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Abnormal refractoriness in patients with
Parkinson's disease after brief withdrawal of
levodopa treatment

John Harrison, Leslie Henderson, Christopher Kennard

Abstract
Two pairwise matched groups of patients
with mild to moderate Parkinson's dis-
ease and a group of normal age matched
controls were used to investigate the
effects on simple and choice reaction
time (RT) ofbriefwithdrawal oflevodopa
therapy. Comparisons within and across

these groups disclosed a selective effect of
levodopa withdrawal. After about 12
hours of levodopa deprivation, patients
exhibited an exaggeration of normal
refractoriness, the well established ten-
dency for RT to increase progressively as

the delay between a response and the next
imperative signal is reduced below 05 s.

Increased refractoriness was at least as

great for simple as choice RT. Choice RT
on trials involving repetition (as opposed
to alternation) of the previous response,
however, showed no tendency towards
greater impairment by brevity of the
recovery period or by withdrawal ofmed-
ication, eliminating an effector based
account. With longer recovery periods,
RT was unaffected by medication;
indeed, unmedicated patients were as

fast as normal subjects under these con-

ditions. Even at the briefest delays, fully
medicated patients did not differ from
normal controls. The paper concludes
with a critical review of chronometric
studies of medication effects in
Parkinson's disease.
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As a behavioural measure of performance,
reaction time (RT) has the virtue of being
readily and objectively determined as well as

scaled in physical units. Moreover, a century
of intensive psychological investigation of RT
has led to the identification of a broad range

of task variables capable of exercising system-
atic effects on RT, together with a better
understanding of the cognitive and motor
processes that intervene between stimulus and
response.' 2 It might therefore be expected
that RT would constitute a useful tool for the
analysis of movement difficulties in
Parkinson's disease. Yet, neither the compari-
son of fully medicated patients with
Parkinson's disease with normal age matched
controls (see Jahanshahi et al3 for a review),

nor the manipulation of dopaminergic
replacement therapy within the patient popu-
lation (table 1) have yielded entirely consis-
tent RT effects.
A major focus of neuropsychological inter-

est has been the search for task-specific
impairments which might be informative
about underlying deficits. To this end, many
studies have compared classic simple RT
(SRT), in which a single stimulus is repeat-
edly used to elicit an unvarying, predefined
response with binary choice RT (2CRT), in
which alternative responses have been
assigned to each of a pair of stimuli, so that
stimulus presentation not only serves as the
temporal cue to respond but specifies which
response is required.

Studies of the effects of dopaminergic med-
ication on reaction times in Parkinson's dis-
ease have generally failed to satisfy the
elementary canons of pharmacological
research, either in their procedure for select-
ing subjects or in their experimental design. In
the typical study, five to eight patients have
been selected from the extremely heteroge-
neous parkinsonian population and investi-
gated using a simple within subjects
experimental design. Many studies have failed
to control order of testing effects by the inclu-
sion of counterbalancing or by additional con-
trol groups.
The relative insensitivity ofRT measures to

medication status in previous studies of
Parkinson's disease led us to seek a way of
increasing the demands made upon the sub-
ject's ability to sustain a high rate of response
initiation. Various strands of evidence suggest
that the execution of a response by patients
with Parkinson's disease is much more likely
to be impaired if it forms an element in a
composite. For example, in a task merely
requiring transfer of gaze to a novel target, the
kinematics of the saccade appear normal in
mild to moderate Parkinson's disease. Under
instruction to respond with a series of sac-
cades reciprocating between target and
central fixation, the first saccade-notwith-
standing its elicitation by an identical stimu-
lus-takes much longer even for controls to
initiate. Not only is this effect greater in
patients with Parkinson's disease, the accu-
racy of their saccade is also very abnormal.'6
Furthermore, Benecke et al 7 have shown that
when required to execute two movements in
rapid sequence, patients with Parkinson's
disease who have been deprived of their med-
ication exhibit abnormally extended interre-
sponse intervals, the second movement also
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Table 1 Studies examining effect of medication on RT andMT

Study details
Reaction time Movement time

No of
Study Ref Task patients On Off Diff On Off Diff

Velasco and Velascot (4) SRT 16 388 454 66 NS 105 cm/s 87 cm/s -18**
Rafal et al (5) SRT 9 480 510 30NS - --
§ (5) CRT 8 665 895 230* - -

Girotti et al (6) SRT 21 395 449 54NS 457 487 30**
(6) 7CRT 21 452 494 42NS 458 567 109*

Bloxham et al (7) SRT 10 365 383 18NS - - -
Viallet et al (8) SRT 5/9 210 264 54* 247 323 76*
Pullman et alt (9) SRT 5 355 375 20 NS 260 315 59

(9) 2 CRT 5 380 410 30* 280 330 64
Starkstein et al (10) SRT 7 329 341 12NS 281 369 88*
Montgomery et al (11) SRT 8 ??** ?
Pullman et alt (12) SRT 5 331 373 42NS 280 339 50***

(12) 2CRT 5 371 464 93NS 284 340 60***
Jordan et al (13) SRT 32/34 355 360 5NS -

(13) 2 CRT 32/34 450 470 20 NS - -

Jahanshahietal (14) SRT 8 488 504 16NS 332 389 57NS
(14) 4CRT 8 639 626 -13NS 444 469 25NS

Brown et al (15) 2CRT 7 440 495 55* -

(15) 2CRT 7 440 490 50NS - - -

(15) 2CRT 7 555 560 5NS - - -
Harrison et al (this study) SRT 8/8 341 358 17* - - -
Harrison et al (this study) 2 CRT 8/8 379 411 32* - - -

*p<0-05; **p < 0-01; ***p < 0-001.
Figures in italics have been estimated from graphs. The figure preceding CRT in Task column denotes the number of choice
options presented in that study.
All responses are button press or release with finger with the exception of: tfinger press or foot press; twrist rotation; §move lever.

being of reduced velocity. Restoration of drug
treatment greatly reduced both of these
abnormalities without quite eliminating them.

Previous chronometric studies of perfor-
mance in patients with Parkinson's disease
have used comparatively long intertrial inter-
vals. By contrast, we employed a microcom-
puter controlled, serial RT procedure in
which the delay between a response and the
onset of the imperative signal for the next trial
was manipulated without intervention of a

separate warning signal. This allowed us to
measure SRT and 2CRT with response-stim-
ulus intervals as brief as 50 ms.

Methods
DESIGN
We employed a design in which the same

reaction time measures were applied to three
groups-two Parkinson's disease groups and a

normal control group (fig 1). Each group
undertook two experimental sessions on the
same morning. Carefully screened patients
with Parkinson's disease with mild to moderate
motor impairments were matched pairwise on

various clinical measures. One member of the
pair was assigned at random to an experimen-
tal (PD:E) group and the other to a control
(PD:C) group. Overnight withdrawal of

Figure 1 RTparadigms.
(A) Classic simple RT,
(B) choice RT with high
compatibility. Visual
stimuli versions of tasks
(A) and (B) were used in
this experiment.

A B

V

dopaminergic medication was confined to the
PD:E group on the first session of testing.
One hour later, after taking medication, they
were admitted to the second session. This
manipulation allowed us to assess the effects
of medication by means of within group, as

well as between group, comparisons, con-

trolled for order of testing effects. The addi-
tion of a group of normal age matched
controls allowed us to compare the differences
attributable to medication with any differ-
ences between fully medicated patients with
Parkinson's disease and normal subjects of the
same age. This design also permits the assess-

ment of any differential change in perfor-
mance across sessions.

SUBJECTS
Eight closely matched pairs of subjects with a

clear diagnosis of idiopathic Parkinson's dis-
ease were recruited from the outpatient popu-

lations of the Royal London and Charing
Cross Hospitals. All had satisfied exclusion
criteria for age, dementia, disease duration,
symptom severity, and drug treatment (fig 2).
Preliminary interview and testing had enabled
subjects to be matched pairwise on age, dura-
tion of disease, and abbreviated Webster
score. One member of each pair, determined
randomly, was allocated to the PD:E group,
the other to the PD:C group. A third group
comprised eight normal age matched controls
who had no history of neurological or psychi-
atric disease and were not taking medication
known to affect the CNS.

APPARATUS
The two response buttons, 15 cm apart, were

positioned on a table in front of the subject
such that the forearms could be laid flat with
the index fingers positioned one on either but-
ton. Beyond and adjacent to each button, a

light delivered its imperative signal. For each
trial the appropriate light remained on until a

response was detected. A microcomputer con-

* = Imperative signal (IS). V = "Either, or,
but not both".

o = Response = Mapping
instructions
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Figure 2 Screening
procedure and matching of
subjects.

Patients with PD Normal controls

Subjects matched on the basis of;

(1) Age
(2) Sex
(3) Webster score (PD only)
(4) Disease duration (PD only)

\IiitkI
trolled the sequence and timing of stimuli and
registered the responses, tabulating errors, and
latencies.

PROCEDURE
Before each task, subjects were provided with
a block of 21 practice trials. The two experi-
mental sessions were separated by one hour, a

period intended to be sufficiently long to
allow the levodopa to take effect in the PD:E
group. In each session, subjects performed an

SRT and a two choice CRT (2CRT) task.
Each task was given as a single block of 196
trials, composed of 28 replications of each of
the seven levels (50, 100, 200, 400, 800,
1600, 3200 ms) of response-stimulus interval,
in pseudorandom sequence. The correct (left
or right) keypress response was unpredictable
in CRT blocks. To balance the hand factor,
subjects were instructed to change hands mid-
way through the SRT task. The order of test-
ing was counterbalanced across subjects
within groups.

Results
For all three groups the error rate was negligi-
ble, never exceeding 1% for any block of tri-
als. A preliminary analysis was directed
towards the question of whether the attempt
to match the two Parkinson's disease groups

was reflected in equivalent performance in the
second session, when both were fully med-
icated. Analysis of variance (ANOVA) with
group, RT task, and response-stimulus inter-
val as factors confirmed that neither the main
effect of group (F (1,14) <1-0) nor any inter-
action involving the group factor approached
significance (P > 0-20, in all cases).
Significant main effects of task (F
(1,21) = 26-7, P < 0-0001) and response-
stimulus interval (F (6,126) = 25-8,
P < 0-0001) were found, although they
showed no tendency towards interaction (F
(6,126) <1 0). Table 2 summarises the SRT

Table 2 Group by RT task means for al three groups in
session 2 (in which PD:Es were medicated

SRT CRT

PD:E 341 (95) 379 (79)
PD:C 339 (64) 369 (64)
NAC 334 (79) 376 (52)

Values in parentheses are SD

and CRT latencies for both Parkinson's dis-
ease groups and also for controls. The differ-
ences in overall mean RT between the groups
spanned a mere 6 ms, with the normal age
matched control group intermediate between
the two Parkinson's disease groups.
We determined the absence of reliable dif-

ferences between the performance of fully
medicated patients with mild to moderate
Parkinson's disease and normal healthy con-

trols by subjecting the latencies of the PD:C
and normal age matched control groups on

both sessions to ANOVA. Again, neither the
main effect of group (F < 1) nor any interac-
tion involving the group factor were signifi-
cant. In particular, the slight reduction in
latency across the two sessions (10 ms for
PD:Cs and 12 ms for normal age matched
controls) showed no differential tendency
towards improvement (F < 1).
With this as a basis, we were able to pro-

ceed to our principal test, comparing the per-

formance of the two Parkinson's disease
groups in session 1 when the experimental
group were off medication and in session 2
when their medication had been restored. The
ANOVA disclosed a significant interaction of
group, session, and response-stimulus inter-
vals (F (6,84) = 2-22, P < 0-05). Figure 3
illustrates this. The source of this interaction
seems to be the withdrawal of medication
since it consists of a difference in performance
which sets the PD:E group apart from the
other groups only in session 1, when they
were unmedicated. The effect consists of a

latency prolongation, confined to the briefer
response-stimulus intervals. Withdrawal of
medication seems to exaggerate the normal
tendency for latencies to increase, as if the
subject requires some time to "recover" from
the previous response. This "refractoriness"
seemed to be abnormally increased by
dopamine depletion.
We examined this differential effect of

response-stimulus interval further, confining
attention to a comparison of the performance
of the two Parkinson's disease groups in ses-

sion 1, when their state of medication dif-
fered. In view of previous reports of
differential effects of medication on SRT and
CRT we decided to include RT task as a factor
in our analysis, despite its failure to interact
with any of the other factors in the preceding
ANOVA. As it seemed likely that a full break-
down of the data into individual response-

stimulus intervals bins would leave too few
observations per cell for statistical compar-

isons to be robust, we dichotomised the seven

response-stimulus intervals into "long"
(0-8-3-2 s) and "short" (50-200 ms), dis-
carding the median value. Whereas the first

Screening - subject excluded if:

(1) Older than 75 years
(2) Demented (less than 27/30 on MMS)
(3) History of any neurological disorder (other than

PD for patients)
(4) Receiving medication known to affect CNS

(other than levodopa, dopamine agonists, and
MAOB inhibitors in the case of PD)
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Figure 4 Difference
between PD:E and PD:C
groups in mean SRT and
CRT latency for long and
short response-stimulus
intervals in session 1.

-ill- PD:E-session 1 (unmedicated)
-A- PD:C-session 1
-0-- PD:E-session 2 (medicated)
-A- - PD:C-session 2

440

420

-, 400
E

I= 380

a)
2 360

340

A

liu
10 100 1000 ooC

RSI (Log scale)

order group x response-stimulus interval
interaction failed to attain significance, the
group x RT task x response-stimulus interval
interaction did prove significant (F (1,14) =

4-8, P < 0 05). The form of this interaction
can be inspected in fig 4, from which it seems
that SRT at brief response-stimulus interval
values best discriminated medication status.
The negative outcome of further post hoc
tests, however, prevented us from locating the
medication effect more decisively.

Finally, we performed a sequential analysis
of the session 1 CRT data, classifying every
trial (except the first) in a block as either a

repetition, involving the same stimulus-
response linkage as the preceding trial, or an

alternation, to determine whether using the
same effector twice within a brief interval was
particularly difficult, especially for poorly
medicated patients with Parkinson's disease.
Repetition/alternation was then entered as a

factor into an ANOVA, together with group
and response-stimulus interval. This showed a

surprising but highly significant 21 ms latency
advantage for alternations (F(1,20) = 15-4,
P < 0.001). An unambiguous lack of signifi-
cant interactions involving repetition, how-
ever, suggested that any effects of medication,
disease, or refractoriness were not qualified by
repetition.

60 r

ui
E

a)
0

a)
:r-

40

20

0

-20
SRT short SRT long CRT short CRT long

Task x RSI condition

Discussion
In a serial RT study characterised by a

relatively large number of observations per
subject and the employment of briefer
response-stimulus intervals than previously
investigated in patients with Parkinson's dis-
ease, we were able to detect deleterious conse-

quences even of brief levodopa withdrawal in
mildly impaired patients. These took the form
of an exaggeration of normal psychological
refractoriness-a prolongation of RT that
emerges as the recovery period between the
response just executed and the signal sum-

moning the next response is reduced below
0 5 s. By embedding these features in a design
more rigorous than any previously reported,
involving two sessions of testing conducted on

two pairwise matched Parkinson's disease
groups and a normal age matched control
group, we were able to exclude uncontrolled
variables that pervade the literature on med-
ication effects in Parkinson's disease. This
allowed us to identify conditions which permit
the detection of RT abnormalities consequent
on levodopa withdrawal in patients whose RT
performance, when fully medicated, is appar-
ently normal.

REFRACTORINESS AND PREPARATION FOR
ACTION
Despite 40 years of psychological enquiry, the
phenomenon of "psychological refractoriness"
is not well understood. The traditional
account was focused on the possibility of
competition between inputs for limited per-
ceptual processing resources. The processes
serving perceptual discrimination were

thought to be the locus of this limitation.
Since simple RT was assumed merely to
require stimulus detection rather than full dis-
crimination and identification, this meant that
performance on the SRT task was not
expected to involve competition for the
resources of the limited capacity perceptual
identification system and therefore would not
be susceptible to refractoriness. As applied to
CRT, the original focus of the limited capacity
central processor hypothesis was on the
latency prolongation in overlap paradigms
where stimulus 2 arrives before the execution
of response 1. When it became evident that
refractoriness, albeit diminished in magni-
tude, could be found even when stimulus 2
followed response 1, proponents of the tradi-
tional interpretation were obliged to assume
that the perceptual demands of an RT trial
could extend beyond the execution of the
response, due, perhaps, to the time taken to
clear the central processor of the feedback
generated by responding.18 However, even

when the perceptual competition hypothesis is
stretched in this way, it fails to accommodate
the fact that refractoriness can extend to
almost 0 5 s after the execution of a previous
response (for example, Wilkinson'9 and this
study). Moreover, it seems clearly evident that
some fixed limit on the rate of responding
(response 1-response 2 interval) is not opera-
tive, with perfect trading between the stimulus
2 response 2 interval (RT in the current

Figure 3 PD group
(PD:E v PD:C) x session
x response-stimulus
interval interaction (F
(6,84) = 222, P < 005).
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trial) and the preceding response 1-stimulus 2
interval. Some critics have regarded this
consideration as fatal for the perceptual
bottleneck account.
An alternative interpretation of the competi-

tion between overlapping processes which
gives rise to refractoriness involves a shift of
emphasis from the lingering traces of percep-
tuocognitive activity on trial Ti to the benefits
to be gained when the subject is allowed to
devote sufficient time and undivided attention
to preparation in advance for T2. A version of
this account which locates this preparation
towards the response end of the processing
cascade and consequently declines to regard
refractoriness as exclusively attached to CRT,
has been advanced by Rabbitt.20 His thesis is
that refractoriness is caused by interference of
response 1 with the response preparation for
T2, on which optimal RT depends. Such an
account is vulnerable to any demonstration of
a dissociation between the function describing
improvement in RT with increasing forepe-
riod (warning interval) and the function
showing recovery of RT with increases in
response-stimulus interval. Wilkinson19 has
proposed sleep deprivation as such a dissoci-
ating factor, as it changes the form of the
preparation function, but not the refractori-
ness function. Whereas neither the manipula-
tion of informative precues that reduce some
of the subject's uncertainties about the
required response nor manipulations of the
timing of a warning signal which serves a gen-
eral alerting function have allowed the identifi-
cation of a defect of preparation in
Parkinson's disease, studies of the ability to
capitalise on the certitudes that are peculiar to
the SRT task have suggested that this aspect
of preparation is defective in a subset of
patients with Parkinson's disease.2'

In the present data, the undiminished mag-
nitude of the refractoriness found in simple,
as opposed to choice, RT is inconsistent with
an interpretation of refractoriness in terms of
central processes of stimulus discrimination
or response selection. On the other hand, the
failure to find greater refractoriness in CRT
on trials in which the response is the same as
that executed on the previous trial, seems to
rule out an account in terms of limitations on
response rate located at the effector level. The
overall tendency in our CRT data towards
briefer latencies on alternations than on repeti-
tions seems most likely to be the result of a
strategic bias induced by the time pressure of
the refractoriness paradigm as in standard
paradigms repetition has been widely found to
be facilitatory.
What emerges from these considerations is

the complexity of the issues surrounding
preparation for rapid action. To the extent
that refractoriness is interpretable as interfer-
ence with preparation, the present experiment
suggests that the process involved is vulnera-
ble to levodopa withdrawal in Parkinson's dis-
ease and that this sensitivity might be greater
in the SRT task. A quite separate strand of
evidence suggests that some members of the
parkinsonian population have lost the ability

to engage in whatever preparations normally
give SRT its latency advantage over high com-
patibility 2CRT.21 Recently, moreover, the
finding that transcranial magnetic stimulation
of motor cortex can reduce the abnormal pro-
longation of RT sometimes found in patients
with Parkinson's disease.22 2' has provided
quite a different sort of basis for inferring
defective preparation. Because yet other para-
digms have been used to argue for the intact-
ness of (some) preparatory processes in
Parkinson's disease, it remains to be seen
whether these differences in findings across
the range of paradigms are consistently found
and if so how successfully they can be inter-
preted in terms of functionally distinct aspects
of preparation for rapid action. Certainly, the
studies have differed in regard to the impair-
ments the subjects have brought to the experi-
ment. Whereas the excessive refractoriness
revealed by medication withdrawal in this
study was obtained for patients with
Parkinson's disease who showed no signs of
RT abnormality when properly medicated, to
demonstrate the absence of SRT advantage
clearly entails abnormally prolonged SRT.
Finally, in as much as the transcranial mag-
netic stimulation studies focus on the return
of SRT and CRT to normality, an initial
deficit in one or the other is presupposed.

RT AS A MARKER FOR AKINESIA
It is evident from the present results that RT
conditions which are demonstrably capable of
showing significant effects of medication with-
drawal may nevertheless fail to discriminate
the performance of fully medicated patients
with Parkinson's disease from controls.
Pooling the session 2 data for both
Parkinson's disease groups, their overall mean
RT (n = 16) exceeded that of the control
group (n = 8) by a mere 4 ms. Others have
reported RTs in mild cases that are slightly
but not significantly faster than controls.24 It
seems incontestable, therefore, that, within
the sort of mild-to-moderately impaired pop-
ulation of patients with Parkinson's disease
that we have preferred to study, individuals
can readily be found whose mean keypress
RT, based on an adequate number of obser-
vations, lies consistently well within normal
bounds. We say "consistently" to emphasise
that the individuals who are found to satisfy
these criteria do not comprise an ever changing
set that arise as the ephemeral products of
random error variance; each subject in the
present study generated about 800 RT obser-
vations. Nor can this apparent normality be
dismissed as a consequence of insensitive
methods of testing, as it was these very meth-
ods that enabled us to detect a significant
effect of medication withdrawal in the same
patients. It is impossible to reconcile these
findings with the conclusion reached by
Jahanshahi et al3 in reviewing the literature on
chronometric indicators of abnormality in
Parkinson's disease, in which they assert that
"RT in Parkinson's disease is always slower
than in age matched controls."24 It is worth
noting that three other studies have recently
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been published in which patients with
Parkinson's disease have been shown to
exhibit reaction time latencies no different
from normal control subjects."425 We return
to the difficulty of formulating meaningful
generalisations about the entire Parkinson's
disease population, at the end of this discus-
sion.

LEVODOPA WITHDRAWAL AND REACTION TIME
The literature on medication effects in man-
ual RT comprises 13 papers, including this
one (table 1). All but one'5 assessed SRT; six
measured CRT,569 12-14 and seven provided a
movement time (MT) measure.46812-'4
Curiously, almost all the CRT studies con-
fined themselves to binary choices and none
systematically varied number of stimulus-
response alternatives. Table 1 also shows for
each separate experiment the "medication
effect" (difference between performance on
and off medication) for SRT, CRT, and MT.
Altogether 11 estimates of SRT and MT are
available and 10 of CRT. The proportion of
these attaining statistical significance was 25%
(SRT), 40% (CRT) and 73% (MT).
Strangely, there is no correlation between the
magnitude of the effects and their significance
nor between the numbers of patients studied
and the significance of the effects. Ten of the
11 MT effects and 21 out of 22 RT effects
were, however, in the expected direction.
(Under these circumstances it seems unwise,
as Jahanshahi et al'4 and Pullman et al9 have
done, to draw strong conclusions from nega-
tive findings.)

Considering first the RT values, we shall
discuss reasons for discarding the extreme,
outlying CRT value of 230 ms reported by
Rafal et al.5 Two other values, one at either
extreme, seem possibly anomalous-the 91
ms value reported for directional CRT by
Pullman et al 9 and the negative value reported
for 4CRT by Jahanshahi et al.14 The
interquartile range of the remainder is 20-50
ms and that of the MT values is 50-76 ms.
Whereas comparisons across studies that dif-
fer as much as these in their design and in the
nature of the tasks are clearly hazardous, it
seems worth remarking that nothing in these
data supports a general distinction between
the sensitivity of SRT and CRT to dopamin-
ergic manipulations.
Two studies9-12 stand apart, both because of

the nature of the response required, a wrist
rotation task, and the manner of manipulating
state of medication (three levels of levodopa
perfusion). Most of the remainder used man-
ual keying responses combined with overnight
withdrawal of all dopaminergic medication
followed by morning testing, restoration of
medication, and retesting. Obvious problems
with such a simple, within group uncounter-
balanced design are (a) the confounding of
true effects of medication with effects due to
retesting itself, and (b) the lack of a normative
baseline allowing the separate assessment of
the extent to which optimum medication fully
restores normal performance. In a variant of

this design, Jahanshahi et al 4 delayed retest-
ing for several months, thus adding a fresh
problem-namely, (c): the possible confusion
of medication effects with an overall change in
the patient's state.

In general, designs employing a between
group comparison avoid the problems of
retesting at the cost of introducing possible
confusion of drug effects with inherent differ-
ences between the groups. Standard methods
of minimising this problem involve prior
matching of groups or, when the number of
subjects is sufficiently large, random alloca-
tion to groups. Conversely, by electing to
compare a de novo group of patients with
Parkinson's disease with a stable medicated
group, Jordan et al l' built into their study the
likelihood of confounding, to the extent that
characteristics other than treatment set apart
such populations. The study by Viallet et a!8
has a more severe form of the problem afflict-
ing the design of Jordan et al."3 Their control
group comprised five unmedicated patients
with Parkinson's disease, four of whom had a
disease duration of less than two years and the
remaining one a duration of 28 years. Neither
is it made clear why these patients were not
receiving medication, nor was an attempt
made to match the two Parkinson's disease
groups.

Turning to outcome, only a minority of the
studies yielded significant medication effects.
Of these, the CRT effect reported by Rafal
et al5 seems anomalously large. They required
patients with Parkinson's disease to "move a
heavy lever either to the left or right in
response to a peripheral cue". The very large
facilitatory effect of medication they obtained
contrasts not only with findings in the rest of
the literature but also with the non-significant
effect that they reported for keypress SRT. On
closer examination, it transpires that in the
heavy lever task, the purported CRT measure
of Rafal et al5 combines RT and MT. It seems
distinctly possible, therefore, that much or all
of their medication effect is attributable to
time taken to execute the movement, itself.
Incidentally, the provision of an 80% reliable
response precue in this study also reduces the
subject's response uncertainty before the
imperative signal to a level that threatens to
obscure the distinction between SRT and
CRT.
Brown et al 15 found a significant impact of

medication upon performance in a CRT task
but this only obtained when using a direct
spatial mapping of stimuli on to responses. In
two variants, in which the responses were
specified by symbolic stimuli, no effect of
medication was observed. The study carried
out by Montgomery and Nuessen" required
an aimed movement to a target of varying
size. Subjects were presented with an auditory
"go" signal and the time at which the subject
initiated their movement was recorded as the
reaction time. Such a combination of an SRT
procedure with the need for an accurate
movement excursion seems likely to encour-
age preprogramming, supplying a possible
reason for their robust effect of medication.
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Abnormal refractoriness in patients with Parkinson's disease after brief withdrawal of levodopa treatment

OBJECTIVES?
It is not immediately evident what larger theo-
retical question many of these studies con-

sider. The casual reader might be forgiven for
supposing that their aim is merely to enquire
into the utility of RT as an overall marker or

test of "parkinsonism"; levodopa withdrawal
is used simply as a manipulation of the global
severity of impairment and RT regarded as an

undifferentiated neuropsychological test of
"akinesia". As we wish to suggest, to the con-

trary, that such investigations are interesting
to the extent that they deviate from that aim,
we examine each component of that putative
aim, reviewing, in turn, the questions of statis-
tical power and significance in evaluations of
the effects of levodopa withdrawal, the poten-
tial informativeness of task manipulations and
the various chronometric measures they
enable, and the principles guiding the selec-
tion of patients for study.

POWER AND SIGNIFICANCE IN LEVODOPA
MANIPULATIONS
If attaining statistical significance is accorded
overall primacy then the studies reviewed
would have to be reckoned as incompetent
instruments. There is a paucity of trials used
to determine RT, few patients have been
studied, and there is a lack of any principled
basis for patient selection. This results in
unreliable measures with insufficient statisti-
cal power to sustain robust conclusions, as

well as a lack of clarity about the population
to which these results might be expected to
generalise. Overnight withdrawal of levodopa
is, moreover, a relatively ineffective manipula-
tion on the mild to moderately impaired
patients used in many of these studies. The
availability of more efficacious means of cap-

turing a wide range of parkinsonian impair-
ment, whether by comparison across patients
at markedly different stages of the disease or

by longer withdrawal of therapy, is scarcely in
doubt. The ultimate limits are more likely to
be set by ethical than by pharmacological con-

siderations. Furthermore, were the impact of
medication withdrawal to be the primary con-

cern we suspect that this purpose would be
better served by manipulation of a direct acting
agonist such as apomorphine, which is not
subject to the vagaries of absorption by the
gut, transport across the blood-brain barrier,
and metabolic transformation into a sub-
stance with affinity for dopamine receptors.
These properties endow apomorphine with
the ability to switch some patients with
severely progressed disease from a state where
they are profoundly "off" to fully "on", and
its brief half life allows an almost equally sud-
den reversion to immobility. As a separate
issue, there are also strong indications that
movement time captures the parkinsonian
impairment more reliably than unadorned RT
measures (table 1).

These considerations bring out a certain
triviality in the question of whether statisti-
cally significant effects can be obtained.
Moreover, if such researches are to amount to
more than a licensing of valid discriminatory

measures of global parkinsonism that might
be used, let us say, in a drug trial, then it must
be appreciated that comparison of normal age
matched controls with severely impaired
patients with Parkinson's disease is not inter-
changeable with levodopa withdrawal as a
manipulation, any more than RT and MT are
interchangeable measures of "slowness".
The alternatives to levodopa sensitivity

merit deeper thought. At least three other
possibilities have been contemplated.
Prolonged RT in Parkinson's disease might be
a strategic adaptation to the motor damage in
Parkinson's disease,26 it might be a non-
specific product of certain types of brain dam-
age,14 or it might result from depletion of a
neurotransmitter other than dopamine. For
instance, a postmortem study27 has shown
that brain noradrenaline, known to be related
to attention and vigilance,28 is reduced in
Parkinson's disease. One study of RT in
Parkinson's disease29 has looked at the rela-
tionship between reaction time and CSF
levels of the noradrenaline metabolite,
3-methoxy-4-hydroxyphenyletheneglycol
(MHPG), yielding significant correlations
with SRT, CRT and various measures derived
from the continuous performance test.
Unfortunately, the only studies in table 1 to
consider non-dopaminergic sources of RT
abnormalities in Parkinson's disease9 1214 seem
to have been driven to this in extremis.
Pullman et al,9 finding that when plasma lev-
odopa was raised to a clinically defined crite-
rion of "fully on" CRT was reduced by 91 ms
and SRT by only 40 ms, concluded post hoc
that optimal SRT performance relies on
preparatory set activity mediated by neural
pathways linking SMA and striatum that do
not employ dopamine. Subsequently failing to
replicate this differential effect'2 they accom-
modated this failure in yet a further post hoc
postulate to the effect that only CRT under
conditions of directional uncertainty was
dopamine sensitive. While the path taken by
Pullman et a19 might hold some potential
interest, they seem to have been deflected into
it by a number of illfounded statistical infer-
ences. These include acceptance of the null
hypothesis concerning medication effects on
SRT obtained on only five highly variable
patients (it is, incidentally, the large size of
their CRT effect rather than the diminutive-
ness of their SRT effect that appears anom-
alous in table 1), as well as assuming that
because the effect on CRT was significant and
that on SRT was not, that difference must,
itself, be significant. Such a conclusion could
only be sustained by demonstrating a signifi-
cant interaction between medication and RT
task, an analysis that the authors neglected to
perform.

TASK MANIPULATIONS
Reaction time is neither a process nor a neu-
ropsychological test of the integrity of some
particular function. It is certainly not a labora-
tory model of akinesia.3 It is merely a compos-
ite measure of the speed with which a
particular task can be performed. Even the
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most elementary of RT tasks usually requires
a complex arrangement of attentional, percep-
tual, and motor operations that include
preparatory activities, stimulus processing,
use of working memory for retrieval of stimu-
lus-response mappings and generation of pre-
dictions, and decision making. The success
with which RT measurement can be brought
to bear on specific processes and their
integrity depends on experimental manipula-
tions of task variables. If there is a case to be
made for the application of RT measures, it
must surely lie in the century and a half of
experimental exploration of the variables that
influence RT, together with attempts at a
functional interpretation of the outcomes of
these manipulations.' This apparatus has
hardly yet been brought to bear on the investi-
gation of information processing defects in
Parkinson's disease and their anatomical and
pharmacological substrates.

As for the tasks used, the most salient varia-
tion is to be found in the nature and complex-
ity of the response required, ranging from an
isometric keypress to movements requiring
calibrated force and spatial accuracy.
Movements that require considerable plan-
ning have the potential to show the SRT
advantage to great effect but this will only be
evident if the subject elects to and is permitted
to prepare fully in advance in SRT and is pre-
vented from initiating a response in CRT
before programming is complete.

PATIENT SELECTION AND GENERALISATION
Such is the heterogeneity of patients with
Parkinson's disease that a large, uncon-
strained sample will usually contain enough
patients with abnormally prolonged RT to
yield a significant effect of group. The ques-
tion of whether the results of such a compari-
son attain statistical significance seems to us a
relatively uninteresting one, if only because no
statement about such a group can be made
with certainty that it will hold for all the mem-
bers. As the disease progresses, cohort hetero-
geneity probably increases and the
effectiveness of levodopa therapy diminishes.
Consequently, we would expect a correspond-
ing increase in the likelihood of registering a
significant difference between patients with
Parkinson's disease and normal age matched
controls.

Studies on Parkinson's disease need to be
much more explicit about the principles guid-
ing subject selection and generalisability. It is
unclear to what extent the inconsistencies in
this literature depend on differences in
patients or in tasks. In our view, any generali-
sations which hold strictly and universally
over the entire Parkinson's disease population
are likely to have substance inversely propor-
tional to their coverage. It is better to be able to
assert something specific and testable about a
subtype than to construct a probabilistic com-
mentary on the nature or characterisitics of a
supposed disease entity.

We are grateful to Sheila Henderson for comments on the
manuscript. Thanks are due to Marc Gafen for his assistance
with data analysis. Details of this paper have previously been
presented to the winter 1994 meeting of the British
Pharmacological Society. This work was supported by the
Wellcome Trust.
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