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Cardiorespiratory Responses
to Aerobic Training by Patients
With Postpoliomyelitis Sequelae

David R. Jones, MA; Jennine Speier, MD; Kent Canine, PhD: Richard Owen, MD; G. Alan Stull, EdD

We examined the cardiorespiratory responses of 16 patients with postpoliomye-
litis sequelae to a 16-week aerobic exercise program. The patients exercised at
70% of maximal heart rate. Dependent variables were resting and maximal
heart rates, systolic and diastolic blood pressures, maximum oxygen consump-
tion, maximum carbon dioxide consumption, respiratory quotient, and maxi-
mum expired volume per unit time. The exercise group was superior to the
control group in watts, exercise time, maximum expired volume per unit time,
and maximum oxygen consumption. No untoward events or loss of leg strength
occurred as a result of the exercise regimen. We conclude that the aerobic
training program employed in this study is a safe, short-term procedure and that
patients with postpolio sequelae respond to training in a manner similar to

healthy adults.

IT IS estimated that the second most
prevalent condition that cauges residual
paralysis in American honseholds is po-
liomyelitis.' There probably are 400 000
polio survivors (paralytic and “nonpara-
lytic” persons) at risk for developing a
constellation of new medical problems
known as postpolio sequelae. After30or
more years of medical stability follow-
ing recovery from polio, survivors are
reporting some or all of the following
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symptoms: (1) fatigue, generally de-
seribed ag a feeling of extreme exhaus-
tion after minimal activities coupled
with decreased endurance; (2) new joint
and muscle pain; (3) progressive weak-
ness in muscles both affected and sup-
posedly unaffected by acute polio; (4)
new respiratory difficulties, including
sleep apnea, that necessitate a return to
ventilatory devices; and (6) cold intoler-
ance that contributes to muscle weak-
ness and discoloration of limbs, with
burning pain.

Many patients who report symptoms
are younger than 60 years, Beyond age
60 years, Tomlinson and Irving® and
others have estimated that there is a
normal age-related loss of anterior horn
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cells at 5% per decade. Thus, there must
be other processes that contribute to
this deterioration, including decreased
function or loss of overworked surviv-
ing anterior horn cells or impaired
neuromuscular transmission. Recently,
several workers have presented evi-
dence supporting failure of terminal ax-
onal sprout function, causing defective
transmission at the neuromuscular
junction,*®

Treatment of these problems pre-
sents a challenge. Overuse of muscles
that operate at maximal capacity with
minimal or no reserve can result in irre-
versible damage to muscle fibers, to ter-
minal axonal sprouts, or even to anteri-
or horn cells themselves.”

Use of exercise as a treatment modal-
ity for postpolio sequelae has come un-
der close scrutiny by the medical com-
munity because of fear of increased
muscle weakness resulting from over-
use. Health practitioners have discour-
aged vigorous physical activity. How-
ever, recent studies® report that a
reductionin prolonged strenuous activi-
ty combined with carefully prescribed
progressive resistance exercises and
cardiovaseular conditioning has a posi-
tive effect on both muscle weakness and
fatigue. Because of the paucity of re-
search dealing with the effects of condi-
tioning programs on postpolio survi-
vors, we investigated the effects of a 16-
week modified aerobic exercise
program on the cardiorespiratory fit-
ness levels of patients with postpolio
sequelae, More specifically, we exam-
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ined the changes in maximum oxygen
consumption (Vo,max), carbon dioxide
consumption per unit time (Vco,), ex-
pired volume per unit time (VE), and
work capacity as a result of an aerobic
conditioning program in patients with
postpolio sequelae :

PATIENTS AND METHODS
Patients

A total of 45 potential patients were
recruited via a postpolio newsletter,
from the outpatient clinic at Sister Ken-
ny Institute, Minneapolis, Minn, and
from among individuals currently living
in the Minneapolis-St Paul metropoli-
tan area who had polio hetween 1952
and 1959. Thirty-seven patients com-
pleted the study. The following inclu-
sion criteria were applied: (1) a history
of polio verified by hospital vecords, in-
volvement in selected epidemics, and/oxr
a history of paralysis with some subse-
quent recovery and stabilization of func-
tion; (2) 10 to 20 years of neurological
stability following the acute onset; (3)
present age between 30 and 60 years; (4)
adequate strength in at least one lower
extremity to pedal an exercycle (de-
fined as quadriceps and hip flexor
strength of at least 3/5 according to the
manual test [3 = antigravity]land hip ex-
tensors and knee flexors that possessed
at least 2 strength levels [2=motion
within a gravity-limited plane]); and (5)
arm and torso strength adequate to al-
low safe and stable positioning ona eycle
ergometer, By not including partici-
pants older than 60 years, the investiga-
tors attempted (1) to eliminate the con-
tribution of normal aging-related loses
of anterior horn cells, thus better as-
sessing the factor of muscle overuse,
and (2) to decrease the likelihood of oc-
cult cardiovaseular disease. »

Criteria for exclusion were (1) a diag-
nosis of diabetes mellitus, compression
neuropathies, radiculopathies verified
by electromyography, multiple sclere-
sis, amyotrophic lateral sclerosis, mus-
cular dystrophies, myasthenia gravis,
cerebrovascular accident, or spinal cord
injury; (2) ahistory of recent and/or pro-
longed (>3 months) steroid use; (3) a
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history of cardiovaseular disease, in- Table 1.~ Descriptive Statistics for the Control Group (n=21) and the Exercise Group {n= 1)

U

cluding eardiac arrhythmia, angina, un-
controlled hypertension, myoecardial
infarction, valvular disease, and con-
genital heart disease; (4) current partic-
ipation in any aerobic or muscle
strength training program; and (5) ab-
normalities on pretraining stress test-
ing. Patients with distal lower-extrem-
ity weakness (dorsi or plantar flexion)
were not excluded as long as they wore
an ankle-foot orthosis during exercise
or possessed adequate foot stability
when pedaling with the foot positioned
properly and strapped to the pedal. On
initial evaluation most patients de-
seribed a mild decrease in muscle
strength of affected limbs and moderate
problems with fatigue and endurance.
Applicants with severe progressive
weakness, atrophy, and fatigue were
excluded, and the participants were
self-gelected by their motivation to at-
tend an ongoing exercise program.,

Testing

Metabolic measurements were taken
at the beginning and end of the 16-week
training program. All patients signed
informed consent forms. Prior to initial
testing, patients were measured for
height and weight and were fitted with
electrodes to monitor heart rate (HR)
and any atypical coronary response to
exercise. After sitting quietly for 5 min-
utes, resting HR and blood pressure
were recorded.

Patients were positioned on a cycle
ergometer and feet were strapped se-
curely to the pedals. The testing proto-
col involved continuous exercise on an
electronically braked cycle ergometer.
Patients pedaled at 50 to 70 rpm
throughout the exercise test. During
the first minute of exercise, no resis-
tance was applied to the cycle ergome-
ter. After a l-minute warm-up, work-
loads were increased in 1-W intervals at
a vate of 20 W/min using a ramping pro-
tocol. This increase in magnitude was
designed to fatigue the patients in 5 to 8
minutes. The protocol was developed
specifically to eliminate local muscle fa-
tigue as the cause for test termination
prior to the attainment of Vo,max,

Patients pedaled at 50 to 70 rpm con-
tinuously until at least one of the follow-
ing: (1) oxygen consumption per unit
time (Vo) failed to increase with in-
creased workload; (2) the respiratory
exchange ratio exceeded 1.0; (3) cardio-
vascular abnormalities inclnding de-
creased HR or blood pressure response
to inereasing workloads or electrocar-
diographic abnormalities including fre-
quent or multifocal premature ventricu-
lar contractions or ST-segment dis-
placement of 2 mm or more oceurred; (4)
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‘ Before Training
Tm—
Dependent Variable Mean sD Mean SD
Control Group
Resting heart rate, beats per minute 85.9 14.6 83.5 1.8
Maximal heart rate, beats per minute 162.8 15.5 164.2 18.2
Resting systolic blood pressure, mm Hg 119.5 19.2 119.8 20,4
Resting diastolic blood pressure, mm Hg 77.8 10.6 76.9 88
Maximum systolic blood pressure, mm Hg 185.0 23.1 186.5 20.8
Maximum diastolic blood pressure, mm Hg 92.8 8.0 86,9 79
Watls 123.9 52.4 131.4 524
Exercise time, s 474.0 151.3 482.9 161.5
Maximum expired voiume, L/min 66.6 28.7 72.6 30.6
Maximum oxygen consumption, mk/min 1543.9 556,2 1603.8 609.6
Maximum carbon dioxide consumption, mL/min 1877.8 7758 1938.1 875.8
Respiratory exchange ratio 1.21 0.22 117 0.14
Exercise Group

Resting heart rate, beats per minute 80.7 9.8 75.0 8.5
Maximal heart rate, beats per minute 167.3 18.7 1621 13.8
Resting systotic blood pressure, mm Hg 121.6 19.9 116.9 16.8
Resting diastolic blood pressure, mm Hg 77.0 8.8 75,1 7.4
Maximum systalic blood pressure, mm Hg 188.2 24.1 181.0 247
Maximum diastolic blood pressure, mm Hg 92.9 11.6 88.0 8.1
Watts 123.5 36.6 145,56 34.8
Exercise time, s 457.1 103.3 526.2 1112
Maximum explrad volume, Limin 55,4 11.4 71.0 14.5
Maximum oxygen consumption, mL/min 15813.8 471.9 1739.9 5413
Maximum carbon dioxide consumption, ml/min 1791.5 510.6 2041.9 566.1
Resplratory exchanga ratio 1.18 0.14 118 0.13

volitional fatigue; and (5) inability to
maintain a pedaling cadence of at least
40 rpm. Cardiorespiratory variables
were measured using an exercise lab-
oratory (CAD NET System 2001, Medi-
cal Graphics Corp, St Paul, Minn), al-
lowing for continuous computerized
sampling, Data were recorded and av-
eraged over 30-second intervals.

The following metabolic variables
were recorded: (1) resting HR; (2) rest-
ing blood pressure; (8) maximal HR; (4)
maximal blood pressure; (5) Vo,max; (6)
maximum carbon dioxide consumption
(Vco,max); (7) respiratory exchange ra-
tio; and (8) maximum expired volume
(VEmax), At the completion of the exex-
cise test, patients were instructed to
continue pedaling against no resistance
for 2 to 3 minutes and were then placed
in a sitting position for recovery.

Training Period

After the preliminary stress test, pa-
tients were assigned randomly to either
a control or an exercise group. This al-
lowed both the attending physieian and
the techmician responsible for data col-
lection to be blinded observers. Two pa-
tients were excluded after the initial
test: one demonstrated a hypertensive
response to exercise and the other
showed significant ST-segment depres-
sion. The control group was instrueted
to continue with normal daily activities
and to refrain from starting any form of

aerobic or muscle strengthening exer-
cise programs for the duration of the
study.

Based on the pretest resulls, each pa-
tlent assigned to the exercise group was
provided with an individualized exer-
cise prescription. All patients trained
on a cycle ergometer at an intensity of
T0% to 76% of the reserve HR plus rest-
ing HR. Target HR was caleulated us-
ing the following formulas:

Reserve HR = Maximal HR — Resting HR
Target HR = (Reserve HR x k) -+ Resting HR

In the second formula, & varied between
0.70 and 0.75.

This protocol is used routinely in our
clinic and seems to represent the high-
est intensity of exercise that can be tol-
erated safely by this population, Pa-
tients were instructed to monitor
intensity by checking their pulse rates
at the carotid or radial artery during the
first 10 seconds after exercise. This val-
ue was multiplied by 6 to estimate exer-
cise HR. Patients were spot-checked
for accuracy throughout the training pe-
riod. Each patient reported to the lah-
aratory for training once per week, with
the remaining sessions performed on a
cycle ergometer in the home.

Patients were instructed to exercise
for 15 to 30 minutes per session, Most
patients started exercising 15 minutes
per session; after 4 weeks all had in-
creased the duration to 20 minutes. To
avoid the risk of overuse abuse prob-
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Table 2. Descriptive Statistics for Change Scores

CanGroup v
——

Exercise Group
—_—

Depondent Varinble Mean sh Mean sD
@gr_r_qixeart rate, beats por minute -24 16.0 -57 11.6
nglmu! heart rate, hoals por minute 1.4 10.5 4.8 8.9
@gyug systolic blood pregsure, mm Hg 0.3 20.8 -4.7 11.7
Rasting diastolic blood pressure, mm Hg -0,9 11.0 -1.8 6.6
Maximum aystolic blood pressure, mm Hg 0.5 15.6 ~72 16.1
Maximum diaglolic blood prossure, mm Hg ~5.9 10,9 -4.9 7.3
Watts 7.8 14.0 22,0* 15.2
Exorclsa time, 8 8.9 30.9 69,1* 42.9
Maximum expirod volumo, L/min 6.0 8.6 15.6% 14.2
Maximum oxygen consumption, mL/min 50,7 215.0 206.3* 289.5
Maximum carbon dioxide consumption, mL/min 60.3 287.3 250.4 436.1
Respiratory exchange ratio -0.04 0.22 -0.01 0.17

*Indicates vartables that were improved slgnificantly (P«,05) in the exerclse group.

lems of muscle fatigue, the exercise ses-
gions were  divided into preseribed
bouts of 2 to b minutes interspersed
with 1-minute rest periods., Patients
whose cardiovaseular endurance levels
on initial evaluation exceeded 6 meta-
bolie equivalents of oxygen consump-
tion were instrueted to begin with 4- to
h-minute exereise bouts, whereas those
at less than 6 metabolie equivalents of
oxygen consumption began with 2- to 3-
minute exereise bouts, The [requeney of
exereise sessions was three times per
week (exeepl Lwo patients who exer-
eised four times weekly) distributed
over the entire week,

For cach exereise session, patients
monitored and recorded the duration of
each uxeredse hout, the number of min-
ules exereised during the session, the
HR at cessation of each bout, and the
percecived exertion gl the conelusion of
cach bout. Palients rated perceived ex-
ertion aceording to the Borg Seale of
DPevecived lxertion, Both this and exer-
ciwe I wore considered in determining
the need Lo modify cach patients exer-
cise preveriplion,

A indicsted  proviously, patients
were required to axereise once per week
under the supervision of the investiga-
tor to document and reinforee adher-
enee to the exereise program and to
malte neeessary adjustments in the ex-
ercise  program. During the initial
stages of training, a numbar of patients
required a reduetion in the intensity
and/or duration of the exercise bouts.
[ixercise HRs were reduced by 6 to 12
beats per minute for some patients,
wherens  others, pavticalarly those
whose  exuercine  preseriptions began
with 4- Lo B-minute exercise bouts, were
instrueted to reduee the duration of the
bout to facilitate move rest within each
exarcise session, The absolute amount
of exercise remained unchanged as pa-
tients added more bouts of exercise to
accommadate the reduced duration.
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All patients were able to exercise at
their initially prescribed intensities of
exercise by the end of the fourth week.
Patients were instructed to inerease the
duration of the exercise bouts as their
muscles tolerated this change, Exercise
diaries were kept and reviewed weekly.
All changes were discussed and ap-
proved by the investigator at the week-
ly supervised exercise sessions. No ex-
ercise or control subjects participated in
other aerobic exercise programs during
the study. At the completion of the 16-
week training program, all patients
were retested on the cycle ergometer.

RESULTS

The mean duration of the exercise
houts over the 16-week training pro-
gram was 4,21 minutes. Each patient
trained an average of 20.33 minutes per
session for 2,89 sessions per week, The
mean training HR was 128.9 beats per
minute, which represented 69.2% of the
reserve HR plus resting HR.

Six patients withdrew from the
stucly, although none withdrew as a re-
sult of adverse effects of the increased
levels of physieal activity during train-
ing, Six patients in the exercise group
were eliminated from the study for the
following reasons: (1) failure to attend a
single exercise session; (2) serious ill-
ness of a family member; (3) fractured
hip at home; (4) the inability to complete
final tegting because of respiratory viral
infection; (b) extreme pain in pedaling
caused by a preexisting failed fusion of
forefoot bones; and (6) overtime at
work. Descriptive statistics for the car-
diorespiratory variables are presented
in Table 1 for the control and exercise
groups,

Change scores were calculated for
each patient by subtracting the pretest
score from the posttest score. The
means and SDs for the change scores for
the exercise and control groups are pre-
gented in Table 2.

The change scoves were grouped into
two categories for analysis, The first cat-
egory included the following cardiovaseu-
lar variables: (1) resting HR, (2) maximal
HR, (8) resting systolic pressure, (4) rest-
ing diastolic pressure, (5) maximal systol-
ic pressure, and (6) maximal diastolic
pressure. The second category included
the following work and respiratory vari-
ables: (1) watts, (2) exercise time, (3)
respiratory exchange ratio, (4) VEmax,
(5) Voymax, and (6) Vco,max. The rela-
tive changes were compared using multi-
variate analysis of variance, and the sta-
tistical test performed was Hotelling’s
T* The analysis for the cardiovascular
variables failed to demonstrate any
significant effect; therefore, no further
analysis was applied to the first
category.

For the second category, the Hotell-
ings 7'* value of 1.334 was significant
(P<.05), which indicated a need for
further analysis. Thus, unpaired Stu-
dents ¢ tests were performed to deter-
mine which of the individual varisbles
responded to the exercise program. The
results of those analyses revealed that
the exercise group was significantly
(P<.05) superior to the control group in
watts, exercise time during testing,
VEmax, and Vo,max.

COMMENT

During testing, only 2 of 37 patients
failed to attain a respiratory exchange
ratio of at least 1.00. The lowest record-
ed ratio was 0.97 and the highest was
1,37, with a mean of 1.20, In addition,
every patient achieved at least one of
the predetermined cardiovascular end
points for test termination, The mean
maximal HR attained during testing
was 161,86 beats per minute, This maxi-
mal HR closely approximated the age-
predicted values for normal patients on
a ¢ycle ergometer.” These results pro-
vide strong evidence to suggest that de-
spite their compromised neuromuscular
status, patients with postpolio sequelae
can achieve a workload sufficient to elie-
it a true Vo,max.

The continuous ramping protocol,
which involves increasing the workload
by 20 W/min in 1-W inerements, was
effective in eliciting Vo,max prior to the
onset of muscular fatigue. None of the
patients presented any overuse symp-
toms associated with a one-time max-
imal effort on the cycle ergometer. No
difference between the bulbar and
nonbulbar patients in VE was observed
at rest or during maximal exercise.
During initial testing, the mean VEmax
for bulbar patients was 65.2 L/min and
for nonbulbar, 65.4 L/min. The exercise
and control groups were comparable on
all dependent variables at the beginning
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of the study.

Although six patients withdrew from
the exercise group, none failed to com-
plete the training program because of
any adverse effects agsociated with the
exercise protocol. In pretesting and
posttesting of knee flexion and exten-
gion using isokinetic strength measure-
ments (Cybex), not one experimental
patient experienced any strength dec-
rement after training. The six experi-
mental patients who dropped out of the
study did so either for personal reasons
or because of illness or injury unrelated
to the experiment.

It was, however, necessary to make
minor modifications in the exercise pre-
scriptions during the first 4 weeks of
training. The duration of the individual
exercise bouts was reduced to 2 to 3
minutes for geveral patients whose orig-
inal preseriptions called for bouts of 4 to
5 minutes. Although the original exer-
cise presecriptions for duration were
based on the metabolic equivalent of ox-
ygen consumption levels attained dup-
ing initial testing, this procedure was
not effective. It is recommended, there-
fore, that in an aerobic training program
such as this for patients with postpolio
sequelae, a more conservative approach
be followed and initial bouts range be-
tween 2 and 3 minutes in duration.

During the first several weeks of
training, three patients were unable to
maintain throughout the entive bout the
prescribed training intensity of 70% of
the regerve HR plus resting HR, Conge-
quently, the initial intensity was
reduced to approximately 60% and then
increased gradually. All patients were
able to complete their exercise bouts at
an intensity of 70% of reserve HR plug
resting HR by the fourth week.

Three exercise sessions per week
provided an adequate training stimulus
to demonstrate gains in (1) watts at-
tained during testing, (2) duration of
testing, (8) Vi, and (4) Vo,max, With
the exception of two patients who exer-
cised 4 days per week, at leagt 1 day of
rest wag Interposed between training
sessions, The two patients who trained
four times weekly improved their
Vo,max values by just 4%, whereas the
mean gain for the exercise group was
15%. This result was unanticipated in
that the initial Vo,max values for the
two patients who trained four times per
week were 1167 and 1164 mL/min,
whereas the overall mean for the ex-
ercise group was 1518 mL/min. This
suggests that those two patients began
training at a lower level of conditioning
than their fellow patients and would,
therefore, be expected to demonstrate a
higher response to the training, It is
possible that although their initial
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Vo,max values were considerably below
the mean, those two patients were ac-
tually closer to their Vo,max values at
the beginning of training than their fel-
low patients in the exercise group, An-
other possible explanation 18 that for
patients with postpolio sequelae, it s
important that at least a full day of rest
be provided bhetween vigorous exercige
sessions to allow for full recovery from
the previous session,

The 15% improvement in Vo,max by
the exercise group is consistent with the
results for healthy adult men of approxi-
mately the same age. For example,
Ribisl"  reported an increase in
Vo,max of 14% following 20 weeks of
training, Wilmore et al” reported an
increase of 10% after 10 weeks, and
Naughton and Nagle® reported an
increase of 18% after 28 weeks. In each
of these studies, the mean age of the
patients was 40 to 41 years, and exer-
cise sessions were held three times per
week, Thus, the regults of the present
study indicate that patients with
postpolio sequelae respond to an aero-
bie training program with increases in
Vo,max of a magnitude similar to nor-
ma), healthy adults of the same age
range,

Of 16 patients in the exercise group, 4
had significant preexisting muscular at-
rophy and weakness in one leg, 1 of
whom required bracing for exercise,
None of these patients demorstrated
any overuse abuse symptoms during
the training period. To the contrary,
patients with preexisting atrophy
seemed to experience the preatost
amount of benefit from the training pro-
gram, Their relative improvement in
Vo,max was 26% compared with & mean
improvement of 15% for the entive
group. Thus, it seems that patients with
postpolio sequelae who possess sulfi-
clent strength to pedal a eyele ergome-
ter can profit from an aerobic training
program such as the one employed in
this study, and neithey preexisting abro-
phy nor a need for bracing duving exer-
clse 18 a contraindication for participa-
tion, All exereise patients thought that
endurance had improved and that fa-
tigue with normal daily activities had
decreased. No one veported additional
musele weakness and most thought that
lower extremity strength had in-
creased, which was confivmed by {sokin-
etic strength measurements.

Both the use of (1) a day of rest be-
tween exercise sessions and (2) mini-
regte of 1 minute hetween exercise
bouts can decrease the likelihood of
overnse effects. This might be sufficient
time for metabolic vecovery of the ante-
rior horn cells, axonal gprouts, neuro-
muscular junetion, and muscle fibers

themselves, This lack of sustained de-
mand might allow a patient with Postpo-
lio sequelae to gain czu'diorespiratory
endurance while minimizing chances of
terminal axonal damage as well ag g].
lowing sufficient recovery/reinnervy.
tion, The effects of aerobic conditioning
also might improve muscular and neurg.
nal oxygenation that can delay the onget
or progression of postpolio sequelae,

Currently, there ix little knowledge
of the effects of long-term aerobic exer-
cise participation on the development or
progression of postpolio syndrome. We
plan to study patients with postpolio
syndrome using the protocol over sey-
eral years to determine the benefits or
visks of aerobic conditioning, This study
indicates that patients with postpolio
sequelae and adequate strength to ped-
al a eycle ergometer can exercise safely
at an TR of at least 70% of the reserve
HR plus resting HR, Such patients
seem to experience Improvement in ear-
diorespiratory fitness as a consequence
of exercise comparable with that of age-
matehed healthy counterparts,
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