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Subcortical Vascular Lesions Predict Functional Recovery After
Rehabilitation in Patients with L-Dopa Refractory Parkinsonism

Fabio Guerini, MD,�w Giovanni B. Frisoni, MD,wz Catherine Bellwald, MD,�w Roberta Rossi, Psy,w

Giuseppe Bellelli, MD,� and Marco Trabucchi, MDw§

OBJECTIVES: To identify predictors of functional recov-
ery after an intensive rehabilitation training in patients with
gait disturbances and refractory parkinsonism.

DESIGN: Observational study.

SETTING: A hospital geriatric rehabilitation department
(‘‘Ancelle della Carità’’ hospital of Cremona).

PARTICIPANTS: Thirty-eight subjects (mean age � stand-
ard deviation of 78.9 � 6.5; 66% women) with gait
disturbances and L-dopa refractory parkinsonism consecu-
tively admitted to a rehabilitation unit within 6 months
were recruited. Exclusion criteria were obvious musculos-
keletal disorders (severe leg arthritis, hemiparesis, recent
stroke), recent surgery, delirium, physical impairment from
other identifiable causes, and missing computed tomogra-
phy (CT) scan. All subjects received an intensive standar-
dized rehabilitative program including conventional
physical therapy and specific gait training.

MEASUREMENTS: The outcome measure of the rehabi-
litation training was the gain between admission and
discharge on the Unified Parkinson Disease Rating Scale
(delta-UPDRS). The following potential predictors were
assessed using comprehensive geriatric assessment: physical
health (Charlson Comorbidity Index, number of drugs),
cognitive performance (Mini-Mental State Examination
(MMSE)), functional status (Tinetti scale), depressive
symptoms (Geriatric Depression Scale), nutritional status
(serum albumin and body mass index), and subcortical
cerebrovascular load (four classes of increasing severity
based on diffuse leukoariosis, patchy lesions of the white
matter, and lacunas on CT scan). Multivariate logistic
regression with fixed adjustment for age, cognitive perfor-
mance, and UPDRS on admission and stepwise selection of
variables were used to identify independent predictors.

RESULTS: Patients were divided into two groups of equal
size based on the delta-UPDRS (high and low functional
recovery: delta-UPDRS 48 and �8, respectively). Of all

variables, only subcortical cerebrovascular load predicted
functional recovery at discharge (odds ratio adjusted for
age, MMSE, and UPDRS on admission5 2.3, 95%
confidence interval51.0–5.1). The adjusted proportion of
patients with high functional recovery decreased with
increasing subcortical cerebrovascular load: 83%, 61%,
44%, and 27% (adjusted P for trend50.047).

CONCLUSION: Subcortical cerebrovascular load is a
predicting factor of successful rehabilitation in patients
with L-dopa refractory parkinsonism. J Am Geriatr Soc 52:
1–5, 2004.

Key words: parkinsonism; subcortical vascular lesions;
functional recovery; rehabilitation.

Parkinsonism is common in people aged 65 and older,
and its prevalence increases markedly with age.1 In a

study on 467 residents of East Boston, Massachusetts, 159
persons aged 65 and older were found to have parkinson-
ism. The overall prevalence estimates were 14.9% for
people aged 65 to 74, 29.5% for those aged 75 to 84, and
52.4% for those aged 85 and older. In particular, gait
disturbances, a key signs of parkinsonism, were found to be
associated with twice the risk of death within a 9.2-year
follow-up period.2 In another study on 15,034 patients in
Ontario,3 50.6% of subjects with parkinsonism died during
the 6-year follow-up in comparison with 29.1% of control
subjects.

Only a portion of all patients with parkinsonism have
idiopathic Parkinson’s disease (PD), whereas the rest have
other forms, generally poorly responsive or altogether
refractory to L-dopa or other dopaminergic therapy.1,3

Nevertheless, despite an overall positive effect of physical
rehabilitation on gait disturbances in patients with L-dopa
refractory parkinsonism, the variability of the response is
large.4 Therefore, the identification of predictors of
response would be of great clinical value. Some authors
have suggested that age, cognitive impairment, delirium,
mood, comorbidity, malnutrition, and functional status
might predict the success of rehabilitation,5–8 but increasing
attention is being paid to subcortical cerebrovascular
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disease; several studies have shown the high prevalence and
the association of these lesions with gait disturbances.9–11

In this framework, the aim of the current study was to
identify independent predictors of functional recovery after
intensive rehabilitation training in patients with gait
disturbances and refractory parkinsonism.

METHODS

Subjects

Patients affected by L-dopa refractory parkinsonism were
selected from among all first and consecutive admissions to
the rehabilitation unit of ‘‘Ancelle della Carità’’ Hospital,
Cremona, Italy, a 30-bed rehabilitation unit, between
October 2001 and March 2002. The total turnover of the
unit is about 380 patients per year.

L-dopa refractory parkinsonism was defined as the
presence of at least two of the four cardinal signs: rest
tremor, rigidity, bradykinesia, and gait disturbances due
to loss of postural reflexes.12 The refractoriness to L-dopa
was defined as an absent or minimal clinical response to
a 3-consecutive-day pharmacological trial of carbidopa-
levodopa (up to 25–250 mg of Sinemet three times daily).13

Exclusion criteria included obvious musculoskeletal dis-
orders (e.g., severe leg arthritis, hemiparesis, recent stroke),
recent surgery, delirium, physical impairment from other
identifiable causes, and missing computed tomography
(CT) scan.

Comprehensive Geriatric Assessment

All patients had a comprehensive geriatric assessment
performed by a geriatrician (GB) on admission, including:

demographics: age, sex, education, and living condition
cognitive performance, using the Mini-Mental State Ex-
amination (MMSE)14

depressive symptoms, using the 15-item Geriatric Depres-
sion Scale15

functional status, using the Tinetti scale16 and the Barthel
Index17

physical health, using the Charlson Comorbidity Index18

and number of drugs
malnutrition, determined from serum albumin and body
mass index19

The outcome measure was a sum score of the motor
and activities of daily living (ADL) subscales of the Unified
Parkinson’s Disease Rating Scale (UPDRS).20 The UPDRS is
the most widely used instrument for rating symptom
severity in clinical studies of PD. The ADL subscale is
based on historical information, and the motor subscale is
based on a structured physical examination. The sum score
of the two subscales ranges from 0 to 108, higher scores
indicating greater impairment and vice versa. In all cases, a
trained physiotherapist blind to the aim of the study
administered the UPDRS subscales at admission and
discharge. A delta-UPDRS score was calculated as the
difference between scores on admission and discharge.
Moreover, a sum score assessing executive control functions
was computed from the following items: writing, dressing,
grooming, and tool use.

Rehabilitation Training

All subjects received an intensive standardized rehabilita-
tive program including conventional physical therapy (40
minutes in the morning) and specific training (40 minutes in
the afternoon). The global amount of the rehabilitative
program per patient was 80 minutes per day, 6 days per
week, for 3 consecutive weeks.

The treatment areas used for conventional physiother-
apy included strengthening and range-of-motion exercises,
musculoskeletal control, trunk and upper extremity posi-
tioning, transfer training, postural and gait training,
functional and self-care retraining, and adaptive equipment
training. Each session consisted of a 40-minute phase of two
sets of 12 repetitions of nine exercises: leg extension, leg
curl, step-up, heel raise, chest fly, upright row, military
press, biceps curl, and pelvic tilt.

The specific treatment was based on treadmill training
cycle at an intensity equivalent to 50% to 70% of the
participants’ heart reserve, as determined from their
screening exercise treadmill test. At the start of each session
of the rehabilitation training, the physiotherapist explained
the nature and type of the exercises. When patients required
rest, a brief interruption (no longer than 1 minute) was
allowed. Each session of physiotherapy began with a 15-
minute warm-up and ended with 10-minute cool-down.

Classification of Cerebrovascular Severity

Cerebrovascular severity was assessed on CT films with a
rating scale for subcortical cerebrovascular disease.21 Three
types of lesions (leukoariosis, fuzzy or patchy lesions, and
lacunas) were rated separately for the right and left
hemispheres in a number of brain regions and summed to
give a single measure of subcortical vascular load (SVL).

Leukoariosis

The degree of hypodensity of the white matter was
quantified separately in three regions (frontal, parietal and
occipital). A score of 0 indicated no hypodensity, 1
questionable hypodensity (might be regarded as ‘‘normal
for age’’), 2 definite hypodensity but confined to the
periventricular area or not reaching the cortex, and 3
marked hypodensity reaching the cortex or extending into
the white matter of the gyral digitations. A sum score of
leukoariosis, ranging between 0 and 18, was computed and
categorized into three classes of severity: score of 0 to 95

Class A, 10 to 165Class B, and 17 and higher5Class C.

Patchy Hypodensities

The presence of focal areas of hypodensity with indistinct
boundaries was separately assessed in seven regions:
frontal, temporal, parietal, and occipital lobes; basal
ganglia; internal capsule; external capsule; and cerebellum.
The total number of patchy hypodensities was recorded and
categorized into three levels of increasing severity: 0
lesions5Class A, 1 to 35Class B, and 4 and more5Class C.

Lacunas

These were assessed in the same seven regions as the patchy
hypodensities and were described as well-defined areas of
marked and homogeneous hypodensity with a well-defined
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and regular contour measuring generally from 2 to 10 mm
across. The total number of lacunas was recorded and
categorized into three levels of increasing severity: 0
lesions5Class A, 1 to 25Class B, and 3 and more5Class C.

To obtain a global measure of subcortical cerebrovas-
cular disease, an ordinal (1–4) four-level variable was
created (SVL), with 1 indicating absent or very mild (Class
B leukoariosis or lower and Class A ptachy lesions and
lacunas), 2 as mild (Class C leukoariosis or Class B patchy
and Class A lacunas), 3 as moderate (Class B patchy and
Class A lacunas irrespective of class of leukoariosis), and 4
as severe disease (Class B or higher patchy lesions and Class
B or higher lacunas irrespective of leukoariosis).

Statistical Analysis

Independent predictors of functional recovery were tested
in a logistic regression model with high/low functional
recovery as the dependent variable; fixed adjustment for
age, MMSE, and UPDRS at baseline; and a stepwise
selection method to identify independent predictors (Po.05
of the score statistic for variable entry and P4.10 of the
conditional statistics for variable removal). The findings
were confirmed in a homologous linear regression model
with the delta-UPDRS as a continuous variable. Adjusted
prevalence of high gain in classes of vascular score were
computed based on adjusted odds ratios computed in a
multivariate logistic regression model with age, MMSE,
and UPDRS on admission as covariates and using level 1 of
SVL as reference group.

RESULTS

Table 1 shows the clinical characteristics of the patients
stratified into two groups of equal size based on the delta-

UPDRS (high functional recovery, low functional recovery).
Patients had similar demographic, cognitive, affective,
somatic, and functional characteristics on admission. The
sum score (mean � standard deviation of UPDRS items
assessing executive control functions was not different in
the two groups of high and low functional recovery
(6.3 � 3.7 vs 7.2 � 3.5, P5.448)). Although both groups
had significant functional improvement at discharge, the
group with high functional recovery had gained 9.1 UPDRS
points more than the group with low functional recovery.

The mean number of lacunas (0.79 � 1.75 vs
0.21 � 0.53), patchy lesions (4.1 � 2.5 vs 3.1 � 3.4), and
leukoariosis (12.9 � 5.3 vs7.7 � 5.1) were more severe in
the low than high functional recovery group, although only
leukoariosis attained statistical significance (P5.003).
Cortical strokes on CT scan were not significantly different
in the two groups (5.3% vs 15.8% in those with high and
low functional recovery, P5.612 on w2 test), but SVL was
significantly different (P5.032 on w2 test).

Table 2 shows that the only predictor of functional
recovery at discharge was SVL (adjusted test for trend:
P5.047). Body mass index was the variable with the next
highest predictive power, but its P-value was far from
significance (P5.250 of the score statistics for variable
entry). Confirmatory analysis with linear regression showed
that, after the effects of age (P5.858), MMSE (P5.271),
and UPDRS on admission (P5.90) were parceled out,
SVL was the only independent predictor (regression
coefficient5 �0.20, 95% confidence interval5 �0.34 to
� 0.06, P5.011).

Figure 1 shows that the distribution of the two groups
(low and high functional recovery) in four levels of SVL
adjusted for age, MMSE, and UPDRS was clearly skewed
toward higher values in the low functional recovery group,
arguing for a dose-effect relationship between SVL and

Table 1. Clinical and Functional Characteristics of 38 Patients with L-Dopa Refractory Parkinsonism Treated with an
Intensive Rehabilitation Training Stratified by Functional Recovery (Difference between Discharge and Admission Unified
Parkinson Disease Rating Scale UPDRs)

High Functional
Recovery (n5 19�)

Low Functional
Recovery (n5 19w)

Characteristic Mean � Standard Deviation (Range) P-valuez

Age 78.8 � 6.6 (64–89) 78.9 � 6.5 (67–91) .838
Mini-Mental State Examination (range 0–30) 24.5 � 3.5 (17–28) 21.9 � 5.3 (10–30) .117
Geriatric Depression Scale (range 0–15) 5.1 � 3.3 (1–13) 6.3 � 2.9 (2–13) .171
Charlson index (range 0–37) 3.4 � 2.1 (1–7) 4.4 � 2.0 (2–9) .175
Serum albumin, g/dL 3.3 � 0.3 (2.5–3.8) 3.4 � 0.3 (2.8–4.1) .768
Body mass index, kg/m2 23.7 � 4.8 (14.3–32.5) 22.1 � 6.0 (12.2–28.7) .726
Drugs, n 4.7 � 1.1 (3–8) 5.1 � 1.3 (3–7) .421
Duration of gait symptoms, years 3.6 � 3.1 (1–10) 3.7 � 4.1 (0–15) .777
Barthel index (0–100) 64.7 � 28.8 (10–100) 71.2 � 24.3 (10–100) .438
Tinetti scale admission (0–28) 13.6 � 6.5 (2–24) 13.0 � 5.6 (6–26) .549
UPDRS admission (0–108) 34.7 � 15.2 (15–62) 36.8 � 13.2 (15–66) .501
Difference in UPDRS from admission to discharge � 12.5 � 4.0 (� 22 to � 9) � 3.4 � 4.2 (� 8� 7) o.001
Subcortical vascular load (0–4)§ 1.21 � 0.97 (0–3) 1.89 � 0.87 (0–3) .032

�Eleven women (57.9%); P5.404.
wFourteen women (73.7%); P5.404.
zDenote significance on Mann-Whitney or chi-square.
§Cumulative value of the subcortical vascular lesions (lacunas, patchy, leukoariosis); greater values indicate higher degrees of subcortical cerebrovascular disease.
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functional recovery. The adjusted frequency of poor
functional recovery was 17%, 39%, 56%, and 73% in
classes of increasing SVL.

DISCUSSION

This study shows that SVL may influence functional
recovery after intensive rehabilitation training in elderly
patients refractory to L-dopa parkinsonism.

Several experiments in animals have recently shown
that strokes are followed by new cortical representations of
the affected limbs that may be modified by intensive
repetition of single and combined movements.22,23 Tactile
tasks and sensorial stimuli can promote the remodeling and
reactivation of cortical areas involved in motor proces-
sing.22 A similar reorganization has been reported in
patients who have recovered from lacunar infarction, but
only if they are engaged in vigorous physical training.23

This remodeling continues long after the damage, suggest-
ing that neuroplastic changes may also be present in the
chronic stage.24,25

According to this view, intensive cycles of physical
rehabilitation are needed to obtain functional improvement
in gait disturbances secondary to neuronal brain damage.
However, the findings of the current study showed that
comparable intensity of rehabilitative training did not allow
homogeneous functional outcomes in patients. It was found
that subjects with lower functional recovery differed from
the others by having a greater amount of SVL. This
corresponds with previous reports indicating that anatomic
location and entity of subcortical cerebrovascular disease
can strongly influence functional improvement of patients
with parkinsonian syndromes;26,27 the subcortical regions
are critical in integrating the sensory and motor processing
underlying the complex spectrum of behaviors required for
mobility.22 Maintenance of correct posture and kinematic
tasks requires ongoing synthesis of visual, proprioceptive,
somatosensory, vestibular, and motor processing in real
time. Lesions affecting the integrity of any neuronal circuit
or the connections between circuits of the network might
decrease the efficiency or altogether disable this association
processing, causing a sensorimotor ‘‘disconnection syn-
drome.’’

It is remarkable that a dose-effect relationship between
functional recovery and SVL, suggesting that the greater the
subcortical vascular damage the greater the deterioration of
neuronal tracts involved in control of gait and balance, was
observed.

These findings could have implications for the rehabi-
litation of patients with refractory parkinsonism, because
they indicate that patients with greater SVL might need
more-intensive rehabilitation training. It is conceivable
that, in these patients, the simultaneous stimulation
of motor and somatosensory neuronal networks could
facilitate the reactivation of neuroplastic processes and
allow better functional outcomes.

Some caveats must be highlighted. First, CT rather than
the state-of-the-art magnetic resonance image (MRI) was
used to assess SVL. Nevertheless, although changes as small
as a few mm can be appreciated with MRI with sharp
hyperintense signals in adequate sequences (T2 and
FLAIR), CT has greater specificity.28 Moreover, studies
have shown a good correlation between CT-based and
MRI-based detection of subcortical lesions.29 Second,
although all patients received a 3-day trial of L-dopa, it
cannot be excluded that some patients with idiopathic PD
were included. Nevertheless, it is likely that PD patients
were homogeneously distributed between the two groups.
Last, it might be hypothesized that executive control
function rather than SVL is the major source of variance
in functional outcome; executive control function is
strongly associated with both subcortical vasculopathy
and functional outcomes. However, the UPDRS items
assessing executive control function were not different in
those with high and low functional recovery.30

In conclusion, the results of this study suggest that SVL
is a predicting factor of the success of rehabilitation in
patients with L-dopa refractory parkinsonism. Future
studies will need to evaluate whether more-intensive and
differentiated rehabilitation training could be effective for

Table 2. Predictors of Poor Functional Recovery Following
Intensive Rehabilitation Training in 38 Patients with L-
Dopa-Refractory Parkinsonism

Predictor
Odds Ratio (95%

Confidence Interval) P-value

Fixed adjustment (enter)
Age 1.00 (0.9–1.1) .987
Mini-Mental State Examination 0.88 (0.7–1.1) .165
UPDRS admission 1.01 (1.0–1.1) .769

Stepwise selection
Subcortical vascular load 2.3 (1.0–5.1) .047

Note: Coefficients were computed in a multiple logistic regression model with
fixed adjustment for age, Mini-Mental State Examination, and UPDRS on
admission and stepwise selection of all other predictors. Sex, Geriatric
Depression Scale, Charlson index, serum albumin, body mass index, drugs,
duration of gait symptoms, and Tinetti scale admission were not selected to
enter the model. UPDRS5Unified Parkinson Disease Rating Scale (subscales 2
and 3).

0.0
10.0
20.0
30.0
40.0
50.0
60.0
70.0
80.0
90.0

100.0

%

SVL1 (n = 10) SVL2 (n = 11) SVL3 (n = 13) SVL4 (n = 4)

Low Functional Recovery

High Functional Recovery

Figure 1. Adjusted frequency of high and low functional
recovery in classes of increasing subcortical vascular load
(SVL). Higher SVL number denotes SVL of greater severity
(see Methods). Adjustment was made for age, Mini-Mental State
Examination score, and Unified Parkinson Disease Rating Scale
on admission. P denotes significance on test for trend computed
in a multiple logistic regression model (Table 2).
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patients with L-dopa refractory parkinsonism and severe
subcortical cerebrovascular disease.
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