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Abstract

Aims In this retrospective study, we sought to delineate the collateral circulation status of acute ischemic stroke patients
by CT perfusion and evaluate 90-day modified Rankin Scale (mRS) scores of patients with good or poor collaterals and its
correlation with admission fasting plasma glucose (FPG).

Methods We enrolled acute ischemic stroke patients who presented to our hospital 4.5 h within an onset of the first episode
between January 2009 and December 2015. Neurological assessment was performed using the 90-day mRS scores (0-2 for
a favorable and 3-6 for an unfavorable neurologic outcome). Relative filling time delay (tfFTD) was evaluated by CT perfu-
sion scan. The primary outcomes were 90-day mRS scores stratified by good (tFTD <4 s) versus poor collateral circulation
(rFTD >4 s).

Results Totally 270 patients were included, and 139 (51.5%) patients achieved a favorable neurologic outcome. One hundred
eighty-five (68.5%) patients had good collateral circulation. Significantly greater portions of patients with good collateral
circulation (60.5%, 112/185) achieved a favorable neurologic outcome compared to those with poor collateral circulation
(31.8%, 27/85) (P <0.05). Patients with good collateral circulation achieving a favorable neurologic outcome had significantly
lower baseline FPG (6.6 + 1.96) than those with good collateral circulation achieving an unfavorable neurologic outcome
(8.12+4.02; P=0.002). Spearman correlation analysis showed that rFTD significantly correlated with 90-day mRS scores
(adjusted r=0.258; P <0.001) and admission FPG (r=0.286; P <0.001).

Conclusion Higher admission FPG levels are associated with significantly higher rates of unfavorable neurologic outcome of
acute ischemic stroke patients with good collateral circulation. FPG and rFTD may serve as useful predictors of short-term
patient outcome and could be used for risk stratification in clinical decision making.

Keywords Ischemic stroke - Admission fasting plasma glucose - Collaterals - Modified Rankin Scale - Large artery
occlusion - Relative filling time delay
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and the total number of stroke patients was estimated at 7
million in China in 2004 and has seen steady increase [1].
Predicting outcomes of acute stroke patients initially pre-
senting with neurologic deficits is crucial in decision making
regarding thrombolytic therapy [2, 3]. Admission hypergly-
cemia is very common in acute ischemic stroke patients with
areported prevalence over 40% [4]. Hyperglycemia has been
shown to predict a larger infarct size, poor prognosis, and a
higher risk of mortality independent of age, diabetic status,
stroke severity or stroke type [5-7].

However, it remains controversial that fasting plasma
glucose (FPG) levels are independently associated with a
poor functional outcome. Stead et al. [8] studied 447 con-
secutive patients who presented to emergency department
with acute ischemic stroke within 24 h of symptom onset
and found that hyperglycemia on presentation was associ-
ated with significantly poorer outcomes. Osei et al. [9] have
recently analyzed the data of 487 patients from the MR
CLEAN (Multicenter Randomized Clinical Trial of Endo-
vascular Treatment for Acute Ischemic Stroke in the Neth-
erlands) and found no significant interaction of either hyper-
glycemia or admission serum glucose levels with treatment
effect on modified Rankin Scale scores. The UK Glucose in
Stroke Trial (GIST) [10] and Treatment of Hyperglycemia in
Ischemic Stroke (THIS) study [11] also failed to demonstrate
beneficial effects of acute glucose control in acute stroke.

Cerebral collaterals are vascular redundancies in the cer-
ebral circulation that can partially maintain blood flow to
the ischemic penumbra when primary conduits are blocked
[12]. However, the functional outcome of acute ischemic
stroke patients with good or poor collaterals has not been
well delineated. Ischemic stroke is associated with increased
glucose metabolism in the ischemic penumbra and evidence
suggests that hyperglycemia may directly generate neuronal
toxicity by inducing a pro-oxidative and proinflammatory
state in the ischemic penumbra. Hyperglycemia is commonly
encountered in both diabetic and non-diabetic patients in
acute ischemic stroke. We reasoned that in ischemic stroke
patients, good collateral circulation may facilitate transport
of plasma glucose to the ischemic penumbra and hypergly-
cemia in stroke patients with good collateral circulation may
worsen glucose neurotoxicity, possibly leading to a poorer
neurologic outcome. In patients with poor collateral circula-
tion, plasma glucose levels may not be a prominent factor as
poor collateral blood flow hampers glucose transport to the
ischemic penumbra.

We were interested in whether admission plasma glu-
cose correlated with the clinical outcome of acute ischemic
stroke patients with good or poor collateral circulation. In
this retrospective study, we sought to delineate the collat-
eral circulation status of acute ischemic stroke patients by
CT perfusion and evaluate the neurologic outcome (90-day
modified Rankin Scale scores) of patients with good or

@ Springer

poor collaterals and its correlation with admission plasma
glucose.

Patients and methods
Patients

We reviewed the clinical and radiological records of acute
ischemic stroke patients who presented to our hospital
between January 2009 and December 2015. Ischemic stroke
was diagnosed by a neurologist according to the World
Health Organization criteria [13] and confirmed on CT, con-
ventional MRI brain imaging, or both. We included patients
if they (1) had a clinical diagnosis of primary acute ischemic
stroke with an onset of the first episode within the previous
4.5 h and (2) had an occlusion of the internal carotid artery
(ICA) or of the proximal (M1) or distal (M2) segments of the
middle cerebral artery (MCA) for this retrospective analysis.
Patients were excluded as if they (1) had other intracranial
pathologies such as tumor or infection, and (2) had a neu-
rological or psychiatric disease that could complicate neu-
rologic evaluation. The study protocol was approved by the
Melbourne Health Human Research Ethics Committee, and
patient consent was not required because of the retrospective
nature of the study.

Clinical evaluation

Baseline evaluation of patients was performed within 4.5 h
after stroke onset and included demographic data, medical
history, comorbidities including hypertension, diabetes, dys-
lipidemia, and atrial fibrillation, physical and neurological
examination. Smoking is defined as consumption of > 100
cigarettes/lifetime or > 10 pack year history. Blood pressure
was determined using the mean of 3 properly sized auto-
mated cuff readings, taken 1 min apart after 5 min of quiet
rest without staff in the room. Baseline FPG levels were
determined via the glucose oxidase method. Hyperglycemia
was defined as blood glucose > 7.8 mmol/L, and type 2 dia-
betes mellitus was diagnosed according to the 1999 World
Health Organization (WHO) criteria. Baseline volume of
intracerebral hemorrhage (ICH) was measured from the first
available CT scan. Neurological assessment was performed
using the modified Rankin Scale [14, 15] and the National
Institutes of the Health Stroke Scale (NIHSS) at admission
(baseline) and 90 days post-stroke onset. Patients were con-
sidered to have a favorable neurologic outcome if they had
a 90-day modified Rankin Scale score of 0-2) and an unfa-
vorable neurologic outcome if they had a 90-day modified
Rankin Scale score of 3-6 [16].
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Imaging analysis

All the patients underwent multimodal CT imaging includ-
ing non-contrast CT, CT perfusion, and CT angiography
before the reperfusion therapy as per our hospital stroke
protocol. The images were reviewed by using standard PACS
software. One stroke neurologist reviewed CTA images to
identify patients with complete occlusion of the ICA, M1 or
M2. Relative filling time delay (rfFTD) was defined using the
unprocessed 4D-CTA images as the time difference of the
first contrast pacification in the MCA branches in the Syl-
vian fissure of the affected hemisphere compared to that in
the corresponding contralateral non-affected MCA branches
[17]. rfFTD was independently assessed by 2 neurologists
(F.W. and B.S.].) blinded to clinical outcomes. rFTD <4 s
was defined as good collateral circulation and >4 s as poor
collateral circulation. The agreement on rFTD assessment
between two observers was calculated with a Kappa coef-
ficient of 0.735 (P <0.001) for inter-observer agreement.

Statistical analysis

The primary outcomes of this study were neurologic out-
come based on 90-day modified Rankin Scale scores strati-
fied by good versus poor collateral circulation. The second-
ary outcomes were 90-day mortality and ICH stratified by
good versus poor collateral circulation. For the comparison
of variables between two groups, Fisher’s exact test and Chi-
square test were used for categorical data, and Wilcoxon two
sample tests and Student’s 7 test were used for continuous
data. Spearman’s nonparametric rank correlation was per-
formed to assess the correlation between rFTD and baseline
FPG, baseline NIHSS scores, and 90-day modified Rankin
Scale scores. Logistic regression analysis was performed to
investigate the association among clinical outcome, baseline
FPG, and rFTD. The AUC was calculated by plotting the
ROC of plasma glucose and adverse outcomes and the cutoff
was obtained when Youden’s index was maximal.

A two-sided P value <0.05 was considered to indicate
statistical significance. STATA Version 12 (Stata Corp, Col-
lege Station, Texas) was used for statistical analyses.

Results
Patient demographic and baseline characteristics

The study flowchart is shown in Fig. 1. Between January
2009 and December 2015, 532 patients with acute ischemic
stroke presented to Royal Melbourne Hospital within 4.5 h
from onset of stroke symptoms. Two hundred sixty-two
patients were excluded because of lack of stroke evidence on
CT or MRI (n=48), occlusion of vessels other than the ICA

or MCA (n=146) or missing data including baseline FPG
(n=68). Finally, 270 patients were included in this retro-
spective analysis. Patient demographic and baseline charac-
teristics are shown in Table 1. The median age of the patients
was 74.00 years, and 54.1% were men. The median baseline
NIHSS score was 14.00 (IQR, 9.00-19.00). Occlusion was
present in the ICA in 64 (23.70%) patients, M1 MCA in 111
(41.11%) patients, and M2 MCA in 95 (35.19%) patients.
The mean baseline FPG was 7.51 +2.97 mmol/L for the
study population. Seventy-two (26.7%) patients had diabetes.
The mean door to needle time was 66.05 +45.31 min (range
5.00-224.00 min).

Patient collateral circulation characteristics

The mean rFTD was 3.52+2.97 s (range 0.00-16.00 s).
One hundred eighty-five (68.5%) patients had good collat-
eral circulation. Patients with occlusion in the M2 segment
had the lowest rFTD (1.48 +1.76 s) followed by patients
with occlusion in the ICA in (3.91 +3.17 s), while patients
with occlusion in the M1 segment had the highest fFTD
(5.05+2.67 s; P=0.000). The mean rFTD was comparable
between patients with diabetes (3.93 +3.4 s) and those with-
out (3.37+2.79 s; P=0.324) (Fig. 2a).

Patients with good collateral circulation had a signifi-
cantly higher percentage of males (59.46%) than those with
poor collateral circulation (42.35%; P=0.009) (Table 2).
Patients with good collateral circulation had significantly
lower baseline FPG (7.20 +3.03 mmol/L) than those with
poor collateral circulation (8.20+2.73 mmol/L; P <0.001)
(Fig. 2b). They also had significantly lower baseline NIHSS
scores (12.28 +6.39) than patients with poor collateral cir-
culation (18.27 +6.13; P<0.001). Occlusion occurred most
often in M2 in patients with good collateral circulation
(48.11%), but in M1 in those with poor collateral circulation
(69.41%; P <0.001). Patients with good and poor collateral
circulation were comparable in other demographic and base-
line variables (Table 2 and Supplementary Table 1). Base-
line FPG in non-diabetic patients with good collateral circu-
lation (6.55 +1.91 mmol/L) was also significantly lower than
those with poor collateral circulation (7.95 +2.72 mmol/L;
P <0.001) (Fig. 2c). However, there was no statistically sig-
nificant difference in baseline FPG between diabetic patients
with good (9.09 +4.59 mmol/L) and poor collateral circula-
tion (8.82+2.71 mmol/L; P <0.001) (Fig. 2d).

Primary outcome

Totally 139 (51.5%) patients achieved a favorable neurologic
outcome based on the 90-day modified Rankin Scale scores.
Significantly greater portions of patients with good collateral
circulation (60.5%, 112/185) achieved a favorable neurologic
outcome compared to those with poor collateral circulation
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Fig. 1 The study flowchart

Suspected acute ischemic stroke

N=532

90-day mRS (N=11)
Others (N=13)

Lack of imaging stroke
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CT (N=23)
MRI (N=25)
Acute ischemic stroke
N=484
Occlusion of vessels other
than ICA or MCA
PCA (N=58)
ACA(N=39)
Lacunar infarct (N=49)
Acute ischemic stroke
dueto ICA or MCA
N=338
Missing data
FPG (N=36)

Baseline NIHSS (N=8)

(31.8%, 277/85) (P <0.05) (Table 3). Patients with good col-
lateral circulation achieving a favorable neurologic outcome
had significantly lower baseline FPG (6.6 + 1.96) than those
with good collateral circulation achieving an unfavorable
neurologic outcome (8.12+4.02; P=0.002) (Fig. 3a). By
contrast, patients with poor collateral circulation achieving
a favorable neurologic outcome showed comparable base-
line FPG (7.57 +2.41) versus those with poor collateral
circulation achieving an unfavorable neurologic outcome
(8.49 +2.84 mmol/L; P=0.088) (Fig. 3b).

Spearman correlation analysis showed that rFTD signifi-
cantly correlated with 90-day modified Rankin Scale scores
(r=0.318; P<0.001) for the study population (Table 4).
The correlation between rFTD and 90-day modified Rankin
Scale scores still remained statistically significant after
adjustment for FPG (r=0.258; P <0.001). Furthermore,
rFTD correlated with modified Rankin Scale scores both
in diabetes patients (r=0.446; P <0.001) and non-diabetes
patients (r=0.181; P <0.001) after adjustment for FPG. In
addition, rFTD significantly correlated with baseline FPG
(r=0.286; P<0.001).
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The study population
N=270

Secondary outcomes

Forty-seven (17.4%) patients died. The 90-day mortality was
significantly lower in patients with good collateral circula-
tion (9.2%, 17/185) than those with poor collateral circu-
lation (35.3%, 30/85; P <0.05) (Table 4). In patients with
good collateral circulation, those who died had significantly
higher baseline FPG (10.99 +5.61 mmol/L) than those who
survived (6.81 +2.35 mmol/L; P=0.000) (Fig. 4a). By con-
trast, in patients with poor collateral circulation, no statisti-
cally significant difference was observed in baseline FPG
between those who died (7.65 + 1.86 mmol/L) and those
who did not (8.51 +3.08 mmol/L; P =0.372) (Fig. 4b).

In addition, 56 (20.7%) patients experienced ICH within
24 h of stroke onset. Significantly higher proportions of
patients with poor collateral circulation (31.8%, 27/85)
than those with good collateral circulation (15.7%, 29/185;
P <0.05) experienced ICH (Table 4). In patients with good
collateral circulation, no statistically significant difference
was observed in baseline FPG between those who devel-
oped ICH (8.21 +4.52 mmol/L) and those who did not
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Table 1 Patient demographic and baseline data

Variables All
No. 270
Age (years)
Mean (SD) 71.26 (13.44)
Median (range) 74.00 (22.00, 97.00)
Male gender 146 (54.07)
FPG (mmol/L)
Mean (SD) 7.51(2.97)
Median (range) 6.60 (3.50, 24.20)
Cholesterol (mmol/L)
Mean (SD) 4.31 (1.06)
Median (range) 4.30 (2.10, 7.80)
HDL (mmol/L)
Mean (SD) 1.17 (0.33)
Median (range) 1.10 (0.40, 2.20)
LDL (mmol/L)
Mean (SD) 2.66 (2.46)
Median (range) 2.40 (0.80, 35.00)
TG (mmol/L)
Mean (SD) 1.40 (0.66)
Median (range) 1.20 (0.50, 5.50)
Diabetes 72 (26.7)
Hypercholesterolemia 110 (40.74)
Hypertension 179 (66.30)
Ischemic heart disease 49 (18.15)
Atrial fibrillation 106 (39.26)
Smoking 64 (23.70)
Stroke 37 (13.70)
TIA 19 (7.04)
Baseline NIHSS score®
Mean (SD) 14.17 (6.89)
Median (range) 14.00 (0.00, 39.00)
SBP (mm Hg)
Mean (SD) 147.68 (25.70)
Median (range) 147.50 (90.00, 230.00)
DBP (mm Hg)
Mean (SD) 78.54 (15.18)
Median (range) 80.00 (37.00, 121.00)
Occlusion site
M1 111 (41.11)
M2 95 (35.19)
ICA terminus 64 (23.70)
DNT (min)
Mean (SD) 66.05 (45.31)
Median (range) 57.00 (5.00, 224.00)
Mean (SD) 3.52(2.97)

Median (range)

3.00 (0.00, 16.00)

Data are presented as number (percentage) of patients unless other-
wise indicated

DBP diastolic blood pressure, DNT door to needle time, /CA inter-
nal carotid artery, N/HSS National Institutes of Health Stroke Scale,
rFTD relative filling time delay, SBP systolic blood pressure

*National Institutes of Health Stroke Scale (NIHSS) scores range

from O to 42, with higher scores indicating more severe neurologic
deficits

(7.01 £2.65 mmol/L; P=0.324) (Fig. 4c). Meanwhile, in
patients with poor collateral circulation, those who devel-
oped ICH had higher but statistically insignificant base-
line FPG (9.26 +3.58 mmol/L) than those who did not
(7.71 £2.09 mmol/L; P=0.050) (Fig. 4d).

Subgroup analysis

Totally 138 (138/270, 51.1%) patients were non-diabetic
and had good collateral circulation and 63.8% (88/138) of
them had a favorable neurologic outcome and 50 (50/138,
36.2%) had an unfavorable outcome. Subgroup analysis
further showed non-diabetic patients with good collateral
circulation who achieved a favorable neurologic outcome
were noticeably younger than those who achieved an unfa-
vorable neurologic outcome (P =0.009) (Table 5). They
also had a significantly lower NIHSS score than those who
achieved an unfavorable neurologic outcome (P =0.012).
Furthermore, non-diabetic patients with good collateral cir-
culation who achieved a favorable neurologic outcome had
significantly lower baseline FPG than those who achieved an
unfavorable neurologic outcome (P =0.008). In the logistic
analysis model using unfavorable 90-day modified Rankin
Scale as a dependent variable, after adjustment for DBP,
SBP, NIHSS, age and atrial fibrillation, FPG was associated
with increased risk of an unfavorable neurologic outcome
[OR(95% CI)=1.247(1.026,1.517); P=0.027)].

Eight (5.8%) non-diabetic patients with good collateral
circulation died. They had significantly higher baseline
DBP than those who were alive (P=0.007) (Supplementary
Table 1). Patients who died also had markedly higher base-
line FPG than those who were alive (P=0.001). In the logis-
tic analysis model using death as a dependent variable, after
adjustment for DBP, FPG was associated with increased risk
of death [OR(95% CI)=1.532(1.114,2.108); P=0.009)].

For non-diabetic patients with good collateral circulation,
ROC analysis showed that baseline FPG had an AUC of
0.636 (95% CI 0.537-0.735) for an unfavorable neurologic
outcome and that at a cutoff of 6.25, the sensitivity was 0.64
and the specificity was 0.682 (Fig. 5a and Supplementary
Table 2). In addition, baseline FPG had an AUC of 0.839
(95% C10.745-0.933) for 90-day mortality and at a cutoff of
6.45, the sensitivity was 1.00 and the specificity was 0.685
(Fig. 5b).

Discussion

The current study revealed that 68.5% of the study popula-
tion had good collateral circulation and their baseline FPG
was significantly lower than that of patients with poor collat-
eral circulation. Importantly, significantly greater portions of
patients with good collateral circulation achieved a favorable
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neurologic outcome versus those with poor collateral circu-
lation. Furthermore, collateral circulation significantly cor-
related with 90-day modified Rankin Scale scores, even after
adjustment for baseline FPG. Our findings are consistent
with earlier studies [17-19] and demonstrate that collateral
circulation status is associated with the functional outcome
of acute ischemic stroke patients.

Cao et al. [17] hypothesized that delayed filling of the
middle cerebral artery (MCA) in the Sylvian fissure due to
poor collateral flow may be associated with worse radiologic
and functional outcome after ischemic stroke, and using CT
perfusion, they demonstrated that rtFTD was a useful inde-
pendent predictor of clinical outcome after ischemic stroke.
Dankbarr et al. [18] analyzed a prospective cohort of 188
acute ischemic stroke patients with a M1 MCA occlusion
and found that patients with poor collateral filling by CT per-
fusion had a significantly worse outcome (90-day modified
Rankin Scale 3-6; 80% vs. 52%, P=0.001). Similar findings
were also reported by van Seeters et al. [19]. We also dem-
onstrated that rFTD correlated with the neurologic outcome
of acute ischemic stroke patients (r=0.318; P <0.001; good
collaterals: 60.5% vs. poor collaterals: 31.8%).

Hyperglycemia is commonly encountered in both diabetic
and non-diabetic patients in acute ischemic stroke and is
found in 30-40% of patients with acute ischemic stroke [16,
20]. Although admission plasma glucose has been found
to be an independent prognostic predictor of neurologic
outcome of acute ischemic stroke patients, this statistical
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predictor function has not been proven therapeutically.
Clinical investigations aiming for glucose control in acute
ischemic stroke have failed to improve functional outcome
or reduce mortality [11, 21]. We speculate that this fail-
ure can be partially attributed to the heterogeneity of acute
ischemic stroke patients. This study delineated the collateral
circulation status of acute ischemic patients by CT perfu-
sion and defined a subset of non-diabetic acute ischemic
stroke patients with good collateral circulation. This subset
constituted a significant proportion (51.1%) the study popu-
lation. Moreover, 63.8% of this subset of patients achieved
a favorable neurologic outcome versus 51.5% of the total
study population and 36.2% of non-diabetic acute ischemic
stroke patients with poor collateral circulation. Non-diabetic
acute ischemic stroke patients with good collateral circula-
tion also had a higher rate of favorable neurologic outcome
than non-diabetic acute ischemic stroke patients (56.6%)
and non-diabetic acute ischemic stroke patients in general
(37.5%) (Supplementary Table 3). These findings indicate
that non-diabetic acute ischemic stroke patients with good
collateral circulation represent a subset of acute ischemic
stroke patients with the best 90-day neurologic outcome.
Higher admission plasma glucose is an independent pre-
dictor of poor neurologic outcome and mortality in acute
ischemic stroke patients [22]. We further investigated the
association of baseline FPG with neurologic outcome of
non-diabetic acute ischemic stroke patients with good col-
lateral circulation. We found that baseline FPG correlated
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Table 2 Patient dcmographic Variables Good collateral Poor collateral Statistical volume P values®
and baseline data stratified by circulation circulation
collateral circulation
Male gender 110 (59.46) 36 (42.35) 6.862 0.009
Mean FPG (SD) (mmol/L) <0.001
<6.0 78 (42.16) 14 (16.47) 28.00 0.000
6.0<FPG<7.0 48 (25.95) 18 (21.18)
7.0<FPG<8 15 (8.11) 13 (15.29)
8.0<FPG<9 13 (7.03) 17 (20.00)
9.0<FPG< 10 9 (4.86) 10 (11.76)
1.0<FPG<12 10 (5.41) 6 (7.06)
12.0<FPG 12 (6.49) 7 (8.24)
Occlusion site
ICA terminus 44 (23.78) 20 (23.53) 52.06 0.000
M1 52 (28.11) 59 (69.41)
M2 89 (48.11) 6 (7.06)
Hypertension
Yes 123 (66.49) 56 (65.88) 0.009 0.922
Diabetes
Yes 47 (25.41) 25(29.41) 0.478 0.489
Smoking
Yes 44 (23.78) 20 (23.53) 0.002 0.964
Hypercholesterolemia
Yes 73 (39.46) 37 (43.53) 0.399 0.527
Ischemic heart disease
Yes 38 (20.54) 11 (12.94) 2.264 0.132
Atrial fibrillation
Yes 68 (36.76) 38 (44.71) 1.543 0.214
Stroke
Yes 24 (12.97) 13 (15.29) 0.265 0.606
TIA
Yes 15 (8.11) 44.71) 1.030 0.310

Data are presented as number (percentage) of patients unless otherwise indicated

4Chi-square test

Table 3 Clinical outcomes of the study patients according to good
versus poor collateral circulation

Good collateral ~ Poor collateral P values
circulation circulation
90-day mRS
Favorable 112 (60.54) 27 (31.76) 0.000
Unfavorable 73 (39.46) 58 (68.24)
90-day mortality
Died 17 (9.19) 30 (35.29) 0.000
Alive 168 (90.81) 55 (64.71)
24-h intracerebral
hemorrhage
Yes 29 (15.68) 27 (31.76) 0.002
No 156 (84.32) 58 (68.24)

with 90-day modified Rankin Scale scores of these patients,
even after adjustment for rFTD, and was associated with
increased risk of an unfavorable neurologic outcome
[OR(95% CI)=1.247(1.026,1.517); P=0.027)]. ROC
analysis further showed that admission plasma glucose
had an AUC of 0.636 (95% CI 0.537-0.735) for an unfa-
vorable neurologic outcome. Earlier studies have indicated
that hyperglycemia in acute ischemic stroke is associated
with increased morbidity and mortality [14, 23, 24]. The
results of the Safe Implementation of Treatments in Stroke
International Stroke Thrombolysis Register (SITS-ISTR)
showed that admission hyperglycemia was an independ-
ent predictor of higher mortality and lower independence
[25]. An earlier systemic review of more than twenty studies
revealed that acute hyperglycemia predicts increased risk of
in-hospital mortality after ischemic stroke in non-diabetic
patients and increased risk of poor functional recovery in
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Fig.3 a Baseline FPG in acute
ischemic stroke patients with
good collateral circulation
achieving a favorable versus

an unfavorable neurologic
outcome. b Baseline FPG in
acute ischemic stroke patients
with poor collateral circulation
achieving a favorable versus an
unfavorable neurologic outcome
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non-diabetic stroke survivors [20]. The results of our study
support the proposition that admission PFG levels predict
short-term outcome of non-diabetic acute ischemic stroke
patients with good collateral circulation. It currently remains
unclear whether hyperglycemia in acute ischemic stroke is
an epiphenomenon of underlying stroke severity or if itself is
directly harmful to the ischemic brain [16]. It remains to be
investigated whether lowering plasma glucose in this subset
of acute ischemic stroke patients translates into improved
functional outcome of these patients.

Furthermore, rFTD correlated with the short-term neuro-
logic outcome of acute ischemic stroke patients, and in both
diabetes and non-diabetes patients. These findings suggest
that rFTD may be a useful predictor of short-term neurologic
outcome of acute ischemic stroke patients. Collateral circu-
lation plays an important role in maintaining tissue viability
during large vessel occlusion. Good collateral circulation
can limit infarct volume expansion and improve functional
status in ischemic stroke patients, while poor collateral cir-
culation is insufficient to sustain cerebral perfusion in the
penumbra and increased infarct volume [26]. Previous stud-
ies have indicated that variations in collateral circulation
anatomy might be associated with infarct volume expan-
sion in high glucose patients with good collateral circula-
tion. Prado et al. [27] reported that cortical infarct regions
were vulnerable to the deleterious effects of high glucose in
the presence of collateral circulation. We also observed that
FPG correlated with rFTD in non-diabetic acute ischemic
stroke patients.

Mitchell et al. [28] demonstrated that a significant
proportion of patients admitted to hospital with stroke or
transient ischemic attack had undiagnosed diabetes mel-
litus with 37% patients experiencing hyperglycemia on at
least one occasion during the first 5 days of admission.
Bravata et al. [29] demonstrated that hyperglycemic stroke
patients without a previous diagnosis of diabetes are not
routinely screened for diabetes. Gray et al. [30] studied
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Favorable Unfavorable

Neurologic outcome

582 consecutive acute stroke patients and found that at
12 weeks post-admission impaired glucose tolerance or
diabetes mellitus were present in two-thirds of survivors
presenting with post-stroke hyperglycemia. Masrur et al.
[31] identified 58,265 acute ischemic stroke patients
receiving tPA therapy and found that hyperglycemia was
associated with a poorer neurologic outcome. Given the
common occurrence of hyperglycemia in both diabetic and
non-diabetic stroke patients, it is important to be vigilant
in the detection of hyperglycemia in acute ischemic stroke
patients and also important to identify the subpopulation
of hyperglycemic acute ischemic stroke patients that are
truly at risk of an adverse neurologic outcome.

We know that cerebral collaterals can partially maintain
blood flow to the ischemic penumbra in acute ischemic
stroke. We theorized that in ischemic stroke, good collateral
circulation may facilitate transport of plasma glucose to the
ischemic penumbra, thus worsening glucose neurotoxicity
and neurologic outcome, which may not occur in ischemic
stroke patients with poor collateral circulation. The current
study found that, indeed, higher admission FPG levels are
associated with significantly higher rates of unfavorable neu-
rologic outcome of acute ischemic stroke patients with good
collateral circulation, but not in those with poor collateral
circulation. Our findings also showed significant correlation
between baseline FPG and rFTD, suggesting that baseline
FPG and rFTD may serve as useful predictors of short-term
patient outcome and for risk stratification of hyperglyce-
mic acute ischemic stroke patients. Hyperglycemia remains
under-monitored, undertreated and underreported in acute
ischemic stroke patients. Our study highlights the clinical
significance of collateral circulation status in hyperglycemic
acute ischemic stroke patients and shows that the subpopula-
tion of acute ischemic stroke patients with acute hypergly-
cemia who have good collateral circulation should be more
closely monitored and promptly treated to lessen an adverse
neurologic outcome.
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Table 4 Correlation analysis of baseline variables and modified Rankin Scale scores

Variables Spearman correlation  All
Age FPG rFTD NIHSS mRS
NIHSS r 0.015 0.180 0.451 - 0.352
P 0.807 0.003 <0.001 <0.001
Age r - 0.164 0.047 0.015 0.327
P 0.007 0.439 0.807 <0.001
FPG r 0.164 - 0.286 0.180 0.325
P 0.007 <0.001 0.003 <0.001
FPG* r 0.157 0.062 0.258
P 0.010 0.310 <0.001
rFTD r 0.047 0.286 - 0.451 0.318
P 0.439 <0.001 <.0001 <0.001
FTDP r - - - 0.424 0.258
P <0.001 <0.001
Variables Spearman correlation  Diabetes
Age FPG rFTD NIHSS mRS
NIHSS r -0.029 0.059 0.542 - 0.337
P 0.812 0.623 <0.001 0.004
Age r - 0.165 -0.032 -0.029 0.293
P 0.166 0.792 0.812 0.013
FPG r 0.165 - 0.142 0.059 0.254
P 0.166 0.233 0.623 0.031
rFTD r -0.032 0.142 - 0.542 0.420
P 0.792 0.233 <0.001 <0.001
rFTD® r - - - 0.540 0.446
P <0.001 <0.001
Variables Spearman correlation  No diabetes
Age FPG rFTD NIHSS mRS
NIHSS r 0.053 0.128 0.397 - 0.337
P 0.457 0.073 <0.001 <0.001
Age r - 0.100 0.092 0.053 0.335
P 0.160 0.198 0.457 <0.001
FPG r 0.100 - 0.288 0.128 0.228
P 0.159 <0.001 0.073 0.001
rFTD r 0.092 0.288 - 0.397 0.286
P 0.198 <0.001 <0.001 <0.001
tFTD® r - - - 0.366 0.181
P <0.001 0.011

4rFTD was adjusted; YFPG was adjusted

This study had several limitations. First, it is an obser-
vational exploratory study based on retrospective analysis.
Second, there were a relatively low number of patients in
poor collateral group. Third, we do not have any time course
data on glucose levels. FPG was only registered once at
admission. Nitaios et al. [32] showed that FPG at 24-48 h
post-stroke onset did not predict a worse function outcome
of acute ischemic stroke patients. Luitse et al. [33] found that

chronic hyperglycemia was associated with a poor functional
outcome independent of acute hyperglycemia. It would be
worthwhile to further delineate the relation of FPG at dif-
ferent time points with patient outcome. Furthermore, Alc
was not used to assess patient diabetic status. Hyperglycemia
itself may be due to stress or undiagnosed diabetes and it
remains possible that a previous undiagnosed diabetic sta-
tus cannot be excluded without Alc dosage at admission
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Table 5 Comparison Of_ basgline Baseline variables Favorable neurologic Unfavorable neurologic P values
characteristics of non-diabetic outcome outcome
patients with good collateral
circulation who had achieved a No.(%) 88 (63.8) 50 (36.2)
favorable versus an unfavorable 1. 00 (SD) (years) 67.59+14.81 74.28+12.43 0.009
neurologic outcome
Male gender 40 (45.45) 21 (42.00) 0.694
Mean FPG (SD) (mmol/L) 6.25+1.43 7.08+2.46 0.008
Hyperlipidemia 51 (57.95) 35 (70.00) 0.160
Atrial fibrillation 27 (30.68) 23 (46.00) 0.072
Mean baseline NIHSS score (SD) 11.28+£6.36 14.08 +5.61 0.012
Mean SBP (SD) (mm Hg) 146.4 +26.52 155.6+26.49 0.045
Mean DBP (SD) (mm Hg) 79.51+15.35 84.02+13.9 0.103
Occlusion site 0.239
Ml 23 (26.14) 20 (40.00)
M2 43 (48.86) 20 (40.00)
ICA terminus 22 (25.00) 10 (20.00)
Mean DNT (SD) (min) 63.5+48.42 64.11+41.97 0.598

or during hospital stay. Lastly, for observing the effect of = neurologic outcome of non-diabetic acute ischemic stroke

collateral status on the correlation between admission FPG ~ patients with good collateral circulation. FPG and rFTD

and outcome, patients included in our study were those with ~ may serve as useful predictors of short-term patient out-

large artery occlusion and within 4.5 h from symptom onset. ~ come and could be used for risk stratification in clinical
In conclusion, higher admission FPG levels are asso-  decision making.

ciated with significantly higher rates of unfavorable
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