LR
was arbitrarily set at 30% based on the supposition that pla-
cebo effects occur in one-third of patients [42], although it
is unclear why a 30% placebo response rate was equated
with a 30% improvement in UPDRS III. The CAPIT and
CAPSIT-PD preoperative protocols have also arbitrarily set
a minimum of 33% improvement in the UPDRS III score in
the LCT [6, 7]. This cut-off value has been validated by two
earlier studies based on its ability to predict chronic levo-
dopa responsiveness [5, 42]. The CAPIT protocol used the
UPDRS 111, and the cut-off value was set at 30% to achieve
an acceptable sensitivity, specificity, and positive predictive
value of 70.9%, 81.4%, and 88.6%, respectively [5]. This
was validated by a later study that used the MDS UPDRS
III, and the cut-off value was set at 24% to attain the same
degree of sensitivity and specificity [42]. A recent study in
de novo PD patients showed that a %LR of 33% is an optimal
cut-off that provides a modestly high sensitivity and speci-
ficity of 70%, with a positive predictive value of 92.3% and
a negative predictive value of 32.1% for chronic levodopa
response, confirming the value set in older validation studies
[14]. Moreover, the onset (or latency) of levodopa response
has been defined as the time when there is at least a 15%
improvement in the motor scores compared to the “off state”
[37]. Other objective clinical measures, such as a tapping
test and a walk test, have lower cut-offs of 15% and 25%,
respectively [37]. When the LCT is just performed to char-
acterize dyskinesias, the %LR (using the total motor scores)
is still calculated to help determine the phase at which the
dyskinesias appear, i.e., whether the dyskinesias occur at
the onset (i.e., “beginning-of-dose” dyskinesias), at the peak
(i.e., “peak-dose” dyskinesias), or towards the end of the
dosing interval (i.e., “end-of-dose” dyskinesias), or diphasic
dyskinesias.

Dopaminergic responsiveness may differ depending on
the stage of PD, with the LDR having a more significant
role early in the disease and the SDR being the predomi-
nant response in late-stage PD [49]. Since the conventional
levodopa responsiveness is expressed as %LR, a change in
the UPDRS III score from 75 to 50 is seemingly similar to
a change from 45 to 30, both representing a 33% benefit.
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Clearly, the first scenario reflects a worse motor state given
the higher score in the “off state”, which is usually seen in
late-stage PD.

As indicated above, in addition to the motor assessment,
another very important aspect of drug challenge tests is the
assessment of non-motor symptoms (NMS) in PD. This
has been investigated in two recent studies, which included
patients with late-stage PD [16, 17]. Both studies showed
that NMS could also be objectively assessed in a LCT using
scales such as the NMSS and STAI, among others, but the
degree of levodopa responsiveness of NMS is less in late-
stage PD, especially in patients demonstrating little improve-
ment in their motor symptoms [16, 17]. Levodopa-induced
orthostatic hypotension and sleepiness are also common in
late-stage PD [16].

Levodopa unresponsiveness in an acute LCT

If the patient does not meet the cut-off value for a signifi-
cant %LR, the LCT can be repeated twice according to the
CAPIT protocol [7]. Here, repeat LCTs were spaced 1 week
apart, with the same washout period and performed at the
same time of the day, at an escalating dose of 150% and
200% of the normal levodopa dose before the patients were
deemed ineligible for neural transplantation [7]. This was,
however, not recommended as part of the CAPSIT-PD pro-
tocol for the preoperative evaluation of patients for DBS or
pallidotomy [6]. If patients do not meet the significant cut-
off for %LR defined in the CAPSIT protocol, DBS can still
be considered in cases of severe dyskinesia, on/off motor
fluctuations (which cannot be adequately assessed in an
acute LCT) and in those with medication-refractory tremor
[41].

There are several reasons why a PD patient does not show
levodopa responsiveness in a LCT. Some of the motor fea-
tures of PD are known to be relatively unresponsive (or less
responsive than others) to levodopa, such as axial symptoms,
postural instability, gait, and occasionally tremors [32].
Thus, PD patients with the postural instability—gait difficulty
(PIGD) subtype and those with poorly levodopa responsive
tremors may have a lower %LR. Poor drug absorption is also
another reason for levodopa unresponsiveness [50]. Moreo-
ver, drug-naive patients with early PD may not meet the
cut-off of the %LR in an acute LCT [4]. The LCT, which
best reflects the SDR to levodopa, may not acutely improve
the motor symptoms in patients with a predominant LDR to
the drug, such as in patients with early PD, especially in the
first year of therapy [2]. In de novo PD patients, the LDR
can be estimated through a subacute LCT as demonstrated
by Quattrone et al. [S1]. In the ELLDOPA study, the LDR
was estimated as the difference between the early morn-
ing “off state” total UPDRS score after a 2 week washout
period, although a longer washout period of 32 days was

also suggested [52]. In addition, patients with a presumed
LDR can also be tried on levodopa for at least 3—6 months
at a dose of at least 800—1200 mg per day to show levodopa
responsiveness [4].

Complications and side effects

The acute LCT is generally a safe procedure that can be
performed in an outpatient or inpatient setting. Unless an
adverse event occurred during the procedure, there is no
need to monitor the patient after the test. There have been no
serious adverse events reported related to withholding dopa-
minergic medications for 12 h, likely because of the long-
duration response (LDR) with levodopa, which can last for
a few days to weeks [2]. Patients must be apprised, however,
regarding the “off state”, which may be severe and disabling
for some. Off-period dystonia may be a consequence of with-
holding the morning dose of medications. Clinicians must
also be aware that abrupt discontinuation of dopaminergic
medications is a known trigger of neuroleptic-malignant-like
(NMS-like) events in PD [53], but to our knowledge, this
has not been reported to have occurred in the setting of a
LCT. The risk of NMS-like events is probably low because
of the brief duration of the drug withdrawal and the rela-
tively stable condition of the patients when performing a
drug challenge test (i.e., without intercurrent infection, etc.).
Nausea, vomiting, hypotension, and profuse perspiration can
be observed in a LCT, even among patients who were pre-
medicated with domperidone [28]. In a study comparing
the apomorphine challenge test with the LCT, levodopa was
found to be better tolerated, with less frequent and milder
occurrences of nausea and vomiting [54]. In one recent
study concentrating on the side effects of LCT, a total of 63
patients with parkinsonism (34 with drug-naive PD, 10 with
MSA, 12 with Progressive Supranuclear Palsy and 7 with
Corticobasal Degeneration) underwent LCT with 250 mg
of levodopa, and the most frequent side effects noted were
nausea (17.5%), sleepiness (11%), and dizziness (6%) [27].
There were no serious side effects, but there were more side
effects noted among patients with atypical parkinsonism
compared to those with PD. In two related studies where a
supramaximal dose of levodopa was given at 150% of the
morning levodopa equivalent dose, moderate drowsiness and
orthostatic hypotension were observed [16, 35]. It is prob-
ably important to note that the patients included in these
studies had late-stage PD, with a mean age of 78.8 years.
Many of these side effects are preventable by pretreatment
with domperidone, especially if the patient is known to have
them beforehand. In cases of severe hypotension, it might be
necessary to abort the routine LCT procedure and prioritize
the management of the hypotension.
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Conclusions

In summary, we have reviewed the different indications,
protocols, and safety of the LCT. Levodopa responsive-
ness, the primary endpoint of this drug challenge test, is
defined as the magnitude of improvement in the motor
score at the peak of levodopa effect compared to the “off
state.” Based on recent validation studies, a %LR of >33%,
using the MDS UPDRS III as the objective measure, can
be considered a sensitive and specific cut-off value in pre-
dicting chronic levodopa responsiveness. Coincidentally,
this is similar to the arbitrary cut-off value adapted by both
the CAPIT and CAPSIT-PD protocol. Nevertheless, DBS
candidates who do not meet the significant cut-off value
for %LR can still undergo surgery after considering other
aspects known to be responsive to surgery but that may
not be adequately assessed in an acute LCT. Finally, dys-
kinesias, non-motor symptoms, and other dopaminergic
effects can also be evaluated using the LCT. The LCT is an
important, clinically valuable, simple, and safe procedure
that can be used for various indications in the medical and
surgical management of PD.
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