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CARDIOPULMONARY FUNCTION IN THE LONG TERM HEMODIALYSIS
PATIENTS DURING BICYCLE EXERCISE

BAII-JIA YANG' , HAN-SHIANG CHEN?
JIN-SHIN LAI®, PUI-LAN WONG*
TUN-JUN TSAI*

Long term hemodialysis of uremic patients can keep on their living, but they still have many pro-
blems like severe anemia, atherosclerosis, and decreasing physical fitness, etc.

In this report, a symptomatic maximum bicycle exercise test was given to 19 male and 11 female
uremic patients who were in stable condition. This test was administered some 18-36 hours after hemo-
dialysis. The patients experienced a progressive increase of resistance on the bicycle until the patient
couldn’t tolerate it. During exercise, oxygen uptake (VO2), pulmonary ventilation (VE), respiratory ex-
change ratio (R) and heart rate (HR) were measured breath-by-breath with a MGC-2000 system and
lactate level was determined by the enzymatic method in the venous blood sampled 5 minutes after
maximal exercise. The results were compared with the data of 43 male and 19 female healthy adults
who had similar physical characteristics.

The mean values (+S5.D.) of maximum O2 consumption per Kg body weight in male & female
uremic patients were 21.4 (x5.5) and 16.0(+2.8) m}/Kg/min, which were significantly lower than those
respective values in normal males and females (48.3 £ 7.9 & 29.9 £ 4.3ml/Kg/min). This was due to the
decrease in the maximum heart rate and maximum O2 pulse. ’

The cause of decreased maximal heart rate in uremic patients may be due to the dysfunction of the
sympathetic nervous system. Also the abnormal lower 02 pulse may be due to anemia & the decreases
in myocardial contractility & oxygen extraction in skeletal muscle.

In cach case the uremic patients achieved a near normal respiratory exchange ratio which indicated
that they had worked up to their maximum physical capacity. But they still had a marked decrease in
physical fitness. So, how to improve the physical fitness of uremic patient is worthy of further study.

Department of Rehabilitation! and Internal Medicine? , Mackay Memorial Hsospital.

Department of Physical Medicine and Rehabilitation® and Internal Medicine® , National Taiwan Univer-
sity Hospital

Department ¢f Physical Medicine and Rehabilitation® , Provincial Taipei Hospital

Taipei, Taiwan, R.O.C.
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THE EXCITABILITY OF SPINAL MOTONEURONS IN STROKE PATIENTS

Hsin-Ying Chen*

Chue-Fun Chen 1-Nan Lien

* Department of Physical Medicine and Rehabilitation, Kachsiung Medical
College Hospital, Kaohsiung, ROC
Department of Physical Medicine and Rehabilitation, National Taiwan
University Hospital, Taipei, ROC

Thirty hemiplegics and 15 normal persons were enrolled in this study. Measuring the recovery time
of H reflex by dual stimulation technique to tibial nerve was performed to evaluate the excitability of
spinal motoneurons. it was found that the recovery time of H reflex in nommal persons and non-
hemiplegic sides of hemiplegics was 57.0 + 27.3 msec and 57.3 + 21.4 msec respectively. The recovery
time of hemiplegic sides was 37.5 + 12.8 msec and it was very significantly shorter than the normal ones.
The shortening of the recovery time showed good correlation with the neurological recovery as well as
the spasticity of the patients. These findings approved that with higher frequency of dual stimulation
the recovery time of H reflex is an useful index in the clinical evaluation of spinal motoneuron excitabili-

ty.

Key words: stroke, H reflex, spinal motoneuron axcitability

INTRODUCTION:

The H reflex, introduced by Hoffmann in 1918, is
accepted as a monosynaptic spinal reflex. The afferent
is Ia sensory fiber and the efferent is the alpha motor
neuron. Since it bypasses the muscle proprioceptors, it
can give a more direct measure of spinal motoneuron
excitability than the mechanically evoked stretch
reflex. In early 1950s, Magladery and associates found
that when the afferent nerve stimilus used to elicit the
H reflex was preceded at varying intervals by a
conditioning shock, the amplitude of the test H reflex
was affected. @) They noted that patients with any
type of UMN lesions had H recovery curves with earlier
recovery, more complete recovery, and less late de-
pression than had normal persons.

The present study employed the same technique
as that of Magladery, but focused on the refreactory
period of the H reflex after dual stimulations. The
purposes of this study were to find out normal
refractory period of H reflex in our laboratory and to
evaluate the spinal motoncuron excitability in
hemiplegic patients.

MATERIALS AND METHODS

Thirty hemiplegics were collected from the De-
partment of Physical Medicine and Rehabilitation of
National Taiwan University Hospital. Among them 12
were females and 18 were males. Their age ranged
from 30 -to 78 years with an average of 60.8 vears.
Fourteen cases were right hemiplegic and 16 cases were
left hemiplegic as the result of CVA., No case had
accompanied low back pain. The neurological deficits
ranked from hemiparesis to hemiplegia. The interval
between onset of CVA and stady was 10 days to 4
years, the mean duration was 9.9 months.

Fifteen normal persons, 10 females and 5 males,

were chosen as the control group. Their age ranged
from 47 fo 71 years, with an average of 54.1 years.
Neither of them had .any systemic disease, nor back
and leg pain.

The study was done in a quiet room. The room
temperature was kept around 20 - 25°C. A complete
neurological examination was performed in each case,
which included the deep tendon reflex and spasticity.
The motor function of hemiplegics was evaluated
according to Brumnstrom’s classification (stage
I-VIL2}  The subject was put in a prone position
with the feef hanging over the edge of the bed. Both
knees were extended and the ankles were kept at
neutral position.

The H reflex was studied by a Medelec MS-6
electromyographic machine using surface electrodes.
The stimulafing electrode was put alone the course of
the tibial nerve in the midpopliteal fossa. The cathode
was placed proximal to the anode. The active elect-
rode was put on the muscle belly of medial gastroc-
nemius muscle, 12 cm below popliteal crease, and the
reference electrode was distal to the active one. A
single stimulation with 0.2 msec duration and 75-150V
voltage was first applied to get a maximal H reflex.
Then dual stimulations wete applied with the same
duration and voltage. The frequency of dual stimula-
tion was one per second, There were two successive H
reflexes elicited after the two successive stimulations.
(Figure 1) The interval between these two stimulations
was decreased from 130 msec gradually till the second
H reflex completely diminished. The least adjustable
interval was 20 msec in our MS-6 EMG machine. The
first I reflex was named conditioning H reflex and the

second one was test H reflex, following that by
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OlsentS?  During the moment, that interval was
designeated as the recovery time of H reflex.

The hemiplegic patients were classified into two
groups. Those who had motor function above Bruan-
strom stage IV were defined as good metor group and
those who did not reach stage IV as poor motor group.

RESULTS

The recovery time of H reflex in normal controls
and hemiplegics were shown in table 1. In control
group, the recovery time ranged from 25 to 110 msec,
with a mean of 57.0 msec. There was no significant
difference between right sides (56.7 + 27.0 msec) and
left sides (57.3 + 28.6 msec). In study group, the
recavery time of hemiplegic sides ranged from 20 to 60
msec, and that of non-hemiplegic sides ranged from 30
to 120 msec. The mean recovery time of hemiplegic
sides was 37.5 nsec, and that of non-hemiplegic sides
was 57.3 msec. The recovery time of H reflex of
hemiplegic sides was very significantly shorter than
that of non-hemiplegic sides and that of normal con-
trols (P<<0.0005).

The difference of the recovery time of H reflex
between both sides in control group was 0 to 20 msec
and it was nearly equal between both sides. (Figure 2}
In study group, the recovery time of both sides was
not equal. (Figure 3) The difference of the recovery
time between non-hemiplegic and hemiplegic sides was
_5 to 85 msec and the former was usually longer than
the latter.

Table 2 shows that the recovery time of H reflex
in good motor group (42.0 £ 12.1 msec) was signi-
ficantly longer than that in poor motor group (33.0%
12.4 msec) (P<0.025).

As regard to the severity of spasticity, it showed
that the recovery time of patients with spasticity (32.5
+ 10.5 msec) was significantly shorter than that of
patients without spasticity (41.9 £ 13.4 msec) (P«
0.025). (Table 3)

DISCUSS)

Several studies had utilized the H reflex recovery
curve after dual stimulation to evaluate the excitability
of spinal motoneurons in normal persons and patients
with spasticity and rigidity (3-8 As shown in figure 4,
normal subjects showed “early facilitation” about 8
msec after a iminal afferent conditioning volley. The
H reflex amplitude then gradually decreased as the
stimulation interval was increased to 20 msec., From
20 msec to approximately 100 msec there was a
complete inhibition of the H reflex called “early de-
pression”.  As the stimulation interval was further
extended, there was gradual recovery of the H reflex
amplitude. This recovery was followed by a stage of
“late depression” at stimulation intervals of 400 to
800 msec. After a stronger conditioning volley, the H
reflex recovery curve showed no early facilitation, the

recovery from early depression was delayed and the
overall recovery of the curve was reduced. In patients
with any type of upper motor neuron lesion, the H
reflex recover; curve had earlier recovery, more com-
plete recovery, and less late depression than that of
normal persons.‘3? The main clinical drawback of this
method is that considerable time is required to measure
the H amplitude and plot the curve. This study also
employed the dual stimulation technique with maxi-
mal H reflex but only the recovery time of test H
reflex was recorded. The recorded recovery time is
defined as the refractory period of S-1 motoneurons,
and we presumed that physiologicaily it represents the
excitability of the motoneurons.

The physiological aspects of the refractory period
of H reflex are complex and remain unsclved. A
number of factors have been proposed.(!! Renshaw
cell inhibition of the alpha motoneurons could account
for the first 5 to 15 msec of this period. Laterin this .
period. b fibers carrying impulses from the Golgi
tendon organs would further depress the alpha moto-
neurons. The other factor might be the reduction of
the facilitory Ia impulses to the alpha motoneurons
because of the unloading of the musele spindle by the
muscle twitch.

In previous reports, the recovery time of H reflex
was not a pood indicator of the excitability of spinal
motoneuron. It was only a parameter in the recovery
curve of H reflex because the difference of the
recovery time of H reflex between normal persons and
patients with UMN lesions was variable. Olsen et al
reported that the recovery time of H reflex in normals
and patients was identical (30 + 3 msec)."*? The result
of Miglietta’s study showed that the recovery time of
H refiex in normals and either side of hemiplegics was
40 msec.'*) On the contrary, Yap noted that there was
a shift of the recovery point o the left of the normal
group {63 * 13 msec) for the pyramidal group (40 +
17 msec).t8)  The major difference of technique be-
tween these two groups of studies is that the frequency
of dual stimulation of the former group was less than
6 per minute and that of the latter group was more
than 6 per minute. The higher the frequency is given,
the more suppression effect is shown on H reflex. The
frequency of dual stimulation in the study was 60 per
minute. The results showed that the recovery time of
normal controls and non-hemiplegic sides of hemiple-
gics was identical and it was very significantly longer
than that of the hemiplegic sides. So the difference of
the recovery time of H relfex betweszn normals and
patients will become more apparent under higher
frequency of dual stimulation.

There was good equality between both sides of
normal controls no mater what the value of the
recovery time was. The equality was lost in hemip-
legics and the recovery time of non-hemiplegic sides
was usually longer than hemipiegic sides. This pheno-



menon indicated that there is parallel relationship
between the recovery time of H reflex and the change
of spinal motoneuron excitability.

In the studies of Olsen et al®? and Yap(s}, the
patients with spasticity were regarded as the group of
upper motor neuron lesion involving the pyramidal
tract. By employing dual stimulation with maximal H
reflex, Qlsen et al found that in spasticity the increase
in excitability was the same whether this was severe
or mild.®®) In this study, the presence of spasticity
represented a more severe stroke. By applying higher
frequency of dual stimulation, the shortening of the
recovery time of H reflex showed good correlation
with the neurological recovery and the spasticity of the
patients. However, due to the small sampling size, the
linear relationship between the recovery time of H
reflex and the severity of stroke (Brunnstrom stage I—
V1 and spasticity £~ +++%) was not established vet.

The results of this study approved that with
“higher frequency of dual stimulation, the recovery
time of Hreflex is an useful index in the clinical evalua-
tion of spinal motoneuron excitability.
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Table 1. The recovery time of H reflex in hemiplegics
and normal controls

No. Range (msec) Mean = SD (msec)
Control group 30 25-110 57.0+ 273 a
Right side 15 25-110 56.7+27.0 b
Left side 15 25-110 57.3+x286 ¢
Study group
Normal side 30 30-120 573214 d
Hemiplegic side 30 20-60 375+ 129 ¢

Paired t-test: bvsc,NS
d vse, p < 0.0005

Student’s t-test: a vs d, NS

avse, P<0.0005

Table 2. The relationship between the recovery time of H reflex
and the neurological recovery of hemiplegics

Good motor group

N=15

Poor motor group
N=15

Recovery time 42,0+ 12.1 msec

33.0+ 12.4 msec P < 0.025

Student’s t-test
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Table 3. The relationship between the recovery time of
H reflex and spasticity

No Recovery time

Spasticity (%) 14 32.5% 10.5 msec
Spasticity (—) 16 41.9 £ 13.4 msec P<0.025

Student’s t-test
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Figure 2. Symmetrical distribution of the recovery time of H reflex of Figure 1. A) The maximal H reflex. B) Application of dual stimulation.
bath sides in normal controls ©C) When the test H reflex diminishs the interval between 51 and

52 i3 the recovery time of H reflex.
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Figure 4. H recovery curve after a conditioning volley in patients with upper motor
neuron lesions and in normals. (Dotted line represents the patients with upper
motor nuron lesions.) (From Magladery and associates.? )
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