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Abstract: Background: Several study showed that granulocyte colony-stimulating factor (G-CSF) may improve prog-
nosis of patients with cerebral infarction (CI), but information is limited concerning dosing regimen, timing of ad-
ministration and safety. Objective: To explore the efficacy, safety, and impact on cerebral blood perfusion of G-CSF 
in the treatment of CI. Methods: This was a prospective, randomized, open study of 82 patients within 7 days post-
CI with infarct sizes >15 mL, randomized to either G-CSF (n=40) or control (n=42) groups. Both groups received 
standardized therapy; the G-CSF group also received subcutaneous G-CSF injections (twice daily, 300 μg each) for 
5 days. CD34+ cell number, routine blood tests, and coagulation, liver and kidney function were monitored daily in 
the G-CSF group during the 5-day administration period and subsequent 3 days. All patients were assessed by the 
National Institute of Health Stroke Scale (NIHSS) and Barthel Index (BI) at enrollment and at the end of 1, 2 and 3 
months. Cerebral CT perfusion was performed before and 3 months after treatment. Results: CD34+ cell counts in 
the G-CSF group peaked on day 6 (22.43 ± 4.44/μL), 16 times higher than baseline values (1.48 ± 0.45/μL). After 3 
months, NIHSS score was significantly lower in the G-CSF group (5.50 ± 0.63) than in the control group (6.56 ± 0.81, 
P<0.01). The degree of disability (BI) did not differ significantly between the two groups. Cerebral blood volume and 
flow in the infarcted area were significantly increased after 3 months in all patients, particularly in the G-CSF group 
(P<0.05). Axillary vein thrombosis and acute myocardial infarction occurred in one patient in the G-CSF group, but 
no sequelae remained after treatment. Conclusion: Subcutaneous G-CSF injections are safe in patients less than 7 
days post-CI with infarct sizes >15 mL, and at 3 months can improve neurological dysfunction and perfusion of the 
infarcted area, but not the degree of disability.  
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Introduction

Stem cells have the capability to self-replicate 
and undergo multilineage differentiation, and 
so have received considerable interest in the 
field of neurological research. Stem cells are 
found in the adult subventricular zone and den-
tate gyrus, and can respond to brain cell dam-
age by migrating to the site of the lesion and 
differentiating into neurons and glial cells; how-
ever, this self-rescue capacity is very limited [1]. 
Lee et al. [2] found that this neurogenesis could 
be enhanced by certain exogenous signaling 
factors, such as granulocyte colony stimulating 
factor (G-CSF). Numerous studies in animal 
models have shown that subcutaneous injec-

tions of G-CSF can reduce cerebral infarct (CI) 
size and improve prognosis [3-5]. Although sim-
ilar results have also been reported in clinical 
trials [6-9], considerable debate remains over 
the optimal dosage, timing and duration of 
treatment, and the selection of patients suit-
able to receive G-CSF. Subgroup analysis con-
ducted by Schabitz et al. [6] indicated that 
G-CSF might be beneficial when administered 7 
days post-CI to patients with infarct sizes >14-
17 mL. In the present study, a similar patient 
population was selected in order to assess the 
efficacy and safety of G-CSF in the treatment of 
CI, and computed tomography perfusion (CTP) 
was used to evaluate the impact of G-CSF on 
cerebral blood flow.
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Materials and methods

Subjects  

The present study enrolled patients who were 
hospitalized at our Department of Neurology 
between January 2011 and December 2012. 
The inclusion criteria were as follows: first 
infarction of the middle cerebral artery area; 
within 7 days after CI; paralyzed limb muscle 
strength grade ≤3; and infarct volume >15 mL, 
as detected by magnetic resonance imaging 
(MRI). The exclusion criteria included: an inabil-
ity to cooperate with the requirements of the 
study due to impaired consciousness or apha-
sia; the presence of infection before enroll- 
ment (which may have resulted in an increased 
white blood cell count); hematological system 
diseases or coagulation abnormalities (includ-
ing thrombocytopenia); CI accompanied by 
hemorrhage; vital organ failure; malignancy; 
intolerance to G-CSF for whatever reason. This 
study was approved by the Ethics Committee of 
Zhejiang Hospital. All participants were fully 
informed of the entire study course and possi-
ble adverse effects, and provided informed 
written consent. 

Study design and administration regimen

This study adopted a prospective, randomized, 
open-label approach. The enrolled patients 
were divided into two groups, a G-CSF group 
and a control group, using a random number 
table. All patients received standardized treat-
ment protocol that complied with the Chinese 
Acute Ischemic Stroke Diagnosis and Treat- 
ment Guidelines 2010 [10]. Patients in the 
G-CSF group received subcutaneous injec- 
tions of G-CSF (300 µg; rhG-CSF, Hangzhou 
Jiuyuan Gene Engineering Co., Ltd., China) tw- 
ice daily (8:00 and 20:00) for 5 days. Routine 
blood tests were performed daily, and if the 
white blood cell count reached or exceeded 50 
×109/L, the administration frequency was 
adjusted to once daily.

Laboratory indices

Blood samples were obtained from patients in 
the G-CSF group daily at 6:00, over an 8-day 
period (D1-D8) running from the first day of 
administration (D1) to the third day after admin-
istration had ceased (D8). The investigations 
included routine blood tests, coagulation func-

tion, D-dimer, liver and kidney function tests, 
and CD34+ hematopoietic stem cell counts. 
For patients in the control group, all the afore-
mentioned investigations were performed only 
on D1. The counting of CD34+ hematopoietic 
stem cells was conducted using a ProCount 
Progenitor Cell Enumeration Kit (Becton 
Dickinson, USA), according to the manufactur-
er’s instructions. A reverse sampling technique 
was used to pipette 20 µL of CD34+ reagent 
into a TruCount tube labeled ‘CD34+’, and 20 
µL of Control reagent into a TruCount tube 
labeled ‘Control’. A 50-µL sample of well-mixed 
whole blood was pipetted into each tube, the 
tubes capped, and the mixtures incubated for 
15 min in the dark at room temperature. 
Subsequently, 450 µL of 1XBD FACS lysing 
solution (Becton Dickinson) was added to each 
tube, and this was allowed to incubate for 30 
min in the dark at room temperature. The tubes 
were then transferred to a FACS Calibur flow 
cytometer (Becton Dickinson), which provided 
absolute values (number/μL) for the CD34+ cell 
counts automatically.

Safety and efficacy 

Safety data were acquired by recording any 
adverse effects observed during the trial, with 
particular focus on liver and kidney function, 
platelet count, coagulation function, fever, 
rash, gastrointestinal reactions, thromboem-
bolic events, and pains in the muscles, joints or 
bones. For assessment of efficacy, the National 
Institute of Health Stroke Scale (NIHSS) for 
neurological function defects and the Barthel 
index (BI) for the degree of disability were used: 
all patients were assessed at enrollment, and 
1, 2 and 3 months after enrollment.

CT perfusion imaging

Cerebral CT perfusion imaging was performed 
before and 3 months after treatment, using a 
Philips 64-slice dual-source spiral CT (Philips, 
The Netherlands) and a slice thickness of 4 mm 
for both groups. A high-pressure syringe was 
used for bolus injection of 50 mL iopromide 
through an antecubital vein at a rate of 5 mL/s. 
The scan rate was 1 layer/s, the delay time was 
4 s, and the scan was continued for 50 s. The 
scanned images were transferred to a works- 
tation for image processing with the Philips 
CTPI software package. Sections containing 
the maximal lesion size were selected for 
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Table 1. Comparison of baseline characteristics between patients in the two groups
G-CSF (n=40) Control (n=42) χ2 (t) value P value

Age [M (QR)] 63 (9) 64.5 (7) -0.25* 0.88
Male [n (%)] 26 (65.0) 30 (71.4) 0.39 0.64
Hypertension [n (%)] 30 (75.0) 34 (81.0) 0.42 0.60
Diabetes [n (%)] 16 (40.0) 13 (31.0) 0.73 0.49
Coronary disease [n (%)] 18 (45.0) 16 (38.1) 0.40 0.65
Time between onset and enrollment (d) 3.1 ± 1.8 4.2 ± 1.7 -0.31* 0.72
Infarct size (mL) 24.1 ± 4.6 23.6 ± 4.0 0.82* 0.47
CD34+ (/μL) 1.4 ± 0.5 1.5 ± 0.4 -0.12* 0.9
WBC (×109/L) 6.8 ± 1.6 6.1 ± 1.6 1.20* 0.24
PLT (×109/L) 219.8 ± 54.5 198.8 ± 59.1 -0.12* 0.3
ALT (U/L) 25.9 ± 9.9 21.9 ± 13.3 0.96* 0.35
Scr (μmol/L) 64.5 ± 22.1 70.0 ± 17.7 -0.72* 0.48
APTT (s) 29.9 ± 1.6 28.5 ± 2.7 1.80* 0.08
PT (s) 10.7 ± 0.9 10.4 ± 1.0 0.82* 0.42
Fib (g/L) 4.0 ± 0.7 3.9 ± 0.7 0.29* 0.78
D-D (mg/L) 0.19 ± 0.1 0.22 ± 0.1 -0.83* 0.41
Note: G-CSF=granulocyte colony stimulating factor, WBC=white blood cell count, PLT=plateletcount, ALT=alanine aminotrans-
ferase, Scr=serum creatinine, APTT=activated partialthromboplastin time, PT=prothrombin time, Fib=fibrinogen, D-D=D-dimer. 
*indicates t value.

25-45 points: severe disability; 0-20 points: 
extremely severe disability) and analyzed by  
the χ2 test. Fisher’s exact test was used for 
comparisons of enumeration data. P<0.05 was 
taken to indicate statistical significance.

Results

Baseline data

A total of 82 subjects (with a mean hospitaliza-
tion duration of 36 ± 5 days) were included in 
the statistical analysis. All patients received 
standardized rehabilitation therapy. No signifi-
cant differences were found in the baseline 
data between the two groups (Table 1).

Laboratory indices of patients in the G-CSF 
group

Repeated measures ANOVA revealed that the 
CD34+ cell counts at each time point differed 
significantly (F=83.25, P<0.001), increasing 
daily to peak on D6 at 22.43 ± 4.44 /μL, 16 
times the baseline count of 1.48 ± 0.45 /μL. 
However, when G-CSF administration was 
stopped, the CD34+ cell count rapidly decli- 
ned. Similarly, WBC count also peaked on D6  
at 45.65 ± 2.01 ×109/L, but swiftly declin- 
ing after cessation of G-CSF administration 

assessment, and regions of interest (ROIs) 
were chosen that avoided the vessels and sulci. 
According to the abnormally perfused areas 
shown in the CT images, the midline was used 
as a mirror to symmetrically measure the cere-
bral blood volume (CBV), cerebral blood flow 
(CBF), mean transit time (MTT) and time to 
peak (TTP) in the area of the lesion and the con-
tralateral healthy side. All CT perfusion images 
were acquired by the same radiologist, and all 
images were interpreted by a different radiolo-
gist with expertise in neurological imaging. 
Both radiologists were blinded to the patient 
groupings.

Statistical analysis

SPSS 13.0 software (SPSS Inc., USA) was used 
for statistical analyses. Continuous data are 
expressed as means ± standard deviations 
(SD), non-continuous data (such as age) as 
medians (interquartile ranges) [M (QR)], and 
enumeration data as percentages. The inde-
pendent-samples t-test was adopted for inter-
group comparisons of continuous data that 
were normally distributed. Repeated meas- 
ures analysis of variance (ANOVA) was used  
for intra-group comparisons. BIdata were  
converted into categories (75-90 points: mild  
disability; 50-70 points: moderate disability; 



Treatment of acute cerebral infarction with subcutaneous injection

19903 Int J Clin Exp Med 2016;9(10):19900-19906

(F=395.72, P<0.001). D-dimer showed an  
overall increasing trend during G-CSF adminis-
tration, and a significant increase was main-
tained for 2 days after G-CSF was withdrawn 
(F=5.15, P=0.01). ALT also increased to peak 
on D6 (28.92 ± 9.23 U/L, within the normal 
range of <50 U/L), before slowly declining after 
G-CSF was discontinued (F=5.44, P=0.01). 
There were no significant changes in PLT, Fib, 
Scr, APTT and PT (Table 2).

Efficacy

Although patients from both groups showed 
improvements in neurological function over 
time (manifested as reduced NIHSS scores), 
the improvement in the G-CSF group was more 
rapid, with a statistically significant difference 

Inter-group comparisons revealed no signifi-
cant differences in these four indices before 
treatment. However, at 3 months, CBV and CBF 
were significantly higher in the G-CSF group 
than in the control group (P<0.01), whereas 
MTT and TTP did not differ significantly between 
the two groups (Table 4).

Adverse events

The most commonly observed adverse eff- 
ects during the period of G-CSF administra- 
tion were gastrointestinal reactions including  
nausea, vomiting, gastric pain and anorexia 
(19/40), musculoskeletal pain (15/42) and 
fever (12/42). The highest fever recorded was 
38.6°C, and was treated with paracetamol  
tablets. All the aforementioned adverse reac-

Table 2. Comparison of laboratory indices for patients in the G-CSF group from days 1-8

CD34+ (/μL)
WBC 

(×109/L)
PLT (×109/L) ALT (U/L) Scr (μmol/L) PT (s) APTT (s) Fib (g/L) D-D (mg/L)

D1 1.48 ± 0.45 6.82 ± 1.57 219.81 ± 54.50 25.88 ± 9.88 64.48 ± 22.08 10.66 ± 0.95 29.94 ± 1.58 3.98 ± 0.72 0.19 ± 0.11

D2 4.03 ± 2.02 22.07 ± 4.29 208.88 ± 61.66 26.99 ± 8.96 64.26 ± 19.44 11.10 ± 1.23 31.53 ± 3.44 4.12± 0.96 0.22 ± 0.13

D3 9.06 ± 1.94 29.05 ± 4.32 207.13 ± 62.33 27.60 ± 10.08 65.35 ± 19.02 11.20 ± 1.32 31.00 ± 2.60 4.33 ± 0.89 0.23 ± 0.11

D4 14.39 ± 2.33 35.94 ± 4.52 210.19 ± 64.75 28.45 ± 8.16 59.99 ± 20.21 11.02 ± 1.15 30.77 ± 2.83 4.41 ± 0.87 0.22 ± 0.09

D5 18.48 ± 2.65 42.22 ± 5.49 206.31 ± 59.89 28.32 ± 8.94 60.09 ± 18.90 11.32 ± 1.15 31.19 ± 3.45 4.63 ± 0.89 0.24 ± 0.12

D6 22.43 ± 4.44 45.65 ± 2.01 201.31 ± 57.78 28.92 ± 9.23 62.21 ± 20.74 11.16 ± 1.15 32.46 ± 3.80 4.73 ± 1.02 0.28 ± 0.12

D7 15.59 ± 3.14 25.55 ± 3.30 200.13 ± 58.59 28.48 ± 8.30 60.76 ± 18.21 11.16 ± 1.13 32.02 ± 5.17 4.88 ± 1.08 0.32 ± 0.16

D8 10.84 ± 2.33 18.17 ± 2.55 197.13 ± 51.01 28.35 ± 9.20 63.93 ± 19.42 11.01 ± 1.23 31.91 ± 4.79 4.65 ± 1.27 0.33 ± 0.16

F 83.25 395.72 1.74 5.44 1.03 0.96 1.02 2.23 5.15 

P 0.00 0.00 0.22 0.01 0.47 0.51 0.48 0.13 0.01 

Data are presented as means ± standard deviations. G-CSF, granulocyte colony stimulating factor; WBC, white blood cell count; 
PLT, platelet count; ALT, alanine aminotransferase; Scr, serum creatinine; APTT, activated partial thromboplastin time; PT, 
prothrombin time; Fib, fibrinogen; D-D, D-dimer. 

Figure 1. Impact of G-CSF treatment on NIHSS scores in patients with 
acute cerebral infarction.

observed 2 months after treatment 
(t=-2.91, P<0.01, Figure 1). However, 
no significant differences were 
found in the degree of disability 
(measured as the BI) between the 
two groups (Table 3).

CT perfusion imaging

Compared with the non-infarcted 
(contralateral) side, the infarcted 
area had a significantly lower CBV 
and CBF, and a significantly pro-
longed MTT and TTP (data not 
shown). Intra-group comparisons of 
the pre- and post-treatment param-
eters indicated that CBV and CBF 
had increased significantly in both 
groups at 3 months (P<0.01), whe- 
reas MTT and TTP had not changed. 



Treatment of acute cerebral infarction with subcutaneous injection

19904 Int J Clin Exp Med 2016;9(10):19900-19906

tions are known side effects of G-CSF, and 
most were rapidly relieved after G-CSF adminis-
tration was stopped; those remaining were 
treated symptomatically. One patient from the 
G-CSF group experienced left upper extremity 
swelling caused by axillary vein thrombosis on 
day 26; this was relieved by urokinase throm-
bolysis. Later, this patient was transferred to 
the Cardiology Department for interventional 
treatments for acute myocardial infarction, and 
received a good prognosis. No thromboembolic 
events occurred in the control group.

Discussion

G-CSF is a glycoprotein of molecular weight 
19,600 g/mole that binds to the G-CSF recep-
tor (G-CSFR) on the granulocyte progenitor cell 
surface, inducing these cells to proliferate and 
differentiate into mature neutrophils. G-CSF 
has been used widely in the clinic to treat neu-
tropenia of various causes. It has been found 
recently that G-CSFR also exists in the mouse 
central nervous system, and that cerebral isch-
emic damage increases the G-CSF concentra-
tion in peripheral blood and enhances cere- 
bral G-CSFR expression, possibly representing 
an autocrine self-protection mechanism [11]. 
Several animal studies have shown that subcu-
taneous or intravenous injections of G-CSF 
reduce CI size and improve prognosis through 
the promotion of angiogenesis [11] and neuro-
genesis [4], and the inhibition of neuronal apop-
tosis [4, 12].

G-CSFR can be detected in the infarcted area 
and nearby neurons 48 h after the occurrence 
of CI [13]. Dunac et al. [14] found that periph-
eral blood CD34+ cell counts in patients with  

led 44 patients with a CI onset of 12 h or less, 
and assessed the effects of a 72-h continuous 
intravenous infusion of G-CSF. These authors 
did not find an overall difference in clinical out-
comes between the treatment and control 
groups, but observed an interesting dose-
dependent beneficial effect of G-CSF in pati- 
ents with infarct sizes >14-17 mL. Based on 
this, we selected 82 patients with an infarct  
in the middle cerebral artery area of size >15 
mL, and randomized them to either a G-CSF 
group (n=40) or a placebo control group (n=42). 
We observed a more rapid decline in NIHSS 
scores in the G-CSF group with a significant  
difference at 2 months, similar to the findings 
of Shyu et al. [7].

With regard to the degree of disability, no sig-
nificant difference was found between the two 
groups. The inconsistency in the results of the 
neurological function and degree of disability 
assessments indicates that neurological recov-
ery was occurring in some patients, but that 
this recovery did not reach a level at which it 
improved the patient’s daily quality of life. The 
declining trend in the scores of patients with 
extremely severe disability was greater in the 
G-CSF group than in the control group, indicat-
ing a greater efficacy of G-CSF in patients with 
severe disability; this is consistent with the find-
ings of Schabitz et al. [6] (the efficacy of G-CSF 
was greater in patients with larger infarct sizes). 
In contrast, Sprigg et al. [8] reported that sub-
cutaneous injections of G-CSF did not improve 
the 3-month prognosis in patients with CI; how-
ever, their treatment was administered 7-30 
days post-CI, whereas we recruited patients 
that were 7 days post-CI.

Table 3. Comparison of Barthel Index score grades between patients in the 
two groups

Group Degree of dis-
ability Enrollment 1 month 2 months 3 months

G-CSF (n=40) Extremely severe 10 (25%) 8 (20%) 6 (15%) 5 (12.5%)
Severe 18 (45%) 16 (40%) 14 (35%) 13 (32.5%)

Moderate 12 (30%) 16 (40%) 20 (50%) 22 (55%)
Control (n=42) Extremely severe 9 (21.5%) 9 (21.4%) 8 (19%) 7 (16.7%)

Severe 19 (45.2%) 18 (42.9%) 16 (38.1%) 15 (35.7%)
Moderate 14 (33.3%) 15 (35.7%) 18 (42.9%) 20 (47.6%)

χ2 -0.04 0.04 0.07 0.08
P 0.67 0.72 0.49 0.47
Data are presented as n (%).

CI were significantly 
increased, and that 
this increase was 
associated with a 
better prognosis. Th- 
ey thus inferred that 
G-CSF might play a 
neuroprotective role 
via CD34+ cell mobi-
lization. This hypoth-
esis has been test-
ed in clinical trials 
conducted to ass- 
ess G-CSF as a tre- 
atment for CI. Scha- 
bitz et al. [6] enrol- 
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Table 4. Pre- and post-treatment comparisons of CT perfusion parameters between patients in the 
two groups

Group CBV  
(mL/100 g)

CBF (mL/100 
g/min) MTT (s) TTP (s)

Control (n=42) Pre-treatment 1.14 ± 0.37 18.78 ± 3.74 6.07 ± 1.26 18.04 ± 4.25
3 months after treatment 1.84 ± 0.49 29.77 ± 5.33 6.18 ± 1.02 19.74 ± 5.13
Difference 0.71 ± 0.23b 10.99 ± 2.36b 0.11 ± 0.04a 1.70 ± 0.49a

G-CSF (n=40) Pre-treatment 0.98± 0.26d 15.73 ± 4.31d 6.23 ± 1.84d 19.53 ± 3.79d

3 months after treatment 2.36 ± 0.37 38.75 ± 6.73 6.09 ± 1.05 21.40 ± 5.27
Difference 1.38 ± 0.22c,e 23.02 ± 4.47c,e -0.14 ± 0.49a,d 1.87 ± 0.38a,d

Data are presented as means ± standard deviations. CBV, cerebral blood volume; CBF, cerebral blood flow; MTT, mean transit 
time; TTP, time to peak. Statistical comparisons were made using pairwise t-tests: compared to the pre-treatment data, a indi-
cates P>0.05, b indicates P<0.05, and c indicates P<0.01; compared to the control group, d indicates P>0.05 and e indicates 
P<0.01. 

With regard to the laboratory indices, we 
focused on changes in peripheral blood CD34+ 
cell counts. The CD34+ molecule is a trans-
membrane glycoprotein selectively expressed 
on the surface of hematopoietic stem/progeni-
tor cells, gradually disappearing as the cells 
mature. The present study found that peripher-
al blood CD34+ cell counts increased daily dur-
ing G-CSF administration, and then rapidly 
declined after G-CSF was discontinued. This 
shows that G-CSF was able to mobilize bone 
marrow stem cells from the peripheral blood 
into the brain; however, further research is 
needed to determine whether these cells can 
cross the blood-brain barrier and then differen-
tiate into mature neurons. Sprigg et al. [8] 
noted similar results in their study, and found 
that peripheral blood CD34+ cell counts 
increased with the G-CSF dose and duration of 
administration; a peak count of 37.7/µL was 
observed in their maximal dose group, higher 
than our peak value of 22.4/μL. An incidental 
finding in our study was a significant increase in 
D-dimer level in the G-CSF group that was 
maintained for at least 3 days after G-CSF dis-
continuation. Therefore, we believe that fre-
quent thrombotic and thrombolytic processes 
were occurring in these patients, indicating a 
higher incident rate of thromboembolic events 
in the G-CSF group than in the control group 
(although clinical symptoms or signs were lack-
ing in most patients). A possible explanation for 
this phenomenon, to our knowledge not previ-
ously proposed, is that the white blood cells 
had increased the blood viscosity, resulting in a 
higher risk of blood coagulation and a second-
ary increase in fibrinolytic activity. Consistent 
with the study of Schabitz et al. [6], we also 

observed an increasing trend in ALT and a 
decreasing trend in PLT, but the levels remained 
within the normal ranges and clinical bleeding 
events were not increased.

Floel et al. [9] have investigated the safety and 
efficacy of subcutaneous G-CSF in patients 
with myocardial infarction (ischemic infarct >4 
months prior to inclusion). They found that 
adverse events were more frequent in the 
G-CSF group, but that these were generally 
graded mild or moderate, and were from the 
known side-effect spectrum of G-CSF; these 
findings are similar to those of the present 
study. However, one of our patients experi-
enced repeated venous and arterial thrombo-
embolic events, and we cannot be sure whe- 
ther this is related to an increased white  
blood cell count caused by G-CSF administra-
tion. Although almost all trials have reported 
that G-CSF does not increase the incident  
rate of thromboembolic events, our study  
found that the D-dimer level gradually incre- 
ased in the G-CSF group, indicating the exis-
tence of active and repeated thrombotic and 
thrombolytic processes in these patients.

No previous studies, either domestic or interna-
tional, have assessed the impact of G-CSF on 
CT-detected cerebral perfusion in patients with 
acute CI. We found that CBV and CBF at 3 
months were significantly higher in the G-CSF 
group than in the control group, possibly indi-
cating a higher level of angiogenesis in the 
G-CSF group. This would be consistent with the 
proposal of Sugiyama et al. [11].

In conclusion, the administration of twice-daily 
subcutaneous injections of 300 μg G-CSF to 
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patients 7 days post-ischemic stroke, with 
infarct sizes >15 mL, improves the prognosis 
but may increase the risks of thromboem- 
bolic events. The possible mechanism unde- 
rlying the improved prognosis may involve 
mobilized hematopoietic stem/progenitor cells 
migrating into the peripheral blood, promoting 
angiogenesis and neurogenesis, and inhibiting 
neuronal apoptosis. A limitation of our study 
was that it was not possible to enroll a lar- 
ger number of patients, due to funding and 
logistic constraints. Therefore, our future aim is 
to conduct more systematic studies with larger 
sample sizes.
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