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Abstract
Background and purpose  Clinical outcome after endovascular thrombectomy in patients with acute ischemic stroke still 
varies significantly. Higher blood glucose levels (BGL) have been associated with worse clinical outcome, but the pathophysi-
ological causes are not yet understood. We hypothesized that higher levels of BGL are associated with more pronounced 
ischemic brain edema and worse clinical outcome mediated by cerebral collateral circulation.
Methods  178 acute ischemic stroke patients who underwent mechanical thrombectomy were included. Early ischemic brain 
edema was determined using quantitative lesion water uptake on initial computed tomography (CT) and collateral status was 
assessed with an established 5-point scoring system in CT-angiography. Good clinical outcome was defined as functional 
independence (modified Rankin Scale [mRS] score 0–2). Multivariable logistic regression analysis was performed to predict 
functional independence and linear regression analyses to investigate the impact of BGL and collateral status on water uptake.
Results  The mean BGL at admission was significantly lower in patients with good outcome at 90 days (116.5 versus 
138.5 mg/dl; p < 0.001) and early water uptake was lower (6.3% versus 9.6%; p < 0.001). The likelihood for good outcome 
declined with increasing BGL (odds ratio [OR] per 100 mg/dl BGL increase: 0.15; 95% CI 0.02–0.86; p = 0.039). Worse 
collaterals (1% water uptake per point, 95% CI 0.4–1.7%) and higher BGL (0.6% per 10 mg/dl BGL, 95% CI 0.3–0.8%) were 
significantly associated with increased water uptake.
Conclusion  Elevated admission BGL were associated with increased early brain edema and poor clinical outcome mediated 
by collateral status. Patients with higher BGL might be targeted by adjuvant anti-edematous treatment.

Introduction

Endovascular thrombectomy is of benefit to patients with 
acute ischemic stroke caused by a large vessel occlusion 
in the anterior circulation [9]. Despite substantial improve-
ments in clinical outcomes as demonstrated by the recent 
prospective trials, there is still a relevant number of patients 
who do not experience good functional outcome even after 
successful vessel recanalization [40]. Therefore, the early 
identification of factors associated with poor outcome is of 
importance for treatment selection, but especially for fur-
ther potential targets of adjuvant treatment options [11, 17, 
32–34].

Elevated levels of blood glucose are well known to be 
linked with poor clinical outcome [16, 25–27, 41]. In a 
recently published meta-analysis, higher admission blood 
glucose levels were associated with unfavorable functional 
outcome [16]. Animal studies suggested that hyperglycemia 
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accelerates the transformation of ischemic penumbra into 
infarction and leads to larger infarcts [18, 19]. Yet, the 
pathophysiological mechanisms for this association remain 
to be determined. Altered blood–brain barrier permeabil-
ity or increased lactic acid production in the ischemic tis-
sue have been discussed as pathophysiological causes [16]. 
Recently, higher blood glucose has been described as a 
baseline predictor for early cerebral edema; however, in this 
study, edema was only estimated using a visual three-step 
approach, which primarily rated infarct size [41]. Neverthe-
less, this study introduced elevated early brain edema as one 
explanatory factor, whose pathophysiology is not yet entirely 
understood and matter of the current debate [5]. As edema 
can lead to severe complications within the first days after 
stroke onset, with mortality up to 80%, identifying possible 
risk factors or mediators for early edema formation could 
lead to important clinical implications and might be targeted 
by advanced treatment strategies [10].

The purpose of this study was to investigate the relation-
ship of BGL and early brain edema using lesion water uptake 
as quantitative imaging biomarker. Elevated levels of water 
uptake using this biomarker have been reported to predict 
malignant infarctions [3]. As the impact of blood glucose 
levels on clinical outcome might be mediated by the collat-
eral profile as recently observed, we analyzed this parameter 
as a important covariable and possible link between brain 
edema and clinical outcome.

Methods

Patients

We retrospectively analyzed acute ischemic stroke patients 
with large vessel occlusion of the middle cerebral artery 
territory admitted between February 2015 and May 2018 
at the local university high-volume tertiary stroke center. 
Anonymized data were recorded in accordance with ethical 
review board approval and institutional review board waived 
informed consent. The data that support the findings of this 
study are available from the corresponding author upon 
reasonable request. The a priori defined inclusion criteria 
were: (1) acute ischemic stroke with large vessel occlu-
sion of the distal internal carotid artery or middle cerebral 
artery (MCA) confirmed by multimodal CT on admission 
(non-enhanced CT [NECT], CT angiography [CTA], and 
CT perfusions [CTP]) within 6 h from symptom onset; (2) 
visually evident early infarct lesion as indicated by ischemic 
hypoattenuation in admission NECT and/or perfusion lesion 
with reduced cerebral blood volume [CBV] in CTP; (3) sub-
sequently performed endovascular procedure with docu-
mented Thrombolysis In Cerebral Infarctions (TICI) score; 
(4) documented time from symptom onset to imaging and 

National Institute of Health Stroke Scale (NIHSS) score; (5) 
absence of intracranial hemorrhage and preexisting infarc-
tions in admission NECT. Baseline clinical characteristics 
and demographic information were deducted from the med-
ical records, including time from onset to admission and 
blood glucose at admission, as well as anti-diabetic medi-
cation including insulin. A history of diabetes mellitus was 
retrieved from clinical documentation. Functional outcome 
was extracted from the registry using modified Rankin Scale 
(mRS) scores after 90 days.

Imaging

Patients received a comprehensive stroke imaging proto-
col by multimodal CT at admission with NECT and CTA 
and additional CTP in equal order on an iCT 256™ scanner 
(Philips Healthcare, Best, The Netherlands). NECT: collima-
tion 64 × 0.625, pitch 0.297, rotation time 0.4 s, field of view 
(FOV) 270 mm, tube voltage 120 kV, tube current 300 mA, 
4.0 mm slice reconstruction. CTA: collimation 64 × 0.625, 
pitch 0.985, rotation time 0.4 s, FOV 220 mm, tube voltage 
120 kV, 300 mAs, 2.0 mm slice reconstruction, 5 mm maxi-
mum intensity projection (MIP) reconstruction with 1 mm 
increment. CTP: collimation 64 × 1.25, rotation time 0.5 s, 
FOV 220 mm, tube current 80 kV, tube current 140 mAs, 
5 mm slice reconstruction, slice sampling rate 1.8 s, scan 
time 72 s, biphasic injection with 40 ml of highly iodinated 
contrast medium with 400 mM/ml injected with 6 ml/s fol-
lowed by 40 ml NaCl chaser bolus. Perfusion datasets were 
inspected for quality and excluded in case of severe motion 
artifacts.

Image analysis

All CT imaging material was anonymized at an external 
imaging core lab for blinded analysis. We used a standard-
ized procedure to quantify early net lesion water uptake 
(NWU) in the ischemic core lesion at the time of admission 
imaging as reported elsewhere [2, 3, 22, 23] using commer-
cially available software (Analyze 11.0, Biomedical Imag-
ing Resource, Mayo Clinic, Rochester, MN). This method 
of determining the volume of water uptake due to ischemic 
brain edema has initially been described as biomarker to 
estimate lesion age and has subsequently been validated 
extensively in further in vitro and in vivo studies [1, 2, 22]. 
It has specifically been demonstrated how hypoattenuation in 
CT is directly related to the volume of water uptake, and how 
this imaging biomarker may be used to precisely quantify 
ischemic edema [2, 3, 23].

Collateral status was assessed using an established 5-point 
scoring system by Souza et al. [39]. The rating was per-
formed by an experienced neuroradiologist (GB; > 3 years) 
and verified by a second experienced neuroradiologist (UH; 
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> 8 years). Intracranial CTA maximum intensity projec-
tions (MIPs) were used for grading: 0 = absent collaterals in 
> 50% of an MCA-M2 branch (superior or inferior division) 
territory; 1 = diminished collaterals in > 50% of an MCA-
M2 branch territory; 3 = collaterals equal to the contralateral 
hemisphere; and 4 = increased collaterals [39]. Poor collater-
als were defined as grade 0–2 and good collaterals as 3–4 
according to Kim et al. [12]. Alberta Stroke Program Early 
CT Scores (ASPECTS) were deducted from the clinical 
documentations. In this context, the rating is regularly per-
formed by an experienced neuroradiologist and verified by a 
second attending neuroradiologist. These scores were finally 
controlled for accuracy in a consensus reading (GB and UH). 
Image analysis was performed blinded to clinical data.

Statistical analysis

Continuous variables are presented as means or confidence 
intervals (CI) of means, standard deviations (SD) or medians 
and interquartile ranges (IQR). Kolmogorov–Smirnov tests 
were used to determine if the data sets were well-modeled by 
a normal distribution. Patients with good clinical outcome 
(mRS 0–2) were compared to patients with worse outcome 
(mRS 3–6) in Table 1 using Student t tests (normal distribu-
tion) or Mann–Whitney U tests (non-normal distribution). 

Moreover, patients below or above 140 mg/dl BGL were 
compared according to recent references [12, 20, 38].

The relationship of BGL on early edema (NWU in 
admission CT) was analyzed using multivariable linear 
regression adjusted for collateral status as important 
covariable, as well as ASPECTS, age, and NIHSS. Col-
lateral status was examined as continuous variable and 
dichotomized into “poor” and “good” collaterals. The 
association of BGL on clinical outcome was analyzed 
using univariable and multivariable logistic regression 
analysis with backward selection adjusted for collateral 
score, age, NIHSS, ASPECTS, NWU, and recanalization 
status (Table 2). The dependent variable was functional 
independence (mRS 0–2). A three-dimension surface plot 
was created displaying the probability for functional inde-
pendence for BGL and NWU separately for patients with 
poor (0–2) and good collaterals (3–4) based on multivari-
ate logistic regression.

A two-way ANOVA analysis was performed with early 
ischemic brain edema as dependent variable and blood 
glucose (<140 mg/dl versus > 140 mg/dl) and collaterals 
(good versus poor collaterals) as dependent variables.

A statistically significant difference was accepted at a 
p-value of less than 0.05. Analyses were performed using 
MedCalc (version 11.5.1.0; Mariakerke, Belgium) and R 
(R Core Team. R: A Language and Environment for Statis-
tical Computing. R Foundation for Statistical Computing. 
Vienna, Austria, 2017).

Table 1   Patient characteristics

IQR interquartile range, NIHSS National Institute of Health Stroke Scale, ASPECTS Alberta Stroke Pro-
gram Early CT Score, TICI Thrombolysis in cerebral infarctions
a Antidiabetic drugs: sulfonylurea, gliptins, metformin

Baseline characteristics mRS 0–2 mRS 3–6 Group 
compari-
son
p value

Subjects, n (%) 69 (39) 109 (61)
Age in years, median (IQR) 73 (57–80) 78 (69–82) 0.01
Female sex, n (%) 38 (55) 47 (43) 0.31
Admission NIHSS, median (IQR) 14 (11–18) 18 (15–20) < 0.01
ASPECTS, median (IQR) 8 (7–9) 7 (5–8) < 0.01
Time from onset to imaging in h, mean (SD) 2.7 (1.8) 3.3 (1.8) 0.09
Follow-up infarct volume in ml, median (IQR) 15.4 (7–55) 52 (18–167) 0.07
TICI score 2b/3 64 (93) 89 (82) < 0.01
Net water uptake in admission CT in %, mean (SD) 5.9 (4.5) 9.9 (5.4) < 0.01
Net water uptake in follow-up CT in %, mean (SD) 19.4 (7.6) 22.2 (6.9) 0.21
Blood glucose level at admission in mg/dl, mean (SD) 117 (25) 141 (41) < 0.01
History of diabetes mellitus, n (%) 8 (12) 25 (23) 0.25
Insulin medication, n (%) 1 (1.6) 7 (6.4) 0.26
Antidiabetic drugsa, n (%) 1 (1.6) 9 (8.3) 0.37
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Data availability statement

The data that support the findings of this study are avail-
able from the corresponding author upon reasonable 
request.

Results

178 patients fulfilled all inclusion criteria and were ana-
lyzed. The median age was 76 (IQR 65–82) and 75 patients 
(43%) were women. In 34 patients, a known history of dia-
betes mellitus type 2 was deducted from medical documen-
tation (19%). In these patients, the mean BGL at admis-
sion was significantly higher (164 mg/dl versus 126 mg/
dl; p < 0.0001). 9 patients had subcutaneous insulin in their 
medication list, 6 patients with metformin, 5 patients with 
gliptins, and 1 patient with sulfonylurea. 136 patients (77%) 
received successful endovascular recanalization with TICI 
2b/3. The main characteristics of patients are summarized 
in Table 1. Comparing patients with poor collaterals versus 
good collaterals, NWU was significantly higher in patients 
with poor collaterals (9.2% versus 6.8%; p = 0.02) and mRS 
was significantly higher in these patients (median 5 [IQR 
2–6] versus 1.5 [IQR 1–4]; p < 0.001).

Impact of blood glucose on early ischemic brain 
edema

Patients with a history of diabetes had no significant dif-
ference in early formation of ischemic edema than patients 
without (Mean NWU 10.2% versus 8.3%; p = 0.08). When 
using BGL of 140 mg/dl as to differentiate two patient 
groups we found significant differences. The mean (SD) 
NWU for patients with BGL < 140  mg/dl was signifi-
cantly lower than NWU in patients with BGL > 140 mg/
dl (7.6% versus 11.3%; p < 0.001). Furthermore, patients 
with BGL < 140 mg/dl exhibited better collateral scores 
by trend: the median collateral score was 2 (IQR 1–3), 
which was higher than the collateral score in patients with 
BGL > 140 mg/dl: 1; IQR 1–3; p = 0.06). In multivariate 
linear regression analysis, the association of BGL on NWU 
was assessed adjusted for ASPECTS, collaterals, NIHSS, 
and age. For every 10 mg/dl increase in BGL, NWU signifi-
cantly increased by 0.43% (95% CI 0.21–0.65; p < 0.001). 
An increase in collateral score by 1 point was significantly 
associated with a lowered NWU of 1% (95% CI 0.3–1.7%; 
p = 0.03), adjusted for BGL and age (Fig. 2).

After dichotomization into patients with poor versus good 
collaterals, a 10 mg/dl increase in BGL in patients with good 
collaterals was significantly associated with a NWU increase 

Table 2   Linear regression (A) and logistic regression analysis (B)

NIHSS National Institute of Health Stroke Scale, ASPECTS Alberta Stroke Program Early CT Score, NWU net water uptake

(A) Impact on edema formation in multivariate analysis (dependent variable: NWU)

Parameter Coefficient 95% CI p value

Blood Glucose (per 1 mg/dl) 0.06 0.03 to 0.08 < 0.001
ASPECTS − 0.76 − 1.32 to − 0.21 0.007
Age (10 years) 0.24 − 0.48 to 0.96 0.510
NIHSS 0.04 − 0.12 to 0.19 0.630
Collateral score − 0.16 − 1.10 to 0.75 0.730

(B) Prediction of good clinical outcome (mRS 0–2)

Parameter OR 95% CI p value

Univariate analysis
 Age 0.95 0.93–0.98 0.002
 NIHSS 0.82 0.75–0.90 < 0.001
 ASPECTS 1.44 1.15–1.80 0.002
 Recanalization status 2.19 1.14–69.75 0.040
 NWU (per 1%) 0.87 0.81–0.94 < 0.001
 Collateral score 2.02 1.36–2.98 < 0.001
 Blood glucose (per 1 mg/dl) 0.97 0.96–0.99 < 0.001

Multivariate analysis
 Age 0.95 0.93–0.98 0.010
 NIHSS 0.87 0.78–0.95 0.009
 Collateral score 1.71 1.10–2.67 0.020
 Blood glucose (per 1 mg/dl) 0.97 0.96–0.99 < 0.001
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of 4.7% (95% CI 1.7–8.2; p = 0.01). The same BGL increase 
in patients with poor collaterals resulted in a 3.9% increase 
in NWU, 95% CI 1.1–6.8%; p = 0.007). In the two-way 
ANOVA, patients with good collaterals did not offer signifi-
cant group differences when comparing low and high blood 
glucose (cut off 140 mg/dl). In patients with good collaterals 
and low blood glucose, the mean NWU was 5.7% (95% CI 
3.9–7.5%) versus 9.6% in patients with good collaterals and 
high blood glucose (95% CI 6.8–12.4%). In patients with 
poor collaterals, however, there was a significant difference 
in NWU according to blood glucose. The mean NWU was 
11.4% (95% CI 9.7–13.1%) in patients with poor collater-
als and high blood glucose and 7.8% (95% CI 6.6–9.1%) in 
patients with poor collaterals and low blood glucose.

Prediction of clinical outcome

The median mRS after 90 days was 4 (IQR 2–5) both for 
patients with or without history of diabetes (p = 0.8). 52 
patients (30%) exhibited functional independence (mRS 
0–2). Comparing patients with functional independence and 
patients with mRS 3–6, the mean BGL was lower in patients 
with functional independence (118 mg/dl versus 141 mg/dl; 
p < 0.001).

(Fig.  1), early NWU was lower (6.1% versus 9.7%; 
p < 0.001), and the median collateral score was higher (2, 
IQR 2–3 versus 2, IQR 1–2; p < 0.001).

Fig. 1   Mean blood glucose level for patients depending on clini-
cal outcome. Mean blood glucose level for patients with good clini-
cal outcome (mRS 0–2; left side compared to patients with mRS 3–6 
(right side)

Fig. 2   Impact of blood glucose levels on early ischemic edema and 
clinical outcome. a Multivariate linear regression analysis to display 
the impact of blood glucose (x-axis) on ischemic brain edema (NWU, 
y-axis) depending on collateral score (good collateral status 3–4 ver-
sus poor collateral status 0–2), adjusted for age. B: Impact of blood 

glucose (x-axis) on functional outcome (probability for modified 
Rankin scale score 0–2 after 90  days, y-axis) based on multivariate 
logistic regression analysis adjusted for collateral status, ASPECTS, 
age, NIHSS, and early water uptake
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Univariate and multivariate logistic regression analysis 
was performed to predict good outcome (mRS 0–2) using 
BGL, collateral score, NIHSS, age, NWU, recanalization 
status and ASPECTS as independent variables (see Table 2). 
The remaining independent variables in multivariate model 
were age, NIHSS, collateral score, and BGL (Figs. 2, 3). 
Higher BGL significantly reduced the likelihood of good 
outcome (odds ratio (OR) 0.15 for 100 mg/dl increase in 
BGL; 95% CI 0.02–0.80; p = 0.039), and a higher collateral 
score increased the likelihood for good outcome (per 1-point 
increase; OR 1.6; 95% CI 1.0–2.5; p = 0.04). Both increas-
ing age (per 1 year; OR 0.95; 95% CI 0.91–0.99; p < 0.01) 
and increasing NIHSS (per 1-point increase; OR 0.87; 95% 
CI 0.78–0.96; p < 0.01) reduced the likelihood for good 
outcome.

Discussion

The aim of this study was to investigate the relationship of 
blood glucose and early ischemic brain edema at admis-
sion and its impact on clinical outcome in ischemic stroke 
patients. The main finding of this study was that increas-
ing blood glucose was significantly associated with higher 
early brain edema, assessed using quantitative lesion water 
uptake and worse functional outcome with collateral status 
as important covariable.

Our findings are in accordance with a recently published 
study describing the impact of higher BGL on outcome [12]. 
The authors concluded that the effect of BGL on outcome 
depended on collateral status and was less significant for 
patients with poor collaterals [26]. However, the reasons 
for this phenomenon remained unknown. In the present 
study, we observed an interrelation between higher BGL, 

poor collaterals, and pronounced early ischemic edema that 
may result in poor clinical outcome even despite successful 
vessel recanalization. While patients with poor collaterals 
showed higher degree of early brain edema, the impact of 
increasing BGL on early brain edema was by trend higher 
in patients with good collaterals. The development of brain 
edema caused by hyperglycemia might, therefore, be more 
alterable in patients with good collaterals and this might be 
a strategy for adjuvant treatment with anti-edematous drugs 
[8, 33, 35].

The potential interaction between blood glucose, collat-
eral status, and brain edema still requires further investi-
gation. These factors are known independent predictors of 
poor outcome, but its relationship has not been described 
yet. Metabolic factors have been observed to be associated 
with collateral status [21]. Hyperglycemia could potentially 
reduce the recruitment of new collateral channels after acute 
arterial occlusion [21]. Poor collaterals, however, relate to 
an increased degree of ischemic edema and elevated edema 
might again increase interstitial pressure, which increases 
the resistance of collateral arterioles and downstream perfo-
rating arterioles [8, 29]. This vicious cycle may significantly 
contribute to aggravated clinical outcome. Therefore, the 
incorporation of these factors in diagnosis might improve 
the acute triage of stroke patients, could be used as criteria 
to select patients with uncertain indication for endovascular 
thrombectomy (e.g. low ASPECTS, or very elderly patients), 
and be tested as target of adjuvant treatment [4, 24]. Patients 
presenting with good collaterals and manifest elevated 
BGL might particularly profit from lowering blood sugar. 
Patients with poor collaterals, however, might rather profit 
from anti-edematous drugs such as glyburide [13, 32, 33]. 
Glyburide is an inhibitor of the sulfonylurea receptor 1 and 
transient receptor potential melastatin 4 (SUR1-TRPM4). 

Fig. 3   3D-Surface plot illustrating the impact of early brain edema 
and blood glucose on clinical outcome. Impact of blood glucose 
(x-axis) and early ischemic brain edema (z-axis) on probability for 

good clinical outcome based on modified Rankin scale scores 0–2 
after 90  days, separated by collateral score (good collaterals on the 
left side, poor collaterals on the right side)
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This receptor exists for instance in pancreatic beta cells and 
brain tissue [15, 28, 31]. The application of glyburide has 
been reported to be safe and feasible and was introduced as 
a novel therapy for preventing edematous brain swelling [33, 
34, 37]. The inhibition of SUR1-TRPM4 leads to depolariza-
tion of cell membranes opening voltage-depending calcium 
channels. An increased intracellular calcium in pancreatic 
beta cells then stimulates insulin release [31]. In ischemic 
brain during acute stroke, a setting of ATP depletion results 
in SUR1 upregulation and subsequent tissue swelling as well 
as the formation of brain edema [14]. In preclinical studies 
using rodent models with malignant cerebral edema, selec-
tive inhibition of SUR1 resulted in decreased infarct vol-
ume, reduced mortality, and better neurological function [34, 
37]. Supporting these preclinical data, retrospective analyses 
involving patients with diabetes mellitus and acute ischemic 
stroke concluded that patients who took sulfonylurea drugs 
have shown significantly improved clinical outcomes with 
less hemorrhagic transformation [14, 35]. In our patients 
cohort only one patient had glyburide in his medication list. 
This patient exhibited a low NWU of only 1.3% (mean NWU 
of all patients: 9.0%; 95% CI 8.1–9.8%) measured after a 
time from onset to imaging of 3.8 h despite poor collateral 
score (1) and higher BGL (231 mg/dl).

It is important to realize that the application of antidia-
betic drugs or insulin in prior clinical trials did not improve 
functional outcome [30, 36], although previous animal 
studies often showed promising results [36]. In contrast to 
clinical trials, > 80% of preclinical studies examined the spe-
cific drug in rodent models in combination with complete 
reperfusion. Acknowledging the low recanalization rates in 
patients with large vessel occlusion and intravenous lysis 
(10-33%), the disappointing results of several clinical trials 
testing adjuvant treatment options are comprehensible [6, 
36]. Therefore, future clinical trials might combine reperfu-
sion with further adjuvant treatment in patients with hyper-
glycemia. Nevertheless, future research is needed to affirm 
these findings using blood sugar analyses over time with 
multiple BGL tests.

Yet, there is no established method to monitor potential 
effects on ischemic brain edema after application of anti-
edema drugs such as glyburide. Quantitative NWU might 
serve as imaging biomarker to measure effects of these drugs 
in prospective trials. This method is based on prior theoreti-
cal, in vitro, and clinical in vivo studies that demonstrated 
the linear relationship between hypoattenuation of an infarct 
lesion to its relative volume increase due to edema [1, 2, 22, 
23]. Moreover, there is prior independent data that show 
how the method of calculating water uptake by CT density 
can be universally applied to histopathological gold standard 
measurement of volume of water uptake. Dzialowski et al. 
measured changes in density after onset of vessel occlusion 
in rats and correlated these measurements with histological 

determination of %-water content change (wet–dry method). 
Their findings are in line with the lately published studies on 
CT water uptake measurements [7].

To our knowledge, the present study is the first study 
that investigated the relationship of BGL, collaterals status, 
and early ischemic edema using a quantitative imaging bio-
marker. The results are in accordance with a recent explora-
tory pilot study discussing blood glucose as potential cause 
of early ischemic brain edema [5]. A lately published paper 
involving 42,187 patients observed that elevated BGL was 
an important predictor for early ischemic edema, but these 
findings were only based on visual rating primarily describ-
ing infarct size [41].

Limitations of our study include the relatively small num-
ber of patients due to strict inclusion and exclusion criteria. 
Second, this was a retrospective analysis and requires further 
prospective validation. Furthermore, poststroke hypergly-
cemia is a dynamic process, and one isolated blood glucose 
value may not be sufficient to capture the whole complexity 
of ischemic brain. Hb1Ac values were not available in the 
present study, as they are not part of the routine laboratory. 
Future studies could investigate the relationship of brain 
edema with Hb1Ac levels to more precisely distinguish 
between manifest diabetes and temporary BGL increase. 
The different time interval from last ingestion was unknown 
which might affect comparability of patient individual BGL. 
Nevertheless, using admission BGL is well established in 
literature and used in prior studies [12, 16].

Conclusion

Our study confirmed that higher levels of blood glucose 
reduced the likelihood for functional independence adjusted 
for baseline clinical parameter and treatment. Early cerebral 
brain edema may be the link between elevated BGL and 
poor outcome with collateral status as important covariable. 
Quantification of early ischemic edema might be used to 
monitor treatment effects of adjuvant anti-edematous treat-
ment, such as glyburide.
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