Original Article

Ann Rehabil Med 2012; 36: 447-457
PISSN: 2234-0645 ¢ eISSN: 2234-0653
http://dx.doi.org/10.5535/arm.2012.36.4.447

arm

Annals of Rehabilitation Medicine

The Effect of Recombinant Human Growth
Hormone Therapy in Patients with Completed
Stroke: A Pilot Trial

Junyoung Song, M.D., Kicheol Park, M.D., Hakil Lee, M.D., MinYoung Kim, M.D., Ph.D.

Department of Rehabilitation Medicine, CHA University, Seongnam 463-712, Korea

Objective To evaluate the safety and potential efficacy of “recombinant human growth hormone (thGH)” on the
functional recovery of completed stroke patients.

Method Completed stroke patients were recruited. All participants were randomly assigned to the GH group
(rhGH injection and rehabilitative therapy) or the control group (only rehabilitative therapy). Above all, they were
closely monitored for safety. Further, for the efficacy measurement, Korean Modified Barthel Index (K-MBI),
Manual Muscle strength Test (MMT), and Fugl-Meyer assessment (FMA) were assessed to determine the changes
of functional recovery during 6-months of the study period. Along with it, diffusion tensor image was taken as
the baseline, and a followed-up study to observe the changes in diffusion tensor tractography (DTT), during the
period, and one patient in the GH group was also examined with functional MRI (fMRI). Index of fatigue on 5
point scale for the study period was also assessed.

Results Twenty-two patients were enrolled, and 15 completed the study and were included in the analysis. No
harmful adverse events were observed in the GH group. By comparison between the groups, the GH group showed
more improvement in K-MBI than the control group (p<0.05). DTT showed less decrement of fibers in the GH
group than in the control group, without statistical significance. fMRI showed an increment in the activated area.
Patients in the GH group expressed no fatigue at all, during the study period (p=0.00).

Conclusion The administration of rhGH in long term resulted in the improvement in K-MBI, and subjectively less

tiredness during the injection period.
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INTRODUCTION

Over the past decades, it was not expected that the sta-
bilized brain damage, including the completed stroke,’
could be significantly recovered. However, many basic
and clinical experiments revealed the existence of recov-
ery potential after brain damage.”’ The kernel mecha-
nism of substantial recovery is called “brain plasticity”.
Brain plasticity encompasses all possible mechanisms of
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neuronal reorganization: recruitment of pathways that
are functionally homologous to, but anatomically distinct
from the damaged ones; synaptogenesis; dendritic arbo-
rization; and reinforcement of existing, but functionally
silent synaptic connections.*® Above all, the fundamental
brain plasticity would be neurogenesis. The persistence
of neurogenesis in the forebrain subventricular zone of
adult mammalians suggests that the mature brain main-
tains the potential for neuronal replacement after injury.’

‘Neurotrophic factors, including several mitogens,
growth factors, cytokines and cell division modulators
were found to mediate the activity of neurogenesis and
angiogenesis, and regulates gene expressions involving
the neurogenesis.”” Many factors, such as brain-derived
neurotrophic factor, ciliary neurotrophic factor, NT-3/4,
glial cell-derived neurotrophic factor, and vascular endo-
thelial growth factor, are examples."’

Among the neurotrophic factors, insulin-like growth
factor-1 (IGF-1)" is a representative one. In human, the
serum IGF-I level was found to be depressed, follow-
ing an acute stroke,'” while the brain IGF-I level in the
vicinity of the lesion, was found to be elevated in rodent
models of stroke injury." These changes might reflect
an autonomous protective response.'* In the brain, IGF-
1 seemed to be involved in many mechanisms, showing
potentiality of therapeutic usage. First, IGF-1 promotes
neurogenesis.'® A study that experimented the effects of
IGF-1, by overexpression and ablation of the components
of the IGF system, indicated pivotial role of IGF-1 in brain
development by not only stimulating the neurogenesis,
but also synaptogenesis, oligodendrocyte development,
and promoting the survival of them.'® Second, IGF-1 aug-
mentes synaptogenesis. IGF-1 overexpression produced
persistent increases in the total number of synapses in
the dentate gyrus."” Third, IGF-1 has anti-apoptotic ef-
fects and protected neurons against various conditions,
such as excitotoxicity and oxidative stress, glutamate, ni-
tric oxide, and hydrogen peroxide-induced apoptosis.'" "
IGEF-1 also protects the oligodendrocyte precursors
from cytotoxicity” and mature oligodendrocytes from
the death-inducing effects of tumor necrosis factor-a.”
Fourth, IGF-1 promotes proliferation and maturation of
cells in oligodendrocyte lineage and stimulate mylelin-
ation.'® Indeed, animal experiments showed beneficial
effects of exogenous IGF-I after stroke by showing a re-
duction of infarction volume and facilitation of neurog-
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nesis.”

However, clinical use of IGF-1 is not established be-
cause of safety issues.” IGF-1 was known to exacerbate
carcinogenesis and its high concentration denoted in-
creased cancer risk.”’ Another concern is disrupting the
growth hormone homeostasis for the IGF-1, which is the
end product of growth hormone pituitary axis.” Thus,
instead of IGF-1, recombinant human growth hormone
(rhGH) might be considered, as it has been used without
a safety problem in the clinical field. It was reported that
rhGH administration for six months to normal adults
with diminished growth hormone secretion caused an
increase in the serum IGF-1 concentrations.”® Accumula-
tion of systematic IGF-1 can elevate the level of IGF-1 at

the injury site.””*

If exogenous administration of rhGH
elevates IGF-1 concentration, at the injury site, then
it might enhance the therapeutic brain plasticity, and
might result in functional improvement.

Even though it was not available to confirm brain plas-
ticity directly in the human brain, we can indirectly dem-
onstrate it by brain imaging studies. The diffusion tensor
imaging (DTI)* of the brain and the functional magnetic

resonance imaging (fMRI)*"*!

are the representative
methods to find the reorganization process.

Through the present pilot study, we wanted to evaluate
the clinical usability of rhGH. Thus, the first aim was to
assess the harmful effect, and secondly, efficacy for func-

tional recovery in completed stroke patients.

MATERIALS AND METHODS

This study was approved by the Institutional Review
Board of Bundang CHA Medical Center, Republic of Ko-
rea.

Subjects

The present study included completed stoke patients
who were receiving intensive rehabilitation treatment
from Sep 2008 to Oct 2009. All patients were evaluated
with routine physical examinations and thorough neu-
rological examinations. The subjects were randomly as-
signed to one of the two groups, with a distribution ratio
of 2 : 3; the rhGH study group (GH group) who received
rhGH and the control group who received rehabilitation
only. The study proceeded as open-labeled, as this was
the first trial of GH therapy for stroke patients, and thus,
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the safety was not yet known for this purpose. The study
began after all patients and their families signed the in-
formed consent form.

Inclusion criteria were as follows: 1) completed stoke
patients at least two month or more after the onset of
cerebral infarction or hemorrhage; 2) having definite
hemiplegia with disability as modified Rankin scale score
3 to 4; 3) serum IGF-1 levels lower than 300 ng/ml; and
4) who had enough mental function and communica-
tion ability to follow the instructions of the therapy team.
The exclusion criteria were: 1) poorly controlled diabe-
tes patients because rhGH could lead to hyperglycemia,
ketosis, and insulin resistance status; 2) patients with
high blood pressure as greater than 150 mmHg in systolic
pressure, in spite of antihypertensive medication; and 3)
patients with high tumor marker levels of AFP, CEA, CA
15-3, CA 19-9, and PSA for men, and AFP, CEA, CA 15-
3, CA 19-9, and CA-125 for women. Twenty-two patients
were enrolled and 8 patients (male=2, female=6) were
assigned in the GH group and 14 patients (male=9, fe-
male=5) were assigned in the control group.

Rehabilitation

All participated patients received a comprehensive re-
habilitation treatment, including twice a day of physical
therapy, which included muscle strengthening exercise,
gait training, neurodevelopmental treatment, and twice
a day of occupational therapy, which included cognitive
training, activity of daily living training, upper extremi-
ties muscle exercise everyday, 30 minutes at a time dur-
ing their hospitalization that were continued more than 2
months. After discharge, all the patients underwent reha-
bilitation treatment, including one time of physical ther-
apy and occupational therapy, which lasted 30 minutes at
a time for more than 3 days a week, until the completion
of this study, about 6 months after each enrollment.

Recombinant human growth hormone (Declage®)
therapy

Declage® (LG Life Sciences Ltd., Iksan, Korea) was used
for this trial. It was subcutaneously injected with 3 mg a
week in the GH group for the duration of 24 weeks. After
discharge, GH group were received Declage® weekly by
a nurse in the injection room. Serum 1GF-1 levels were
measured at an interval of 2 months, for a total of three
times during the treatment period.

Assessment for harmful effect of rhGH

During the whole period of the study, all the subjects in
the GH group were guided to report any adverse events.
In the GH group, CBC with differential cell count, serum
glucose, BUN, Creatinine, electrolytes (Na, K, Cl) levels
were checked monthly. Glucose level was checked after
an overnight fasting. Vital signs, including blood pressure
and heart rate, were assessed daily during hospitalization
and weekly after discharge when they visited for rehabili-
tation.

Functional evaluations

All patients were assessed for functional measurements,
including Korean modified Barthel index (K-MBI), Man-
ual Muscle strength Test (MMT), Fugl-Meyer assessment
of the upper extremity (FMA), and Korean version of the
Mini-Mental Status Examination (K-MMSE). Representa-
tive scores of MMT from six muscle groups, in affected
limb, shoulder flexor, elbow flexor, 3rd finger proximal
interphalangeal flexor, hip flexor, knee extensor, and
ankle dorsiflexor of affected extremities were selected for
summated score in five grades (Zero=0, Trace=1, Poor=2,
Fair=3, Good=4, Normal=5), which made the total score
of 30.

Fatigue scale

All the patients was asked about their subjective feeling
of fatigue, compared to the usual status of interval from
the onset of stroke to the study participation, and the
usual status of the study period, according to a fatigue
scale, which contained 5 degree of fatigue status. It was
made to choose a number from -2 to +2, depending on
their feeling of fatigue. The degree of -2 meant definitely
more tired, while +2 degree meant definitely less tired. In
the control group, 2 patients reported -1 degree, which
meant somewhat less tired, 4 patients 0 degree which
meant tired as usual status and 5 patients reported +1 de-
gree, which meant somewhat less tired. However, in the
GH group, all the patients reported +2 degree.

Brain imaging study

All patients underwent a routine brain MRI, using 1.5
MAGNETOM Sonata (Simens, Berlin, Germarny) or 3T
GE Signa System (General-Electric, Milwaukee, USA). DTI
data were also acquired, using a 2D axial spin echo-planar
imaging with refocusing pulses. The sequence parameters
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were: a TR/TE of 12000/108 msec; 1NEX, 48 slices; 24 cm
FOV; 128x128 matrix; 3.0 mm slice thickness; 25 gradient
directions; B=900; with a non-diffusion weighted baseline
image (B=0). All patients in the GH group and 4 patients
in the control group underwent a DTI follow-up study,
at 6 months later. We evaluated the fiber connectivity us-
ing a 3D fiber reconstruction algorithm from the fibers
that pass the whole area of midbrain. Diffusion tensor
tractography (DTT), as a result of reconstruction, was of-
ficially reported by a radiologist. Further, the changes of
DTT were expressed as no change, minimal and obvious
increase or decrease in fibers.

One patient in the GH group underwent fMRI at the en-
rollment to this study, and was followed up 6 months later.
Twice of fMRI were performed on a 3T General Electric
scanner with blood oxygenation level, and dependent im-
ages were obtained using an axial single-shot gradient echo
planar imaging sequence with a resolution of 64x64 and a
slice thickness of 5 mm to cover the volume of 220x220x150
mm’ with a TE/TR=320/3000 ms and a flip angle of 90°. A z-
score threshold of 7.5 was chosen to identify active regions.
The fMRIs consisted of runs of 30 s of rest, followed by 30 s
of activity, repeated three times. The runs were as follows:

1) motor, affected hand grasp, 2) motor, unaffected hand
grasp, and 3) motor, bilateral hand grasp. Before the fMRI,
the patient practiced hand grasp movement by a verbal
command. The images were reconstructed and motion
corrected, and the correlation coefficient between the ideal
activation/rest time course and the measured data was cal-
culated for each voxel in the image. Finally, the data were
overlaid onto T1 anatomical images (z=7.5).

Statistical analysis

Wilcoxon signed-rank test was performed for assess-
ing the changes in the measured parameters, during 6
months of treatment in each group, and Mann-Whitney
U test was used to compare the outcomes between the
groups. Fisher’s exact test was used to see the difference
in fatigue score. For the analyses, Statistical Package for
the Social Sciences (SPSS) version 19.0 program in Bun-
dang CHA Medical Center was used.

RESULTS

Subjects
Before the completion of this study, 7 patients dropped

Table 1. The Characteristics and Baseline Insulin-like Growth Factor-1 of GH Group and Control Group

Group Sex/Age (year) Diagnosis Time interval after onset (days)  IGF-1 (ng/ml)
GH group
Al F/67 Rt. BG* & PVWM' infarction 83 78.4
A2 F/63 Rt. BG infarction 123 121.0
A3 F/60 Rt. BG ICH' 58 57.8
A4 M/55 Lt. Temporal ICH 237 81.8
A5 M/72 Lt. Thalamus & BG ICH 327 131.0
Control group
B1 F/64 Rt. BG infarction 178 108.0
B2 M/61 Rt. BG ICH 65 146.0
B3 M/73 Rt. MCA’ infarction 185 78.5
B4 M/77 Rt. MCA infarction 69 73.0
B5 F/73 Rt. BG infarction 141 67.9
B6 M/66 Rt. BG infarction 224 273.0
B7 M/74 Lt. BG infarction 87 91.4
B8 M/41 Lt. BGICH 166 207
B9 M/60 Rt. Thalamus ICH 90 172.0
B10 F/63 Lt. MCA infarction 147 176.0

A: GH group, B: Control group

*BG: Basal ganglia, 'PVWM: Periventricular white matter, TICH: Intracerebral hemorrhage, "MCA: Middle cerebral

artery
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Table 2. Raw Data of GH Group and Control Group

Group K-MBI* K-MBI* FM’[.‘§ FMT K-MMSE ' K-MMSE MM’.I“‘ MMT
(Baseline’) (End point’) (Baseline) (End point) (Baseline) (End point) (Baseline) (End point)
GH group
Al 74 94 41 60 23 25 15 20
A2 89 95 59 60 30 26 22 22
A3 36 74 13 22 24 27 4 14
A4 26 61 22 38 22 22 16 17
A5 31 51 4 13 16 17 8 8
Control group
Bl 80 90 16 23 22 26 13 15
B2 35 43 12 14 30 30 0 7
B3 69 74 41 66 25 21 18 23
B4 48 48 4 10 22 22 10 14
B5 0 4 4 4 7 4 6 6
B6 98 98 37 27 30 29 16 12
B7 6 6 6 6 15 15 10 9
B8 75 80 19 26 18 21 8 15
B9 87 92 47 56 29 28 18 18
B10 28 52 6 8 23 29 12 14

*K-MBI: Korean modified barthel index (K-MBI), "Baseline: Raw data at baseline, "End point: Raw data at end point,
SEMT: Fugl-meyer test of upper extremity, ' K-MMSE: Korean version of the Mini-mental status examination, "MMT:
Representative scores of Manual muscle strength test (MMT) from six muscle groups: shoulder flexor; elbow flexor;
3rd finger proximal interphalangeal flexor; hip flexor; knee extensor; and ankle dorsiflexor in five grades (Zero=0,
Trace=1, Poor=2, Fair=3, Good=4, Normal=5), that made the full score, 30 (affected extremities)

out as they did not participate in the follow-up assess-
ments (3 patients in GH group, 4 patients in control
group). Thus, 5 patients (2 men, 3 women) in the GH
group and 10 patients (7 men, 3 women) in the control
group were analyzed. The average age of all patients was
62.60+9.09 years (range: 41-77 years). At the recruitment,
the duration after the first cerebral infarction or cerebral
hemorrhage was 145.331£76.27 days. Patients were hospi-
talized for 99.00+36.75 days (GH group: 117+49.44 days,
control group: 88.78+25.37 days, p=0.298). All patients
underwent rehabilitation of more than 3 days a week, un-
til the completion of this study.

The baseline characteristics and IGF-1 levels of the GH
group and the control group were shown in Table 1. The
raw data of the GH group and the control group were
shown in Table 2. Any differences of age and duration
after the onset were not statistically presented. The scores
of the functional evaluations, as the baseline assessment,
did not show any differences between the GH group and
the control group (Table 2). Declage® was injected in the
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Fig. 1. Changes of glucose levels of the GH group. In the
GH group, glucose levels were all within normal ranges
during the rhGH therapy. FBS: Fasting blood sugar.

GH group at an average of 20.6 trials (range: 18-22 injec-
tions).
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Adverse events ferential cell count, serum glucose, BUN, Creatinine, and
Any adverse effects had not been observed during the electrolytes (Na, K, Cl) levels in the GH group were all

study period, and up to now, at least 3 years after their = within its normal range. Glucose levels were all within its

enrollment in the GH group patients. We checked CBC  normal range (Fig. 1). Vital signs, including blood pres-

with differential cell count, serum glucose, BUN, Creati- sure and heart rate, were not significantly changed by

nine, and electrolytes (Na, K, Cl) levels of the GH group  rhGH administration.

7.812.95 times (range: 3-11). The values of CBC with dif-

®
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Fig. 2. Comparison of the changes in functional outcome within and between each group. (A) The GH group and the control
group showed an increment of scores in K-MBI during 6 months of study period (p<0.05). The GH group showed more
increment in the K-MBI score than the control group (p<0.05). (B) The GH group showed increment of scores in Fugl-meyer
test of upper extremity during 6 months of study period (p<0.05). The control group did not show any difference during
6 months of the study period. (C) Both groups did not show any difference in the K-MMSE during 6 months of the study
period. (D) The control group showed an increment of scores in the summated scores of MMT of the affected extremity
during 6 months of the study period (p<0.05), however the GH group did not show any difference during the study period.
K-MBI: Korean modified barthel index (K-MBI), K-MMSE: Korean version of the mini-mental status examination, MMT:
Representative scores of manual muscle strength test (MMT) from six muscle groups: shoulder flexor; elbow flexor; 3rd
finger proximal interphalangeal flexor; hip flexor; knee extensor; and ankle dorsiflexor in five grades (Zero=0, Trace=1,
Poor=2, Fair=3, Good=4, Normal=5), that made the full score, 30 (affected extremities).
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Fig. 3. Comparisons of changes of K-MBI between the GH
group and the control group. When K-MBI was divided
into the daily activity domain (personal hygiene, bathing,
toilet, feeding, dressing, bowel and bladder control) and
the ambulation domain (ambulation, stair climbing,
chair/bed transfer), both showed increased K-MBI scores
in each domain, the GH group showed more increment
than the control group in the ambulation domain. K-MBI:
Korean modified barthel index (K-MBI).

Changes of changes in functional outcomes within and
between each group

In the GH group, the scores of the mean K-MBI and
mean FMA were increased during the 6 months of the
study period (p<0.05). In the control group, the mean
scores of K-MBI and MMT summated score were in-
creased, during the 6 months of the study period (p<0.05)

(Fig. 2).

Comparison of changes of K-MBI score between two
groups

The mean scores of K-MBI were increased in both
groups by an intra-group analysis. However, the GH
group showed more increment of the K-MBI mean score
than the control group (p<0.05). For further analysis, the
K-MBI was divided into daily activity domain (personal
hygiene, bathing, toilet, feeding, dressing, bowel and
bladder control) and ambulation domain (ambulation,
stair climbing, chair/bed transfer). As a result, although
both the GH group and the control group showed an in-
crease in the K-MBI mean scores in each domain, the GH
group showed more increment than that of the control
group in the ambulation domain (Fig. 3).

160 154 —=— IGF-1 (n=5)

140
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o
1

100 4 107.95

94
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Fig. 4. Changes of IGF-1 levels of GH group (n=5).

Changes in IGF-11evel

Serum IGF-1 was measured three times in the GH
group (Fig. 4). The mean IGF-1 level was elevated at two
months later, and receded at four months later. However,
the mean IGF-1 level at four months was still higher than
the initial IGF-1 level.

Fatigue scale

All the GH group patients reported +2, which indicated
a far less tiredness during the study period, compared to
the control group (p=0.00). Further, they also reported
that the subjects hardly caught a common cold or sick-
ness during the rhGH injected study period.

Changes in diffusion tensor tractography and func-
tional MRI

By the observation for changes in DTT in the GH group,
3 patients showed an obvious increase of the bilateral
frontal fibers; 1 patient showed a mild increase; and 1
patient showed an obvious decrease of fibers (Fig. 5-A) In
the control group, 1 patient showed minimal increase; 1
patient showed minimal decrease; and 2 patients showed
obvious decrease of fibers (Fig. 5-B).

One patient who conducted an fMRI showed significant
increased area of activation in the left motor cortex, com-
pared to the previous fMRI study. He showed an increase
in the grasp power of the affected hand, from 1 kg to 4 kg
and K-MBI score from 25 to 61.

DISCUSSION

As this study result, GH group showed more of an im-
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Baseline
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Baseline
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y
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Fig. 5. Changes in DTT of GH group and control group. (A-a) DTT change in Al patient; increased fibers in bilateral
frontal areas at 6 months compared to the baseline study. (A-b) DTT change in A2 patient; decreased fibers in bilateral
frontal areas at 6 months, compared to the baseline study. (A-c) DTT change in A3 patient; decreased fibers in the left
frontal areas at 6 months compared to the baseline study. (A-d) DTT change in A4 patient; increased fibers in the left
frontal and posterior parietal areas at 6 months compared to the baseline study. (A-e) DTT change in A5 patient; mild
increased fibers in the left parietal areas at 6 months compared to the baseline study. (B-a) DTT change in B1 patient;
mild increased fibers in the left frontal and parietal areas at 6 months compared to the baseline study. (B-b) DTT
change in B4 patient; mild decreased fibers in the right parietal areas and corpus callosum at 4 months compared
to the baseline study. (B-c) DTT change in B6 patient; obvious decreased fibers in the right frontal areas at 4 months
compared to the baseline study. (B-d) DTT change in B9 patient; obvious decreased fibers in the right frontal and
parietal areas at 1 year compared to the baseline study. Red arrows: increased fibers, yellow arrow: decreased fibers.

provement in the K-MBI score, and felt less tired than the
control group, without any sign of harmful effects. The
growth hormone, that is synthesized, stored, and secret-
ed from the somatotroph in the anterior pituitary gland,
is known to promote improvements in the body compo-
sition, including an increase of muscle mass, reduction
of total body fat, improvement of skin elasticity, and
reduction in the rate of bone demineralization.” It was
also known to improve muscle strength, exercise perfor-
mance, and more recently, to have anti-aging effect.”*
Hence, the drug has been used as a supportive measure
for the old.
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The main objective of the present study was to investi-
gate whether the use of rhGH would be helpful for func-
tional recovery in completed stroke patients. Since we
hypothesized that thGH administration would stimulate
the secretion of serum IGF-1 levels, which results in an
elevation of the brain IGF-1 concentration, which could
exert beneficial effect for the injured brain tissues. The
results in the present study showed therapeutic possibil-
ity of thGH (Declage®) in completed stroke by showing a
more increment in the score of K-MBI. The rhGH group
showed an elevated score of FMA, by an intra-group
analysis, but no superior outcome in MMT score or K-



Growth Hormone Therapy in Stroke

MMSE compared to the control group. These results did
not seem to show definite efficacy of rhGH in the neuro-
logical recovery. However, as the improvement in daily
activity of living would be an ultimate goal of functional
gain for the disabled stroke patients, it could be inter-
preted as being significant. The better outcome in K-MBI
could have come from the general effect of growth hor-
mones, such as improvement of exercise performance.”
The patients in the GH group reported definitely less fa-
tigue than the control group. Even though it is difficult to
enlighten the mechanism, it could be assumed that thGH
provided better opportunity of participating rehabilita-
tion treatment, by reducing fatigue.

Specifically, the beneficial effect on the injured brain
tissues by rhGH was also expected. Studies with stroke
animal model demonstrated a significant improvement
in exercise function and spatial memory, when growth
hormone was injected continuously for 6 weeks through
the lateral part of cerebral ventricle, where an injected
growth hormone was localized and converged at the ipsi-
lateral part of SVZ, white matter, the injured brain region
and the border area.”

To discuss about the effect GH on the brain, it is essen-
tial to consider the actions of IGF-1. In previous study,
serum IGF-1 level was shown to increase in the propor-
tion to the size of infarction in humans, suggesting that
the serum IGF-1 level should be lowered in patients with
stoke.”” However, recent studies have proposed that the
serum IGF-1 levels, assessed within 24 hours of the onset
of stroke, were significantly lower than its levels in the
controls. Furthermore, low levels were related to poor
outcomres, especially death. The higher the serum IGF-
1 levels, the better the outcome in its exercise capacity

and recovery of the damaged tissue.”"

Degradation of
the cognitive function occurred with the reduced levels
of IGF-1 and the damaged hippocampal neurogenesis
in streptozocin induced diabetic rats.*® In addition, ad-
ministration of IGF-1 to diabetic rats appeared to prevent
cognitive function decline.”” Another report proposed
therapeutic expression of IGF-1 in microglia by a treat-
ment for Alzheimer’s disease.” The overexpression
of IGF-1 in stroke reduced symptom of paralysis and
brought functional improvement.” These results implied
the contribution of IGF-1 for recovery mechanism of the
injured brain. The IGF-1 level in the GH group was ele-
vated at 2 months after commencement of rhGH admin-

istration. However, the elevated level was not maintained
until yjr fourth month, yet the level was higher than the
baseline at the fourth month. Probably, the cause of fail-
ure in maintaining a high IGF-1 level was GH-IGF axis
adaptation. Anyhow, it could be assumed that the thera-
peutic effectiveness of the present study might have come
from the secondary elevation of IGF-1 by rhGH adminis-
tration.

The benefits were also observable in the changes of
DTT. Referring to the result of the control group, which
showed an obvious decrement of the fibers and only 1
showed a minimal increment, the GH group showed rela-
tively less fiber loss. Morever, 1 case showed an obvious
increment of the fibers. A fMRI study revealed persistent
additional activations in fMRI images of patients with
complete recovery.” Similarly, our patient who under-
went an fMRI showed additional area of activation, dur-
ing the affected hand grasp task. It might be interpreted
that his brain recruited additional cortical areas, adjacent
to the primary lesion for conducting the same task.

The current study had limitations. The subject number
was small and it proceeded in the open-labeled study.
Therefore, whether the GH therapy can exactly facilitate
the regeneration of the nerve cells with increasing serum
level of IGF-1, which could not be determined in our
study. To explore the effect of GH treatment, studies with
larger sample size, longterm IGF-1 follow up and double-
blind study are needed to be conducted. However, the
present study has significance as the first pilot study to
explore the effects of GH treatment for completed stroke
patients, and to reveal no adverse effects in GH treat-
ment. The role of IGF-1 in the GH therapy should be
enlightened through further studies. Another limitation
is an uneven distribution of the K-MBI scores in the con-
trol group. K-MBI score of one of the control patient was
too high for the improvement by rehabilitation therapy.
However, because the scores of other evaluations did not
show any changes, and even showed a decrease, the K-
MBI scores were also expected to show little significant
changes.

CONCLUSION

The rhGH (Declage®) seemed to be safe and effective in
the treatment of patients with completed stroke patients
in active rehabilitation with fatigue reducing effects.
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DTT and fMRI studies partially supported the benefits of
rhGH therapy. In a long-term follow-up, rhGH (Declage ®)
seemed to be safe in completed stroke patients without
any side effects. Further studies with larger population
are needed.
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