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Abstract

Thirty-nine subjects, mean age 67, range 43-92 years, with a
leg amputation because of peripheral vascular disease were stud-
ied during prosthetic rehabilitation. They had a history and rest
electrocardiogram (ECG) examination which revealed cardiac prob-
lems in more than half of the subjects. They performed a graded
exercise ECG test within three weeks of starting the rehabilita-
tion program. Their walking ability at the end of the program was
classified and compared with the exercise test findings.

The test was performed on a specially designed arm ergometer per-
mitting coordinated use of the arm and large trunk muscles. Car-
diac condition was judged by the achieved peak heart rate (mean
124 + 3.6 (SEM) beats per minute) and observed ECG abnormalities.
ST-segment depressions of more than #.1 mV were observed in four-
teen subjects and aberrant beats in eight subjects. These exer-
cise findings are in addition to the known cardiac problems. The
mean peak work load obtained during exercise testing was 63 # 3.4
(SEM) Watt. It was concluded from these results that the average
cardiac and physical condition in vascular leg amputees is poor.

only one of the five bilateral amputees included in the study be-
came capable of prosthetic walking indoors with a walking frame.

Of the thirty-four unilateral amputees all but two became able to
walk with a prosthesis of whom twenty-one outdoors for more than

40 metres.

The unilateral subjects only capable of walking indoors revealed
significantly lower mean values for both peak heart rate and peak
work load than those walking outdoors.

Introduction.

Eighty to ninety percent of the some 2800 leg amputations
performed annually in the Netherlands, are because of circulatory
problems caused by peripheral atherosclerosis (15). Combined with
the relatively high age of the patients with a vascular indicated
leg amputation (50-9@ years) this gives rise to the assumption
that the cardiac condition is diminished in a significant number
of these patients.

Despite this assumption quantitative data on the cardiac condi-
tion of this population is scarce. Influence of the cardiac con-
dition on the rehabilitation was mentioned by Hamilton (11) and
peizer (14). However, to our knowledge only Kavanagh (12) re-
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ported on the cardiac condition of a group of elderly Canadian
amputees which he investigated by exercise testing.

It is important to detect subjects with a poor cardiac condition
before starting a prosthetic rehabilitation program aimed at the
restoration of the walking ability. A poor cardiac condition may
increase both the risk of coronary accidents during the rehabili-
tation process as well as influence the progress of the rehabili-
tation. These aspects are in addition interrelated; a high coro-
nary risk imposes or possibly should impose certain restrictions
in the rehabilitation program in order to remain within safety
limits. Also patients with a poor cardiac condition are possibly
less inclined to exert themselves to the same degree as non car-
diac subjects.

As preliminary results of a study (8) we observed relatively
high cardiac loads during walking exercises by vascular amputees.
This was not unexpected in view of the following considerations:

- Comparison of non-amputees walking at the same speed as
trained amputees with leg prostheses showed an increased energy
consumption ranging from 16 percent in unilateral below-knee am-
putees to 49-109 percent in unilateral above-knee amputees (7,9).

- An even higher energy consumption is expected when un-
trained amputees are learning to walk again, where the additional
effort has to be accomplished by an uncoordinated gait pattern.

- In the period before and after their leg-amputation the
subjects have led a sedentary life which has diminished their
physical condition.

Since information concerning the vascular legamputees is scanty,
we decided to evaluate the cardiac condition of this group and to
relate it to the degree of prosthetic walking attained at the end
of the rehabilitation process.

Graded exercise testing has been used with increasing frequency
in the diagnosis of coronary artery disease. Furthermore exercise
tests performed according to a suitable protocol provide valuable
diagnostic information about the functional capacity of the car-
diovascular system and form a rational basis for recommandations
on physical activities in these. patients (4,6).

During this study we subjected all vascular leg amputees admitted
to our rehabilitation centre during a certain period to graded
exercise testing in order to obtain an impression of their cardi-
ac condition and physical work capacity.

For the sake of this study we defined cardiac condition as the
peak heart rate (PHR) obtained during graded exercise testing
without objective (as observed on the electrocardiogram (ECG)) or
subjective (as stated by the patient) cardiac problems. The heart
rate is considered to be a good index of the myocardial oxygen
consumption, (14) and can therefore be used as an index for the
cardiac load. Similarly the peak heart rate is an index for the
peak cardiac load.

The measure used for maximum physical work capacity was the peak
work load obtained during the test. Because there is no evidence
"of a linear relation between the work load and the heart rate in
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elderly leg amputees performing rowing ergometry (see Methods),
as there is in bicycle ergometry in healthy subjects, we used
both measures for evaluation.

As we were primarily interested in the cardiac load rather than
in the sheer physical work capacity we did not perform respirato-
ry measurements. This meant that a considerable burden for these
elderly patients was avoided.

The group of vascular leg amputees was examined without selection
in order to obtain an impression of unknown aspects such as:

- the cardiac condition of amputees initiating a prosthetic
rehabilitation program

- the exercise-induced cardiac problems as visualized on the
electrocardiogram.

- the obtained peak heart rate provoked by exercise testing
as a measure of the cardiac condition

- the applicability of graded exercise testing in these pa-

tients

The rehabilitation result, defined as the degree of prosthetic
walking attained was established at the conclusion of the reha-
bilitation program. These results were compared with the findings
of the exercise test performed at the initiation of the rehabil-
itation program. This comparison provides an impression whether
there is a relation between a patient's exercise test performan-
ces at the beginning and the prosthetic walking result at the end
of the rehabilitation program.

In another study we investigated the implications of a poor car-
diac condition for the prosthetic rehabilitation progress and re-
sults. Therefore, besides the measurements presented in this pa-
per, levels of cardiac load induced by performing various reha-
bilitation exercises are also recorded. The preliminary results
will be presented by Cruts, (8).

Knowledge of a patient's cardiac condition and the cardiac loads
as induced by specific exercises can be used by the physiother-
apist to stay within safe levels of activity, while optimizing
therapeutical intensity.

Methods

- Patients.
The Roessingh rehabilitation centre in Enschede in the Nether-
lands admits leg amputees for prosthetic rehabilitation after
their discharge from hospital. Patients with a leg amputation
because of peripheral vascular disease who started a prosthetic
rehabilitation program at the Centre in the period January 1982 -
May 1983 were included in this study. The population consisted of
28 men and 11 women with a mean age of 67.4 ranging 43 to 92
years.

The level of the unilateral leg amputations in men (women) were
in 7 (6) cases above-knee amputations, in 9 (2) cases through-
knee and in 8 (2) cases below-knee amputations. Of four male
bilateral leg amputees two patients had both through-knee amputa-
tions, one patient had two below-knee and one patient had one
above-knee and one below-knee amputation. One female patient had
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two below-knee amputations.

All patients had a complete history and physical examination. A
standard 12-lead electrocardiogram was obtained immediately be-
fore the exercise test. All patients had a history of peripheral
vascular disease. Additional diagnosis included 18 cases of
diabetis mellitus. Other non cardiac factors present that could
adversely effect the prosthetic rehabilitation were: cerebral
vascular accident (3 patients), blindness (2), deafness (1),
arthritis (1), lung embolism (1) and Parkinson's
disease (1).

- The exercise test.
The graded exercise test was performed on a specially designed
ergometer (1), as shown in figure 1. It consists of a load unit
on which the seated patient exercises by turning two cranks
against a variable torque. Both cranks point in the same direc-
tion so the patient pushed or pulled with both arms simultaneous-
ly during exercise. The resulting rotation permitted coordinated
trunk movement with the use of large body muscles. We called the
apparatus provisionally a rowing ergometer.

Figure 1.

The rowing ergometer
in operation.

The patient took a seat on the ergometer chair which was posi-
tioned at wheelchair height. The patient was secured with a hip
seat belt and swiveled into the exercise position. The height of
the chair was adjusted and fixed so that the fulcrum of the
cranks was at shoulder height and the load-unit position was ad-
justed to the length of the patient's arm. The patients were
asked to maintain a speed of 5@ revolution per minute although
the load controlled by the load unit (make Lode) is in a wide
range independent of the rotational speed. The speed was indi-
cated by means of green and red lamps that were easily inter-
preted by patients who were visually handicapped.

The test work-load protocol was set at zero load to allow the
rotating parts of the ergometer to attain working speed, followed
by an initial load value of 30 Watt. This load was increased
every minute by 1@ Watt until the patient was unable to continue
the exercise or the physician stopped the test.
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As stated before we used the ECG to detect an upper limit in the
attainable cardiac load. If an ischaemic response or rhythm
disturbances occured, the heart rate involved was considered the
maximum cardiac load. The detection of ST segment depression,
abnormal beats and rhythms were required for this analysis of the
ECG. If no ECG abnormalities were encountered, maximum cardiac
load was identified as the heart rate obtained at maximum work
load, were the patient was unable to continue the test.

The electrocardiogram was recorded using the bipolar leads CC5
and CM5 (3). The baseline drift and noise components over 108 Hz
were removed by a hardware linear phase bandpass filter (1). The
heart rate was recorded continuously by an Apple-II computer that
also controlled the ergometer load protocol. The unfiltered and
filtered ECG's were recorded on a Siemens Elema Oscillomink for
10 seconds every minute. Arterial blood pressure was measured
before and within 15 seconds after conclusion of the exercise.
The tests were performed under supervision of a cardiologist,
who also performed the history examinations and judged the rest
ECG and exercise ECG findings.

-~ Quantitative evaluation.
Besides the simple on-line processing and monitoring as described
previously, the ECG's were analysed from an analog test record-
ing. The processing by a computer system consisted of digital
filtering, beat detection and morphological beat classification.
Averaged beats were obtained from e2ach morphological class and
kept up-to-date (2). The heart rate versus exercise time were
presented, as were the percentage of ECG beats incorporated in a
specific morphological beat class. Morphological and time para-
meters were plotted after computer measurement from the most
prominent beat class, containing the "normal” beats. Figure 2
shows a typical example of averaged beats and presents the mor-
phological development of a beat class with the exercise time.
The morphological parameters were measured on this type of aver-
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Figure 2. Typical example of averaged ECG beats presenting the

morphological development of beat classes during
exercise testing. The parameters plotted are: class number; age,
a measure to remove unsuccessful classes; time, the time in
minutes after the start of the test; new, the number of beats
incorporated in the class
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Results

- History and rest ECG findings.
Past myocardial infarction documented by history and characteris-
tic evolutionary changes on the rest electrocardiogram were ob-
served in nine patients. Further cardiac problems included four
cases of left ventricle hypertrophy, three of bundle-branch
block, three of essential hypertension, four of atrial fibrila-
tion and one of mitralis insufficiency. These cardiac problems
were diagnosed in 21 of the 39 subjects. Thirteen patients were
on digoxine therapy and eight patients used beta-blocking agents.
These therapies were continued during the test period.

- Graded exercise test findings.
Of the 39 patients, two were unable to perform the test, that is
they were unable to continue the rowing exercise at the initial
load value of 3P Watt for half a minute. One because of anaemia
and the other because of polyneuropathy.
The peak performance in the exercise test in terms of peak work
load and peak heart rate are shown in the histograms of figure 3.
The mean peak work load was 63 Watt + 3.4 SEM and the mean peak
heart rate was 124 beats per minute + 3.6 SEM. The shadowed part
of figure 3 represents the patients showing cardiac problems
known from their history and rest ECG.
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The mean of the increase in heart rate between rest and peak
heart rate was 43 beats per minute + 3.0 SEM. This figure did not
change when the subjects using beta- blocking drugs were removed
from the group.

The mean slope of the increase of heart rate versus the increase
in work load during exercise was .72 + @.85 (SEM) beats per min-
ute per Watt.

In fourteen patients ST-segment depressions of more than 1 mm
horizontal or down sloping were seen in the ECG at peak work load
leading to early termination of the test in one patient. Of these
patients five also showed a similar ST-segment depression at
rest, previous to the exercise test. Digoxine therapy was used by
eight of the fourteen patients, which made it uncertain whether
the ST-depression was of ischaemic origin. In figure 4 these fin-
dings are specified in relation to peak work load and peak heart
rate.
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During the exercise test on three patients aberrant beats were
seen during exercise and exceeded with one patient for more than
1¢% of all beats in a 39 second period. Four patients had aber-
rant beats within five minutes of concluding the exercise with a
peak percentage ranging from 8 to 12. One patient showed aberrant
beats during exercise, with a peak of 16 percent, and during re-
laxation, with a peak of 13 percent, but also showed ventricular
extra systole at rest. Presence of aberrant beats caused no early
test terminations.

In those patients where the subjective stop criteria were noted,
was this for 59 percent due to general fatigue, for 18 percent
arm muscle fatigue and for 23 percent the unability to maintain
the desired rotational speed. No patient terminated the test be-
cause of chest pain.

The individual test data in terms of peak heart rate versus peak
work load are presented in figure 5. In this figure the patients
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Figure 5. Individual exercise test data. patients who were on
digoxine therapy or used beta-blocking agents are
marked as such.

who were on digoxine therapy or who used beta-blocking drugs are
marked. In an attempt to compare the peak heart rate with normal
subjects of the same age we were confronted by a lack of data of
this age group. Therefore we decided to use the moderate extra-
polated relations of AF Calvert (5) that were obtained in normal
subjects aged 16-62 years. The relations are presented in the
following expressions:
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PHR (AGE) = 2061 - 0.6 x AGE (+ 11 SE) (male)
PHR (AGE) = 192 - 8.7 x AGE (+ 12 SE) (female)

AGE is the age in years of the subject.
PHR (AGE) is the peak heart rate predicted for age in beats per
minute in normal subjects performing graded bicycle exercises.

Related to this expression our patient group reached a mean value
of 80 + 2.3 (SEM) percent of the peak heart rate predicted for
age, which is significantly different from 180 percent. A histo-

gram of the distribution of these percentages is shown in figure
6.
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- prosthetic rehabilitation result.
The result of the completed rehabilitation program is classfied
according to the level of walking with a leg prothesis. We dis-
tinguished three levels.

Level 1: Conclusion of rehabilitation without a leg
prothesis.

Level 2: Ability to walk with a leqg prothesis with the help
of a walking frame. The radius of action is less
than 40 metres, and only suitable for walking
indoors.

Level 3: Ability to walk with a leg prothesis for more than
40 metres, with or without the use of a walking
stick or crutches. Able to walk outdoors.

Of the bilateral leg amputees three were classified at level 1,
one at level 2 and one has not yet completed rehabilitation af-
ter 8 months of treatment.

The thirty-four unilateral leg amputees have all completed their
prosthetic rehabilitation. Two of them were classified at level
1, one of whom suffered a cerebral vascular accident during the

rehabilitation period, eleven at level 2 and the other twenty-one
at level 3.

- Relation between rehabilitation result and exercise test.
In figure 7 the results of the completed rehabilitation programs
of unilateral amputees were classified in the three level scale
and arranged in histograms according to peak heart rate and peak
work load. Figure 7b shows that subjects who achieved a peak work
load of more than 68 Watt all attained the highest rehabilitation
level.
The mean performances of unilateral amputees during the exercise
test were significantly different for the ten subjects who
achieved prosthetic walking level 2 from those twenty-one who
achieved level 3. Their mean peak heart rates were respectively
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113 + 7 (SEM) and 138 #* 4 (SEM) beats per minute, and their mean
peak work loads were respectively 44 + 3 (SEM) and 71 # 4 (SEM)
Watt. -

Figure 7.

Histograms of unilateral amputees
achieving a specific level of
prosthetic walking versus their
performance during exercise testing
at the start of rehabilitation.
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Conclusion
cardiac problems are common in elderly vascular amputees as shown
in this study. Although these findings are pot compared with a
normal group of the same age, the information is of importance
because the amputees are initiating a program of rehabilitation
exercises known to provoke high heart rates.
More than half of the amputees had a known history of myocardial
infarction, regular digoxine therapy or an abnormal rest ECG.
Electrocardiography during exercise testing added previously
unrecognized cardiac problems indicated by ST segment depression
and the presence of aberrant beats. From these findings a
cardiologist can determine a maximum safe heart rate for a
specific patient while exercising, as an indication for the
physiotherapist.
Differences in maximum heart rate and work capacity in previous
studies relate to the individual population evaluated, the
physical fitness of the group, the form of exercise stress
applied and the exercise protocol utilised (5). A disadvantage of
leaving out respiratory measurements was that the endpoint of the
exercise test was determined by the patient which therefore
included a certain subjective bias (13). Because of the
subjectivity of the endpoint of the test in patients who reached
their peak heart rate trouble-free, this may not be the maximum

attainable.
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The maximum work capacity as indicated by the peak work load
during rowing exercise with a mean of 63 Watt seems low,
indicating a poor physical condition. Here comparison with a
normal group of a similar age is missing.

In spite of their poor cardiac and physical condition, of the
thirty-four unilateral amputees, all but two where able to walk
with a leqg prothesis at the end of the rehabilitation program. A
global comparison between the initial exercise test findings and
the rehabilitation results shows that patients with a maximum
work capacity of more than 68 Watt achieved the ability to walk
outdoors with a prothesis.

Thirty-eight percent of the patients with a lower work capacity
achieved the same rehabilitation level.

Rowing exercise with ECG recording is an applicable way of
exercise testing in vascular leg amputees that provides measures
for cardiac condition and physical work capacity. The findings
can be used to advise safe heart-rate limits for rehabilitation
exercises, preventing cardiac problems becoming dominant. It is
not possible to predict the prosthetic rehabilitation result from
the initial exercise test findings. A good performance indicated
by a high peak work load and a high peak heart rate increases the
change on a good prosthetic rehabilitation result.
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