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The Influence of Early Aerobic Training on the Functional
Capacity in Patients With Cerebrovascular Accident at the

Subacute Stage

Michal Katz-Leurer, PhD, Mera Shochina, MD, Eli Carmeli, PhD, Yechiel Friedlander, PhD

ABSTRACT. Katz-Leurer M, Shochina M, Carmeli E,
Friedlander Y. The influence of early aerobic training on the
functional capacity in patients with cerebrovascular accident at
the subacute stage. Arch Phys Med Rehabil 2003;84:1609-
14.

Objective: To investigate the effect of early aerobic training
on the aerobic and functional abilities of patients in the sub-
acute stage of cerebrovascular accident (CVA).

Design: Randomized controlled trial.

Setting: Rehabilitation unit in Isradl.

Participants: Ninety-two patients who had afirst CVA were
randomly assigned to an exercise-training group or to a control
group.

Intervention: Aerobic training with a leg cycle ergometer
for 8 weeks.

Main Outcome M easur es. Workload, exercisetime, resting
and submaximal blood pressure and heart rate, and functional
abilities.

Results: A trend toward improvement was found in al
aerobic parameters for the experimental group, but only heart
rate at rest (P=.02), workload, and work time (P<.01) im-
proved significantly. A trend for improvement was aso found
in al parameters of function for the experimental group, but
only stair climbing was significantly better (P<.01). An inter-
action (95% confidence interval, 1.7-17.21) was found be-
tween age and aerobic training on walking distance. Although
no significant effect was found in the group of younger patients
(aged <65y), a significant difference in favor of training was
noted in the group of older patients.

Conclusions: Patients with CVA in the subacute stage im-
proved some of their aerobic and functional abilities after
submaximal aerobic training.

Key Words. Cerebrovascular accident; Exercise; Rehabil-
itation.
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T IS ESTIMATED that more than 60% of survivors of

cerebrovascular accident (CVA) will have some permanent
deficit affecting functional ability.r The main aim of rehabili-
tation is to optimize patients’ ability to function, to improve
their quality of life. There are different techniques for achiev-
ing this goal. The superiority of no particular treatment ap-
proach hasyet been proven in terms of activities of daily living,
including general mobility, tone, or function.2

It is known that stroke patients have low endurance during
exercise both due to the event and as a secondary reaction to
forced inactivity.34 It is aso known that there is a positive
connection between aerobic capacity and functional perfor-
mance.> Even so, aerobic exercise training is not regularly
included in rehabilitation programs after CVA.

The main aims of this clinical trial were to test (1) whether
aerobic training at the subacute stage in CVA patients reha
bilitation can preserve and improve their aerobic capacity and
(2) whether this intervention improves function and walking
ability of stroke patients at the end of the rehabilitation period.

METHODS

Study Population

Ninety-two patients, who were hospitalized up to 48 hours
after the initiation of clinical signs of their first stroke, were
included. Patients were excluded from the study if they had
brainstem lesions and/or bilateral signs; had no lower-limb
paralysis on admission; were unconscious and/or totally incon-
tinent after the event; had been admitted to the rehabilitation
department more than 30 days after the acute hospitalization;
had an electrocardiogram (ECG) that showed pathologic
change at rest and/or during their first stress test on admission
to the rehabilitation department; presented with a significant
change in blood pressure on exertion, a resting systolic blood
pressure (SBP) of more than 200mmHg, or a resting diastolic
blood pressure (DBP) higher than 100mmHg; had arrhythmia
or heart failure; were taking B-blockers; or had inflammatory or
degenerative joint diseases. The hospital ethics committee ap-
proved the study. Each patient gave informed consent.

The patients (N=92) were randomly assigned to the study
groups by using a block sampling method. Separate sampling
was taken of patients with lesions in the right and left hemi-
sphere. At the beginning of the study, all patients were inpa-
tients in the rehabilitation department and, according to their
abilities, were transitioned to the outpatient clinic at the same
center (fig 1).

Stress Test

Physical fitness was evaluated according to a graded stress
test.® The test consisted of an exercise protocol on aleg cycle
ergometer while patients sat in their own wheelchairs. For
patients to become familiar with the device, the exercise pro-
tocol began with 2 minutes of unloaded pedaling with the help
of the cycle’s motor, which moved the flywheel a 20rpm at
minute 1 and 50rpm at minute 2. During minute 3, patients
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Assessed for eligibility (N=219)

Excluded (n=127)

Not meeting inclusion criteria (n=125)

Refused to participate (n=2)
Other reasons (n=0)

Randomized (n=92)

Allocated to intervention (n=46)

Received allocated intervention (n=46)

]
Lost to follow-up (n=0)

Discontinued intervention (n=0)

Analysis (n=46)

Allocated to controls (n=46)

Received allocated (n=46)

Lost to follow-up (n=0)

Discontinued intervention (n=2)
Reasons: acute myocardial
infarction, deep vein
thrombophlebitis

Analysis (n=44)

Fig 1. Flowchart of participants through each stage of the trial.24

were asked to maintain 50rpm while the accessory motor was
shut down. At minute 4, resistance exercise began at 2W; at
minute 5, it continued at 4W; at that point, workload was
increased by 4W each minute for the next 6 minutes, and then
by 8W until the end of the test.

The criterion for maximal effort was 85% of age-predicted
maximal heart rate ([220—age] X.85). The exercise protocol
ended when the subject was exhausted (when subjects could no
longer continue pedaling, they were asked to stop), when the
researcher saw that the patient could no longer pedal at 50rpm
(without the patient asking to stop), or when pathologic find-
ings were noticed in the ECG (eg, heart rate irregularity, ST
depression). At that point, final measurements were taken, and
subjects completed cool-down and recovery periods.

Heart rate, monitored and recorded every minute during
exercise and recovery, was obtained from the relative risk
interval on the ECG. Resting heart rate was determined after
subjects sat for 20 minutes at rest before getting on the er-
gometer. Maximal heart rate was the average heart rate during
the last 30 seconds of exercise.

Blood pressure was measured in the nonparetic arm with a
standard mercury sphygmomanometer. Resting blood pressure
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was determined after the subject sat for 20 minutes at rest
before starting the test. Working (maximum) blood pressure
was determined immediately after the last session of exercise.
At test completion, subjects wereinstructed to continue cycling
against zero resistance for 2 to 3 minutes (cool-down and
recovery).

To determine the reliability of the test, a random sample of
6 patients performed the test 2 times separated by 48 hours. All
patients finished the test at the same workload and for the same
reason: reaching the target heart rate or for the other reasons
mentioned above (test-retest agreement=100%).

Training Protocol

The training program lasted 8 weeks. All patients trained on
a leg cycle ergometer (Active/Passive Trainer®). A physical
therapist constantly supervised the training. At the beginning of
each exercise session, patients' diet, medication use, muscle
tone, blood pressure, and heart rate were recorded.

On the basis of the initial stress test results, each patient
assigned to the exercise group was prescribed an individualized
exercise program. The training period was divided into 2 parts.
Thefirst part lasted 5 days a week for 2 weeks and started with
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multiple 2-minute intervals, according to patient tolerance,
with 1-minute rest periods interposed for up to 10 minutes of
work in thefirst day. The patient was instructed to add 1 minute
to 1 or more interval working periods each day so that by the
end of week 2, he/she could work continuously for 20 minutes
at the low level. The second part of the training period lasted
the next 6 weeks, during which patients exercised 3 times a
week for 30 minutes. Intensity was limited to 60% of heart rate
reserve as determined in the preliminary test. Throughout the
training period, heart rate was monitored continuously by a
pulse watch.”

M easur ements

Evaluation of neurologic deficits. Neurologic deficits
were scored according to the Scandinavian Stroke Scale” (SSS)
on admission to the hospital and once weekly in the rehabili-
tation department until the patient was released or died. The
overall score ranges from 0O to 58, subdivided as follows: 0 to
14, extremely severe; 15 to 29, severe; 30 to 44, moderate; and
45 to 58, mild.

Motor capacity. Motor capacity was evaluated once a
week by a physiotherapist (blinded to patient group) according
to the Motor Assessment Scale.8 In the study group, muscle
tone was tested by passive movement of the knee and elbow
and was scored according to the Modified Ashworth Scale®
before and after each aerobic training session.

Independent function level. The level of independent
function was assessed by the rehabilitation patient’s nursing
staff (blinded to patient group) every 2 weeks from admission
to the department, according to the FIM™ instrument.10

Functional walking parameter: walking time. Speed was
tested by asking the patients to walk 12m, using any assisted
device needed, at their own comfortable speed of walking.
Speed was derived from timing walking over the middle 10m
with a stopwatch.
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Functional walking parameter: walking distance until fa-
tigued. Patients were asked to walk as far as they could.
Patients walked using any assisted device they wanted and at a
self-chosen speed. The endpoint was when the patients felt
(subjectively) too tired to continue.

Functional walking parameter: number of stairs climbed.
Patients were requested to climb as many stairs as possible (up
to 60), using any assisted device they wanted and at a com-
fortable speed. The endpoint was when the patient felt (sub-
jective) fatigue.

To evaluate the reliability of the functional walking param-
eters, 2 physiotherapists separately evaluated a random sample
of 22 patients from the study. A strong linear relationship
(Pearson correlation, .96—99) was found between the testers
results.

Data Analysis

Descriptive analysis of the demographic and medical char-
acteristics are presented in table 1 by using frequency distri-
bution for categorical data and mean and standard deviation
(SD) for continuous variables. The quality of the randomiza-
tion was examined by t test (for continuous variables) and
chi-square test (for categorical variables) for al the potential
confounders of the relation between stroke characteristics and
aerobic capacity. Treatment effect on heart rate, blood pressure
(resting and maximal), workload, and exercise time was tested
with t tests and with the Cox model as a multiple-variable
analysis for stress test survival time.’! Cox regression is a
method for modeling time-to-event data in the presence of
censored cases. We defined the survival time as stresstest time
in minutes; event was defined as reaching target heart rate;
censors were all the other reasons for test termination. Point
estimates and 95% confidence intervals (Cl) for the hazard
ratios were calculated from the regression coefficients. The

Table 1: Demographic and Medical Characteristics of the Study Population

Control Group

Variable

Exercise Group
46) (n=46) P*

Demographic characteristics

Age (y) 65+11 62+11 19
Sex (%)
Male 50 56.6
Female 50 43.5 .40
Nationality (%)
Jew 69.4 71.7
Arab 30.4 28.3 .81
Baseline functional parameters
Outdoor independent walking, n (%) 40 (86.9) 43 (93.4) .29
FIM score 83.5+17.2 85+16.8 .87
Employment, n (%) 10 (21.7) 12 (26.1) .63
Risk factor for event, n (%)
CAD 14 (30.4) 8(17.4) 14
Diabetes 16 (34.7) 20 (43.4) .39
Hypertension 24 (52.2) 25 (54.3) .84
Smoking 8(17.4) 15 (32.6) .09
Neurologic score (SSS) 31.0+8.5 31.0+8.6 .99
Type of event (%)
Hemorrhagic 13.1 13.1
Ischemic 86.9 86.9 1.00

NOTE. Values are mean = SD or n (%).
Abbreviation: CAD, coronary artery disease.
*Significant values were obtained from t tests or x? tests.
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Table 2: Stress Test Parameters at the Initiation and Termination of the Intervention

Control Group Exercise Group

Parameter Program (n=44) (n=46) P
Resting heart rate (bpm) Start 80.7+11.3 77.7+10.0 .10
End 79.5x10.2 74.95+8.8 .02*
Resting SBP (mmHg) Start 139.0+24.6 136.0=15.2 71
End 136.2+19.5 130.3+15.7 .20
Resting DBP (mmHg) Start 83.1x13.7 82.2+9.4 47
End 80.8+10.2 79.09.7 .40
Highest test stage completed Start 5.6+1.71 6.2+2.0 .28
End 6.9+2.2 9.6x2.5 <.01*
Maximal workload (W) Start 7.8+10.8 9.1+13.0 .22
End 12.9+12.6 25.2+14.9 <.01*
Maximal heart rate (bpm) Start 107.9+11.7 109.84+11.4 43
End 108.0=11.6 111.5=11.2 14

NOTE. Values are mean = SD.
*Significance obtained by t test.

log-rank test was used to detect a difference between survival
Curves.

The logistic regression was performed with the multivariable
analysis method for the functional parameters. Those outcome
variables were dichotomized as either independent (climbing 1
floor1°; gait speed >.55m/s'?; the ability to walk 100m?3) or
dependent. Results were considered statistically significant
when the P value was less than .05.

RESULTS

Descriptive data for the study and control groups arelisted in
table 1. Ninety-two patients were followed up. The sample
consisted of 50 men and 42 women (mean age, 63.3+=10.9y).
Of the participants, 90 had been functionally independent be-
fore the event, and 22 had worked on a regular basis. Exactly
13.1% of the events were caused by hemorrhage and 86.9% by
infarction.

There were no statistically significant baseline differencesin
demographic or clinical parameters between study groups. Two
subjects from the control group dropped out—1 because of an
acute myocardial infarction and the other after deep venous
thrombosis.

The baseline and posttreatment stress test measurements are
listed in table 2. Low endurance capacity was shown in all
parameters tested. A trend of improvement between groups
was found in al parametersin favor of the experimental group,
but only heart rate at rest, workload, and stress test stage
reached a statistically significant level.

Table 3 shows the distribution of the reasons for test termi-
nation at the end of the intervention in the exercise and control
groups. About 55% of al patients reached the submaximal

Table 3: Reasons for Test Termination at the End
of the Study Period

Control Group Exercise Group

Reason for Test Termination (n=44) (n=46)
Reaching target heart rate (%) 56.8 54.0
Cranking rate declining (%)* 20.5 26.1
Weakness of lower limb (%)* 15.9 8.7
Increased muscle tone (%) 6.8 10.9

NOTE. P=.63 (x3=1.70).

*Cessation of test due to subjective exhaustion (the patient asked to
stop the test—“weakness of lower limb”) or because researcher
noted a decline in cranking rate (“cranking rate declining”).
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heart rate as determined for each individual before the test. At
every stage (when working against resistance, from stage 4),
the dropout of individuals from the study group was lower than
in the control group (fig 2). The log-rank test statistic with 1
degree of freedom was 15.75 (P=.01). As described in figure
3, when stratification was applied to severity level, it was found
that there was a statistically significant difference between the
surviva curves (log-rank test, P=.01). After adjusting for the
influence of gender, age, and severity of the event (table 4),
there was a significant difference in survival time between
study groups—estimated as 4.52 minutes—with the Cox
model.

Table 5 shows a trend of improvement in all parameters of
functional ability in favor of the experimental group, but only
stair climbing was significantly better (P=.01). Table 6 pre-
sents the variables related to walking parameters that influ-
enced the independence of a patient at the end of the program
(walking faster than .55m/s, walking 100m, climbing 1 flight of
stairs). A positive (but not significant) association was indi-
cated between treatment and independent walking distance
(result not shown), yet a significant interaction between age
and aerobic training on independent walking distance was
noted. Whereas no improvement was found in the group of
younger patients (age <65y), a significant difference in favor
of training was noted in the group of older patients.

1.0

Control group

~~-=Treatment group

Cum Survival
N

0 2 4 6 8 10 12 14 16

End stage

Fig 2. Survival functions. Stress test survival curve by treatment
groups at the end of the program. Abbreviation: Cum survival,
cumulative survival probability.
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~ =~ Severely impaired / control group.

ired / control group

san Severely impaired /treatment group

Mild impaired / treatment group

Cum Survival

0.0

0 2 4

End stage

Fig 3. Survival function for patterns 1-4. Stress test survival curve
by treatment groups and severity of events at the end of the pro-
gram.

A model without interaction showed a nonsignificant asso-
ciation between treatment and independent walking speed. No
significant interaction between age and aerobic training on
independent walking speed was indicated (table 6). The only 2
variables that explained the ability to climb at least 1 flight of
stairs were treatment (odds ratio [OR]=4.27, P<<.05) and the
severity of the event (OR=3.12, P<.05) (table 6).

Table 6 shows a significant difference in mobility level
between groups. Study group patients needed less support
while walking than controls. Even after adjusting for the influ-
ence of the severity of the event, there was a significant
difference between exercise groups (OR=7.99; see table 6).

DISCUSSION

At the subacute stage, patients with CVA can improve some
aerobic and functional abilities with moderately intense aerobic
exercise. Parameters of heart rate at rest, workload, work time,
and stair climbing improved significantly. A significant inter-
action was found between treatment and age on independent
walking distance. Although no effect was found in younger
patients, a significant difference in favor of training was noted
in the group of older patients.

Subjects studied were CVA patients with mildly to severely
impaired hemiparesis an average of 15.4 days after the event.
The baseline aerobic capacity of the subjects was very low
compared with healthy persons of the same age'4 or compared
with spinal cord injury patients.’> Similar findings have been
reported elsewheres for patients with chronic hemiparesis. The
reduction in the number of active motor units and the reduced
oxidative capacity of paretic muscles are the usual explanations
for low aerobic capacity in stroke patients. This decreased
ability after stroke can aso be related to the reduced efficiency
of motion and to the presence of spasticity and cocontraction.

Table 4: A Multivariate Cox Model for Testing Survival Time at
the End of the Program

Hazard

Variable B SE Ratio 95% CI*
Treated/control 1.50 .34 4.52 2.29-8.90
Sex -.95 .33 .38 .19-75
Age —.57 .31 .56 .30-1.04
Neurologic score 1.14 .36 3.22 1.566-6.67

Abbreviation: SE, standard error.
*95% CI for the hazard ratio.
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Table 5: Functional Parameters at the End of the Intervention in
Exercise and Control Groups

Control Group
(n=44)

Exercise Group

Parameter (n=46) P

Walking distance (m) 107.6+94.8 143.0+122.8 12
Walking speed (m/s) 45+.16 51+.18 .10
Stair climbing (n) 18.1=14.4 25.4+14.1 .01
FIM score 101.4%£16.0 105.8+12.5 12

NOTE. Values are mean = SD.
*Derived from the t test.

The increased energy cost of spastic muscle has also been
reported in subjects with spasticity resulting from cerebral
palsys and multiple sclerosis.t”

Exercise training enabled patients to significantly increase
work time and work load. As reported elsewhere* those im-
provements were greater than cardiorespiratory aerobic para-
meters such as heart rate and blood pressure as reported in our
study and greater than oxygen consumption as reported else-
where.# It has been suggested# that cycling activity influences
motion efficiency, as reflected by improving workload and
time.

Participants in the study group improved in functional pa-
rameters such as step climbing (significantly) and walking time
and distance (nonsignificantly). This greater improvement in
step climbing over walking speed and distance may be due to
the type of training—leg cycling activity while sitting. The
patient performed repeated movements that included remark-
able knee flexion-extension motion—movements that are more
similar to step climbing. Compared with level walking, stair
climbing produces greater forces and moments, for example,
the significant knee flexion during ascent, which is necessary to
lift the foot onto the next step.18 Another possible explanation
asto why only step walking improved significantly may be that
step walking was the most energy-consuming activity of those
tested.

When looking at the distribution of independent walking
distance, we found a positive interaction between the age of the
patient and the impact of treatment on this variable. With
increasing age, there is aloss of muscle volume due to reduced
fiber size, particularly in the fast-twitch (type 11B) fibers. A
reduced size of these specific fibers would result in an increase
in the ratio of slow-twitch (typel) to fast-twitch muscle fiber in
an older person.’® After CVA, there is a reduction in the
proportion of slow-twitch fibers as compared with normal
muscle.20 Because aerobic training influences more slow-
twitch than fast-twitch fibers,1° there is an advantage for older
patients in this program.

Another possible reason for increased improvement from
aerobic training in elderly than in younger patients could be the
phenomenon of cocontraction, which increases with age.2t
CVA reduces muscular coordination, which appears as cocon-
traction. Aerobic training improves movement efficiency.
Therefore, young people with little cocontraction will improve
less with aerobic training than elderly people with much more
cocontraction.

The study group showed better balance while standing and
walking (“can or can not walk five meters without support,” as
evaluated with the SSS) compared with the control group. We
assumed that this difference in balance was due to the early and
prolonged reciprocal pedaling stimuli. Walking is a function
that requires a reciprocal movement. Training in an activity
that is similar to walking could be a reason for improved
balance while walking. The patients worked early—2 weeks

Arch Phys Med Rehabil Vol 84, November 2003
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Table 6: Prediction of Functional Walking Parameters and
Mobility by Using a Logistic Regression Model

Variable B SE OR 95% ClI

Distance*

Treatment/control 0.78 .49 2.19 0.3-5.75

Age -1.08 .52 0.33 0.12-0.94

Sex 1.71 .54 0.18 0.06-0.52

Neurologic score 1.69 .57 550 1.78-20

Age by treatment interaction 1.94 .43 8.16 1.7-17.21
Speed"’

Treatment/control 0.70 .49 2.03 0.76-5.39

Age -1.51 .54 0.22 0.07-0.64

Sex -1.31 .54 0.26 0.09-0.77

Neurologic score 1.77 .59 5.88 1.85-20

Age by treatment interaction 1.76 1.05 5.83 0.83-18.38
Stair climbing®

Treatment/control 145 .47 4.27 1.68-10.88

Neurologic score 1.12 .48 3.12 1.19-8.33
Mobility score!

Treatment/control 207 .85 7.99 1.51-31.09

Neurologic score 0.20 .05 1.25 1.09-1.38

*Walking 100m (yes/no).

"Walking .55m/s (yes/no).

*Climbing 1 flight of stairs (14 steps) (yes/no).
Walking 5m without aids (SSS).

after the event (as compared with the conventional treatment of
these patients)—and for an extended period in an upright
sitting position. In another study2?2 with CVA patients, which
demanded an early upright position (treadmill walking with
suspension), patient balance also improved. In addition, while
pedaling, the patients have to perform continuous trunk muscle
activity for stabilizing the dynamic activity of the lower ex-
tremities. As previously published, trunk muscles appear to
perform a balancing function during standing and walking.23
All of these factors contribute to the advanced balance ability
while standing in trained subjects compared with the controls at
the end of the study.

CONCLUSION

The results of this study show that early aerobic training at
the subacute stage of CVA improved some aerobic and func-
tional abilities in severely to moderately impaired stroke pa-
tients. Improved aerobic capacity and walking performance are
essential for independent living in these patients. Reduction of
cardiovascular risk factors (elevated blood pressure, resting
heart rate) is another important consequence of the program for
these patients.
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