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Background: Erythropoietin (EPO), which is associated with anemia, exerts neuroprotective effects in ischemic 
stroke. In cases of stenosis or narrowing of the main cerebral blood vessel, the prognosis is favorable if collateral 
blood circulation is well developed in acute stroke. Several studies have investigated the relationship between EPO 
administration and stroke outcomes. The present study investigated the correlation between serum EPO level and 
cerebral collateral circulation, which could result in favorable clinical outcomes.
Methods: The study subjects were patients diagnosed with acute ischemic stroke who underwent initial brain 
magnetic resonance imaging between January 2020 and March 2022. Following brain computed tomography per-
fusion for collateral flow, serum EPO levels were measured. Collaterals were assessed according to the Mass system 
and divided into good collateral (GC) or poor collateral (PC) groups. Serum EPO levels were determined using a 
chemiluminescence immunoassay method. A correlation coefficient analysis was conducted to determine the cor-
relation between serum EPO levels and GC. A receiver operating characteristic curve analysis determined the cut-
off value of EPO for GC.
Results: Serum EPO levels were significantly higher in the GC than that in the PC group (P<0.05). The cut-off level 
of serum EPO for a good outcome was 9.1 mIU/mL.
Conclusion: A high serum EPO (>9.1 mIU/mL) could be a marker of GC in patients with acute ischemic stroke that 
predicts good clinical outcomes.
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INTRODUCTION

The clinical outcome of patients with acute ischemic stroke is poor if 

the serum erythropoietin (EPO) level is high.1) However, transient ce-

rebral ischemia or small infarction occurred in patients with previously 

known severe stenosis, leading to better outcomes. This phenomenon, 

called “ischemic preconditioning,” involves EPO.2) Although the previ-

ous results may seem contradictory, EPO level increases in the condi-

tion of acute stroke to alleviate symptom worsening. In patients with 

previously known intra- and extracranial stenosis, preventatively ele-

vated EPO suppresses brain cell death and can alleviate symptom 

worsening. The collateral cerebral circulation affects stroke prognosis. 

Despite stenosis or narrowing of the main cerebral blood vessels, the 

prognosis is favorable if the collateral blood circulation is well devel-

oped.3) In this context, EPO and cerebral collateral circulation could be 

correlated. To date, no study has examined whether the degree of col-

lateral circulation development is correlated with EPO in the acute 

stage of stroke. The present study investigated for the first time wheth-

er there is a correlation between cerebral collateral circulation degree 

and EPO level.

METHODS

1. Patients
The subjects of the study were patients diagnosed with acute ischemic 

stroke by initial brain diffusion-weighted magnetic resonance imaging 

between January 2020 and March 2022. The inclusion criteria were 

Korean race, age 18–80 years, no acute hemorrhage on initial brain 

non-contrast computed tomography (CT), definite neurologic deficit 

defined as a National Institute of Health Stroke Scale (NIHSS) ≥5, and 

onset (clear onset or time from last normal) within 24 hours. The ex-

clusion criteria were as follows: past cerebral hemorrhage (intracranial 

hemorrhage, subarachnoid hemorrhage), reported atrial fibrillation, 

presenting seizure activity with acute stroke, and symptomatic regres-

sion of neurologic deficit in 1 hour. This study was approved by the In-

stitutional Review board of Public Institutional Review Board Desig-

nated by Ministry of Health and Welfare (P01-202106-11-001). In-

formed consent was obtained from all individual participants included 

in the study.

2. Cerebral Collateral Circulation Assessment
In patients with no contraindications for the radio-contrast injection 

(specifically, contrast allergy or serum creatinine levels >1.5 mg/dL), 

high-resolution CT angiography (CTA) was performed on a 512-sec-

tion multidetector helical scanner (Aquilion One; Toshiba Medical 

Systems, Otawara, Japan), and images were acquired with a 70-mL bo-

lus injection of contrast at 3 mL/s followed by 30 mL of saline at 3 mL/s 

into the antecubital vein. Scanning was triggered using bolus tracking, 

with the region of interest placed in the posterior aortic arch and the 

trigger threshold set at 150 Hounsfield units. The scan parameters at 

Hongik Hospital were as follows: section thickness, 1 mm; no section 

gap; field of view, 200 mm; matrix, 512×512; 100–120 mAs; and 100 

kVp. Coverage extended from the base of the skull to the vertex, and 

the source images were reformatted into 3-mm-thick axial, coronal, 

and sagittal projections. Maximum-intensity projections were routine-

ly provided as part of CTA, and no three-dimensional reconstructions 

were performed. Each CTA study was evaluated for intracranial collat-

erals according to the Mass system (Figure 1),4) a 5-point score that 

compares collaterals on the affected versus unaffected sides. The Mass 

system uses Sylvian fissure vessels or leptomeningeal collaterals as in-

ternal controls. The score ranges were: 5 (exuberant), 4 (more than 

those on the contralateral side), 3 (equal to those on the contralateral 

side), 2 (less than those on the contralateral side), and 1 (no vessel 

opacification). Scores of 3–5 were considered good collaterals (GC), 

while those of 1–2 were considered poor collaterals (PC). A brain CT 

perfusion study was conducted after patient consent was obtained.

3. Acquisition Data of Serum Erythropoietin
Serum EPO levels were obtained from the initial blood sample within 

30 minutes of the subject arriving at the emergency room and before 

any medication was administered. The EPO examination was con-

ducted after patient consent was obtained. Levels were determined 

using the chemiluminescence immunoassay method.

4. Clinical Outcome Assessment
The modified Rankin score (mRS) system was used for clinical out-

come assessment at 3 months after discharge. The mRS is a well-vali-

dated, clinician-reported measurement of global disability widely 

used for evaluating recovery from stroke. Score of 0–2 is considered a 

good outcome and 3–5 as a poor outcome (mRS description: 0, no 

symptoms; 1, able to perform all usual activities despite some symp-

A B C D

Figure 1. Mass system. (A) No vessel opacifi-
cation (arrow). (B) Less opacification than on 
the contralateral side (arrow). Opacification 
equal to that on the contralateral side is not 
shown. (C) More opacification than on the 
contralateral side (arrow). (D) Exuberant 
opacification is shown (arrow).
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toms; 2, unable to perform all previous activities; 3, requiring some 

help but able to walk unassisted; 4, unable to walk unassisted; and 5, 

bedridden).

5. Statistical Analysis
Fisher’s exact test or the chi-square test was used to analyze categorical 

variables. Differences in continuous variables were evaluated using Stu-

dent t-test. A binominal logistic regression analysis was performed to 

evaluate the factors contributing to the GC and PC groups. A correlation 

coefficient analysis was conducted to determine the correlation be-

tween serum EPO levels and GC. A receiver operating characteristic 

(ROC) curve analysis was conducted to determine the EPO cut-off value 

for GC. Statistical significance was set at P<0.05, and the analyses were 

performed using PASW SPSS ver. 18.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

A total of 56 subjects were enrolled (GC, 22; PC, 34). The basic charac-

teristics of the participants are summarized in Table 1. The frequencies 

of chronic heart failure (CHF), hospitalization days (HOD), and mRS 

were higher in the PC group (P<0.05), whereas the frequencies of 

chronic kidney disease (CKD) and initial EPO were higher in the GC 

group (P<0.05). Other characteristics such as hemoglobin level, body 

mass index, prevalence of hypertension, diabetes, dyslipidemia, initial 

NIHSS score, and Alberta stroke program Early CT Score did not differ 

significantly between the two groups (P>0.05).

 The initial serum EPO level was 85.4% higher (11.5±3.8 mIU/mL 

versus 6.3±2.1 mIU/mL) in the GC versus PC group. Additionally, the 

correlation coefficient analysis showed a positive correlation between 

an elevated serum EPO level and GC after the adjustment for other 

variables, such as CHF, CKD, HOD, initial NIHSS score, and mRS score 

(r=0.712, P=0.042). The ROC curve analysis showed that the serum 

EPO cut-off value for GC was 9.1 mIU/mL with a sensitivity and speci-

ficity of 0.79 and 0.86, respectively (area under the curve, 0.888; stan-

dard error, 0.044; 95% confidence interval, 0.801–0.974; P<0.001) (Fig-

ure 2, Table 2).

DISCUSSION

The present study investigated the correlation between initial serum 

EPO level and cerebral collateral circulation and analyzed the serum 

EPO cut-off level (9.1 mIU/mL) for GC. EPO is a peptide produced by 
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Figure 2. Receiver operating characteristic (ROC) curve of serum erythropoietin and 
a good collateral (GC). High serum erythropoietin levels showed a positive correlation 
with GC after that adjustment for other variables such as chronic heart failure, 
National Institute of Health Stroke Scale, chronic kidney disease, Alberta Stroke 
Program Early Computed Tomography Score, and hospitalization day (r=0.712, 
P=0.04).

Table 1. Basic characteristics in subjects

Collateral flow Good (n=22) Poor (n=34) P-value

Male (%) 13 (59.0) 20 (58.8) 0.452
Age (y) 63.5±11.4 64.9±10.8 0.235
Hypertension 18 (81.8) 29 (85.3) 0.281
Diabetes mellitus 9 (40.9) 15 (44.1) 0.482
Dyslipidemia 20 (90.9) 29 (85.3) 0.190
Chronic heart failure 5 (22.7) 13 (38.2) 0.036
Chronic kidney disease (CrCl <50 mL/min) 19 (86.4) 14 (41.2) 0.000
Atrial fibrillation 4 (18.2) 6 (17.6) 0.682
Hemoglobin (g/dL) 11.9±3.2 11.4±2.8 0.987
Hematocrit (%) 38.4±3.6 35.6±4.1 0.351
Body mass index (kg/m2) 26.5±1.9 26.3±1.6 0.371
Alberta Stroke Program Early CT Score 7.7±1.4 5.5±2.1 0.049
National Institute of Health Stroke Scale 10.3±4.6 18.9±5.8 0.026
Hospitalization day (d) 6.3±2.1 11.5±3.8 0.000

Values are presented as number (%) or mean±standard deviation.
CrCl, creatine clearance; CT, computed tomography.

Table 2. EPO and mRS between different collateral groups

Collateral flow Good Poor P-value

EPO (mIU/mL) 18.3±9.2 4.6±2.5 0.037
mRS (after 3 months) 1.7±0.5 3.4±1.2 0.042

Values are presented as mean±standard deviation.
EPO, erythropoietin; mRS, modified Rankin score.
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the kidneys that increases erythropoiesis by suppressing erythroid 

precursor apoptosis in the bone marrow to counteract anemia.5) EPO 

and its receptors are located in the brain and regulated in response to 

ischemic stroke.6) An increase in serum EPO level is associated with 

better functional outcome in ischemic stroke.7) Collateral cerebral 

blood flow in patients with acute ischemic stroke can be evaluated via 

a CT perfusion study using the collateral index, which showed better 

clinical outcomes.8)

 EPO levels are elevated in coronary chronic total occlusion patients 

and they had better coronary collateral vessel grade with reduced 

mortality.9) On the other hand, there was also conflicting result sug-

gesting that initial elevated EPO level is associated with poor outcome 

in ischemic stroke.1) The authors suggested that EPO is mainly a direct 

indicator of previous anemia, which is a known negative factor for 

stroke severity and recovery. There is another negative phase II/III 

clinical study that failed to show positive effects of intravenously ad-

ministered EPO within 48 hours after stroke onset. However, it should 

be noted that chronic severe anemia or vessel stenosis significantly 

stimulates the growth of collaterals.10) The mean subject age was rela-

tively low. In contrast, no significant correlation was noted between 

anemia and collaterals in the present study. However, our findings 

suggest that the elevated serum EPO levels in patients with acute cere-

bral infarction who visited the emergency department is probably re-

lated to the previous development of the cerebral collateral circulation. 

This is because a previous prospective study revealed that serum EPO 

concentration continues to increase during the acute stroke period to 

recover functional outcome.11) Therefore, our data for elevated serum 

EPO from the initial acute stroke period implicates previously pro-

grammed protective mechanisms from brain injury, such as collateral 

flow.

 A normal EPO level allows sufficient erythrocytes to replace dead 

cells in the blood and maintain oxygen flow to the renal oxygen sensor 

to ensure baseline levels of EPO synthesis.12) The red blood cell pro-

duction and mass are regulated by EPO and reduced oxygen in arterial 

blood due to anemia results in increased EPO production.13) EPO also 

acts as an angiogenic factor and regulates angiogenesis.14) Endothelial 

cell migration and proliferation are the key features in the angiogenic 

process and are stimulated by recombinant human EPO.15) Another 

benefit of a high serum EPO level involves its neuroprotective feature 

and promotion of the regeneration of injured neurons after stroke.16) 

However, in the acute stage of ischemic stroke, GC circulation is the 

most important finding that may lead to successful reperfusion in 

ischemic stroke and improve stroke outcome with thrombolytic and 

endovascular therapy.17) Therefore, an initial high serum EPO concen-

tration in acute ischemic stroke patients could be a good predictor of 

GC, leading to a good prognosis. Due to this advantage, it is clinically 

meaningful that the present study determined an accurate serum EPO 

cut-off value (9.1 mIU/mL) for GC to provide standards that can be 

referenced in emergency stroke treatment.
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