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High Admission Glucose Is Associated With
Poor Outcome After Endovascular Treatment for
Ischemic Stroke

Leon A. Rinkel, BSc; T. Truc My Nguyen, MD; Valeria Guglielmi, MD; Adrien E. Groot, MD; Laura Posthuma, MD;

Yvo BW.EM. Roos, MD, PhD; Charles BL.M. Majoie®, MD, PhD; Geert J. Lycklama & Nijeholt, MD, PhD;

Bart J. Emmer®, MD, PhD; H. Bart van der Worp‘®, MD, PhD; Marieke J.H. Wermer, MD, PhD;

Nyika D. Kruyt, MD, PhD; Jonathan M. Coutinho®, MD, PhD; on behalf of the Multicenter Randomized Clinical Trial of Endovascu-
lar Treatment of Acute Ischemic Stroke in the Netherlands (MR CLEAN) Registry Investigators®

BACKGROUND AND PURPOSE: High-serum glucose on admission is a predictor of poor outcome after stroke. We assessed the
association between glucose concentrations and clinical outcomes in patients who underwent endovascular treatment.

METHODS: From the MR CLEAN Registry, we selected consecutive adult patients with a large vessel occlusion of the anterior
circulation who underwent endovascular treatment and for whom admission glucose levels were available. We assessed
the association between admission glucose and the modified Rankin Scale score at 90 days, symptomatic intracranial
hemorrhage and successful reperfusion rates. Hyperglycemia was defined as admission glucose >7.8 mmol/L. We evaluated
the association between glucose and modified Rankin Scale using multivariable ordinal logistic regression and assessed
whether successful reperfusion (extended Thrombolysis in Cerebral Infarction 2b-3) modified this association.

RESULTS: Of 3637 patients in the MR CLEAN Registry, 2908 were included. Median admission glucose concentration was
6.8 mmol/L (interquartile range, 5.9-8.1) and 882 patients (30%) had hyperglycemia. Hyperglycemia on admission was
associated with a shift toward worse functional outcome (median modified Rankin Scale score 4 versus 3; adjusted common
odds ratio, 1.69 [95% Cl, 1.44—-1.99]), increased mortality (40% versus 23%; adjusted odds ratio, 1.95 [95% Cl, 1.60-
2.38]), and an increased risk of symptomatic intracranial hemorrhage (9% versus 5%; adjusted odds ratio, 1.94 [95%
Cl, 1.41-2.66]) compared with nonhyperglycemic patients. The association between admission glucose levels and poor
outcome (modified Rankin Scale score 3—-6) was J-shaped. Hyperglycemia was not associated with the rate of successful
reperfusion nor did successful reperfusion modify the association between glucose and functional outcome.

CONCLUSIONS: Increased admission glucose is associated with poor functional outcome and an increased risk of symptomatic
intracranial hemorrhage after endovascular treatment.
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have hyperglycemia, even if they do not have a history
of diabetes mellitus." Hyperglycemia is associated
with poor functional outcome? and lower recanaliza-
tion rates® in patients with ischemic stroke treated with

In the acute phase of ischemic stroke, many patients

intravenous thrombolysis. There are various mecha-
nisms by which high glucose concentrations might
exert a detrimental effect on the brain: hyperglycemia
may induce brain injury because of intracellular acidosis
in ischemic brain tissue, which leads to mitochondrial
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Nonstandard Abbreviations and Acronyms

aOR adjusted odds ratio

EVT endovascular treatment

mRS modified Rankin Scale

NIHSS National Institutes of Health Stroke
Scale

sICH symptomatic intracranial hemorrhage

dysfunction.* Furthermore, hyperglycemia may stimulate
the formation of reactive oxygen and nitrogen species,
which can contribute to the development of reperfu-
sion injury including cerebral edema and hemorrhagic
transformation.®

Previous studies have assessed the association
between serum glucose levels on admission and out-
come in patients with stroke after endovascular treat-
ment (EVT); however, these studies either had a small
sample size or were performed in selected patient popu-
lations from randomized trials. Therefore, we sought to
determine whether admission glucose is associated with
radiological, functional, and clinical outcomes for patients
treated in routine clinical practice with EVT.

METHODS

Study Design and Patient Selection

We used data from the MR CLEAN registry (Multicenter
Registry of Endovascular Treatment for Acute Ischemic
Stroke in the Netherlands), a prospective, nationwide registry
of consecutive patients with acute ischemic stroke treated
with EVT in the Netherlands. For the current study, we used
data of all patients treated with EVT between March 2014
and November 2017 of whom the glucose concentration on
admission was available. Other inclusion criteria were age
>18 years, treatment in a center that had participated in the
MR CLEAN trial, and presence of a large vessel occlusion
of the anterior circulation (intracranial carotid artery/intra-
cranial carotid artery-T, middle cerebral artery [M1/M2] or
anterior cerebral artery [A1/A2]). No formal power calcula-
tion was performed for the purpose of this study.

EVT consisted of arterial catheterization with a microcathe-
ter to the level of the occlusion, followed by mechanical throm-
bectomy, thrombus aspiration, or a combined approach, with or
without delivery of a thrombolytic agent. The exact strategy for
EVT was at the discretion of the treating physician. Patients
with reperfusion at first angiography underwent only a diag-
nostic digital subtraction angiography without further interven-
tion. In patients in whom intracranial access was not possible,
only digital subtraction angiography was performed. All relevant
imaging was analyzed by an imaging core laboratory, whose
members were blinded to all clinical data except for the side of
symptoms. An adverse event committee, consisting of 2 vascu-
lar neurologists and one neuroradiologist, evaluated the safety
end points based on clinical data and reports from the imaging
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core laboratory. Detailed methods of the MR CLEAN Registry
have been reported previously.®

Medical Ethic Committee Statement

The study protocol has been evaluated by the medical eth-
ics committee of the Erasmus University Medical Center in
Rotterdam and permission to carry out the study as a registry
was granted (MEC-2014-235). They waived the need for writ-
ten informed consent.

Outcomes and Definitions

The main outcome was functional outcome at 90 days, assessed
with the modified Rankin Scale (mRS). The mRS score ranges
from O (no symptoms) to 6 (death).” Other outcomes included
poor functional outcome at 90 days (defined as mRS score of
3-6), mortality at 90 days, symptomatic intracranial hemorrhage
(sICH), and other complications (new ischemic stroke, extracranial
hemorrhage, stroke progression resulting in death or neurological
deterioration, pneumonia, and other infections). Hyperglycemia
was defined as the first glucose on admission of >7.8 mmol/L,
in accordance with previous studies®® and the criteria of the
American Diabetes Association.’® sICH was defined as death
or neurological deterioration (an increase of >4 points on the
National Institutes of Health Stroke Scale [NIHSS], assessed by
the treating physician) associated to the hemorrhage (Heidelberg
Bleeding Criteria).'" Successful reperfusion was defined as
extended Thrombolysis in Cerebral Infarction scores of 2b-3.'2
To achieve an extended Thrombolysis in Cerebral Infarction
score of 2b-3, digital subtraction angiography needed to include
both antero-posterior and lateral views post-EVT. If the lateral
view was not available, the extended Thrombolysis in Cerebral
Infarction score could be no higher than 2A. The extent of collat-
erals was graded on baseline CTA by the imaging core laboratory
on a 4-point scale, with O for absent collaterals (0% filling of the
occluded vascular territory), 1 for poor (>0% and <50% filling), 2
for moderate (>50% and <100% filling), and 3 for good collater-
als (100% filling), as used previously.'*"'® Definitions of complica-
tions were as previously described.®

Statistical Analysis

We compared patients with hyperglycemia on admission with
patients without hyperglycemia on admission. We also analyzed
glucose as a continuous variable. We performed independent
samples t test, Mann-Whitney U test, Fishers’ exact test or 2
test as appropriate for intergroup comparison. For regression
analyses, missing variables were imputed with multivariate
imputation by chained equations with 5 imputations.

For the main outcome, we used multivariable ordinal logistic
regression analysis to evaluate any shift toward poorer functional
outcome on the mRS. For the remaining end points, we used
multivariable binary logistic regression analyses. For the regres-
sion analyses with mRS and mortality as outcome, we adjusted
for the following prognostic factors: age, sex, NIHSS at baseline,
prestroke mRS, treatment with intravenous thrombolysis, systolic
blood pressure, peripheral artery disease, prior stroke, collateral
status, and onset-to-groin time. For the regression analyses with
reperfusion and extracranial or intracranial hemorrhage as out-
comes, we adjusted for the following prespecified prognostic
factors: age, sex, NIHSS at baseline, treatment with intravenous
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thrombolysis, anticoagulant use, antiplatelet use, and systolic
blood pressure. The regression analyses for new ischemic
stroke, pneumonia, and other infections were adjusted for age,
sex, and NIHSS at baseline. To explore whether an association
between hyperglycemia and poor outcome could be explained by
an increased risk of sICH, we performed an analysis in which we
additionally adjusted for sICH. We performed a sensitivity analy-
sis restricted to patients without a history of diabetes mellitus, as
previous studies have suggested that this group of patients has a
worse outcome when presenting with hyperglycemia.'®

We also analyzed admission glucose as a continuous vari-
able (divided into deciles) to determine the association between
admission glucose and mRS score at 90 days (dichotomized,
with mRS score of 3-6 as poor functional outcome) and the
probability of sICH using multivariable ordinal and binary logis-
tic regression models, respectively. We determined whether the
association was nonlinear by assessing the fit of models with
or without restricted cubic splines using the likelihood ratio
test. We set out to assess whether successful reperfusion, as
a proxy for treatment with EVT, may result in reperfusion injury,
which could be more severe in patients with higher glucose lev-
els on admission. Therefore, we determined whether successful
reperfusion modified the association between admission glu-
cose and functional outcome at 90 days by adding a multiplica-
tive interaction term in the model. We plotted the probability of

Glucose and Outcome After Endovascular Treatment

poor functional outcome (MRS score of 3-6) and sICH, and
we reported adjusted (common) odds ratios (ORs) with corre-
sponding 95% Cls. Statistical analyses were performed using
R software and R Studio (Version 3.6.1, R Foundation).

Data cannot be made available to other researchers, as no
patient approval was obtained for sharing coded data, and shar-
ing data would violate Dutch law. However, syntax and output
files of statistical analyses will be made available upon reason-
able request to the corresponding author.

RESULTS

Of the 3637 patients in the MR CLEAN Registry,
we excluded 729 patients for the following reasons:
age <18 years (n=9), posterior circulation ischemic
stroke (n=172), EVT in a non-MR CLEAN trial cen-
ter (n=177), and missing admission glucose levels
(n=371; Figure 1). The median admission glucose
was 6.8 mmol/L (interquartile range, 5.9-8.1). In
total, 882 of 2908 (30%) patients had hyperglycemia
on admission.

Patient and procedural characteristics at baseline
are described in Table 1. Patients with hyperglycemia

All consecutive patients treated with EVT
March 18 2014 - Nov 1 2017
(N=3637)

Exclusion criteria
*Age <18 years (n=9)

*Glucose on admission missing

*No MR CLEAN trial center (n=177)
*Posterior circulation (n=172)

(n=371)

Included patients

(n=2908)
No hyperglycemia on Hyperglycemia on
admission admission
(n=2026) (n=882)
(69.7%) (30.3%)

Figure 1. Flowchart of patient
selection.

EVT indicates endovascular treatment;
and MR CLEAN, Multicenter Randomized
Controlled Trial of Endovascular Treatment
for Acute Ischemic Stroke in the
Netherlands.
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Table 1. Baseline and Procedural Characteristics

Admission Hyperglycemia | No Admission Hyperglycemia
(n=882) (n=2026) P Value
Median age, y (IQR) 73 (64-81) 71 (59-80) <0.001*
Male, n (%) 430/882 (49) 1082/2026 (53) 0.021*
Median glucose at admission, mmol/L (IQR) 9.1 (8.3-10.8) 6.3 (5.7-6.9) NA
Mean systolic blood pressure (nmHg+SD)t 153+24 149125 <0.001*
Mean diastolic blood pressure (mmHg+SD)# 83+16 83t15 0.930
IV thrombolysis, n (%) 664/880 (76) 1522/2023 (75) 0.900
Median NIHSS at admission (IQR)§ 16 (12-20) 15 (10-19) <0.001*
Transfer patients, n (%) 446/882 (51) 1037/2026 (51) 0.759
Medical history
Stroke, n (%) 163/882 (19) 317/2026 (16) 0.057
Atrial fibrillation, n (%) 205/874 (24) 471/1999 (24) 0.951
Diabetes mellitus, n (%) 315/876 (36) 150/2014 (7) <0.001*
Hypertension, n (%) 533/862 (62) 968/1992 (49) <0.001*
Peripheral artery disease, n (%) 77/870 (9) 187/1985 (9) 0.628
Prestroke mRS, n (%) 0.055
Prestroke mRS score 0 555/862 (64) 1381/1992 (69)
Prestroke mRS score 1 126/862 (15) 242/1992 (12)
Prestroke mRS score 2 181/862 (8) 368/1992 (8)
Prestroke mRS score >3 113/862 (13) 216/1992 (11)
Medication use
Statin use, n (%) 373/866 (43) 628/1982 (32) <0.001*
Anticoagulation use, n (%) 152/868 (18) 356/1991 (18) 0.812
Antiplatelet use, n (%) 306/875 (35) 580/2004 (29) <0.001*
Process measures
General anesthesia, n (%) 202/832 (24) 503/1906 (26) 0.244
Median duration from onset-to-groin in minutes (IQR)|| 205 (158-270) 191 (147-255) <0.001*
Median duration of procedure in minutes (IQR){| 60 (40-85) 56 (35-82) 0.010*
Imaging
QOcclusion location, n (%) 0.397
Intracranial ICA 41/850 (5) 107/1918 (6)
ICA-T 193/850 (23) 385/1918 (20)
M1 473/850 (56) 1126/1918 (58.7)
M2 135/850 (16) 284/1918 (15)
Other# 8/850 (1) 16/1918 (1)
Collateral status, n (%) 0.029*
Grade 0 61/825 (7) 100/1901 (5)
Grade 1 298/825 (36) 668/1901 (35)
Grade 2 324/825 (39) 732/1901 (39)
Grade 3 142/825 (17) 401/1901 (21)
Extracranial carotid stenosis (50%-99%), n (%) 80/783 (10) 158/1767 (9) 0.307
Extracranial carotid occlusion, n (%) 91/783 (12) 193/1767 (11) 0.605
Median ASPECTS baseline (IQR) 9 (7-10) 9 (8-10) 0.604

ACA indicates anterior cerebral artery; ASPECTS, Alberta Stroke Program Early CT Score; DSA, digital subtraction angiography; ICA, internal carotid artery;
IQR, interquartile range; 1V, intravenous; MCA, middle cerebral artery; mRS, modified Rankin Scale; and NIHSS, National Institutes of Health Stroke Scale.

*Statistically significant.

tMissing values, n (%): 68 (2).

$Missing values, n (%): 77 (3).

§Missing values, n (%): 40 (1).

[[Missing values, n (%): 13 (1).

{IMissing values, n (%): 2565 (9).

#(M3/A1/A2).
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on admission were older (73 versus 71 years; £<0.001)
and less often male (49% versus 53%; P=0.021)
than patients without hyperglycemia. Hyperglycemic
patients more often had a history of diabetes mellitus
(86% versus 7%; P<0.001) or hypertension (62% ver-
sus 49%; P<0.001). Patients with hyperglycemia had
higher median NIHSS scores at baseline (16 versus
15; P<0.001) and longer median onset-to-groin-times
(205 versus 191 minutes; P<0.001). Hyperglycemic
patients had worse collateral scores. The prestroke
mRS was similar in both groups. Decompressive hemi-
craniectomy for space-occupying edema was per-
formed in 35/385 (9%) of hyperglycemic patients
compared with 20/814 (2%, £<0.001) for nonhyper-
glycemic patients.

Hyperglycemia and Outcome

Patients with hyperglycemia on admission had worse
functional outcomes at 90 days than patients with-
out hyperglycemia (median mRS score of 4 versus 3;
P<0.001). After adjustment, hyperglycemia remained
associated with poor functional outcome (adjusted com-
mon odds ratio for a shift toward poor mRS score of 1.69
([95% ClI, 1.44-1.99]; Figure 2, Table 2).

Of all patients with hyperglycemia on admission,
250/841 (30%) had a good functional outcome (MRS
score of 0-2) compared with 875/1892 (46%) of the
nonhyperglycemic patients (adjusted odds ratio [aOR],
0.60 [95% Cl, 0.49-0.74]; Table 2). Mortality at 90 days
was higher for patients with hyperglycemia on admis-
sion (40% versus 23%, aOR 1.95 [95% CI, 1.60-
2.38]). Hyperglycemic patients had a higher risk of
sICH (9% versus 5%; aOR, 1.94 [95% ClI, 1.41-2.66]).
Patients with hyperglycemia on admission also more
often had stroke progression (12% versus 8%; aOR,
1.44 [95% ClI, 1.10-1.89]), pneumonia (15% versus
10%; aOR, 1.48 [95% CI, 1.16-1.88]), and other infec-
tions (5% versus 3%; aOR, 1.50 [95% ClI, 1.03-2.19]).
There were no differences in the rates of successful
reperfusion (60% versus 63%; aOR, 0.94 [95% ClI,
0.79-1.11]), or the other complications. Adjusting for
sICH yielded similar results for functional outcome at

Glucose and Outcome After Endovascular Treatment

90 days (aOR, 1.62 [95% CI, 1.38—1.90]). The sensi-
tivity analyses excluding patients with preexisting dia-
betes mellitus essentially also yielded the same results
(Table I'in the Data Supplement).

Glucose as a Continuous Variable and
Outcome

Overall, higher admission glucose was associated
with a shift toward poor functional outcome with an
adjusted common odds ratio per increase of 1 mmol/L
of 1.12 (95% CI 1.08-1.15). However, we observed
that admission glucose as a continuous variable was
nonlinearly associated with poor functional outcome
(mRS score of 3-6) at 90 days (P likelihood ratio test
<0.001; Figure 3). Upon further analysis, we found
a J-shaped association between admission glucose
and functional outcome with a nadir at 6 mmol/L
and different associations for patients with admission
glucose levels below 6, between 6 and 9, and levels
exceeding 9 mmol/L. For patients with admission glu-
cose below 6 mmol/L (n=746), a decrease in admis-
sion glucose level appeared associated with a shift
toward poorer functional outcome (adjusted common
odds ratio per 1 mmol/L decrease in glucose, 1.16
[95% ClI, 0.95-1.41]), but this was not statistically sig-
nificant. For patients with admission glucose between
6 and 9 mmol/L (N=1715) and higher than 9 mmol/L
(N=447), there was a positive association between
higher admission glucose levels and poorer functional
outcome (adjusted common odds ratio per 1 mmol/L
increase in glucose, 1.27 [95% ClI, 1.17-1.37] and
1.06 [95% CI, 1.01-1.11], respectively). Successful
reperfusion did not modify the association between
admission glucose concentration and functional out-
come (P value for interaction=0.295; Figure | in the
Data Supplement).

Admission glucose as a continuous variable was non-
linearly associated with sICH in univariate analysis (P
likelihood ratio test=0.037). However, after adjustment,
the addition of splines no longer improved model fit (P
likelihood ratio test=0.068; Figure 3). Higher admission
glucose was associated with an increased probability

No hyperglycemia (n = 1892)- 83% 17.5% 20.4%

Hyperglycemia (n = 841)-  4.6% 10.8% 14.3% 12.0%

0% 25%

Score on mRS

13.6% 121% 4.9%

11.4%  6.5%

23.2%

40.3%

HENT
QULBWN RO

50% 75% 100%

Figure 2. Functional outcome at 90 d.

Modified Rankin Scale (mRS) scores for patients with and without hyperglycemia on admission. A statistically significant difference between the
2 groups was noted in the overall distribution of mRS scores (adjusted common odds ratio, 1.69 [95% Cl, 1.44-1.99]), indicating a shift toward
poor functional outcome, with nonhyperglycemic patients as reference group.
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Table 2. Outcomes and Complications

Glucose and Outcome After Endovascular Treatment

Admission No Admission Unadjusted (c)OR Adjusted (c)OR
Hyperglycemia (n=882) | Hyperglycemia (n=2026) (95% CI) (95% CI)
Outcomes
Median mRS at 90 d (IQR) 4 (2-6) 3 (1-5) 2.03 (1.76-2.36) 1.69 (1.44-1.99)
Good functional outcome at 90 d, n (%)* 250/841 (30) 875/1892 (46) 0.51 (0.43-0.60) 0.60 (0.49-0.74)
Mortality at 90 d, n (%) 339/841 (40) 439/1892 (23) 2.12 (1.79-2.51) 1.95 (1.60-2.38)
Successful reperfusion, n (%)t 513/855 (60) 1241/1973 (63) 0.90 (0.77-1.06) 0.95 (0.80-1.12)
Complete reperfusion, n (%)% 230/855 (27) 573/1973 (29) 0.91 (0.76-1.08) 0.91 (0.75-1.11)
Complications
sICH, n (%) 82/882 (9) 92/2026 (5) 2.06 (1.51-2.82) 1.90 (1.40-2.56)
New ischemic stroke, n (%) 15/882 (2) 33/2026 (2) 1.03 (0.55-1.90) 1.05 (0.56-1.97)
Extracranial hemorrhage, n (%) 23/882 (3) 44/2026 (2) 1.24 (0.74-2.12) 1.02 (0.61-1.69)
Stroke progression, n (%) 102/882 (12) 162/2026 (8) 1.49 (1.15-1.95) 1.44 (1.10-1.89)
Pneumonia, n (%) 135/882 (15) 198/2026 (10) 1.61 (1.27-2.05) 1.48 (1.16-1.88)
Other infection, n (%) 47/882 (5) 65/2026 (3) 1.55 (1.07-2.24) 1.50 (1.03-2.19)

(c)OR indicates (common) odds ratio; eTICI, extended Thrombolysis in Cerebral Infarction; IOR, interquartile range; mRS, modified Rankin Scale; and sICH, symptomatic

intracranial hemorrhage.
*Defined as mRS score 0-2.
tDefined as eTICl score of 2b-3.
$Defined as eTICl score 3.

of sICH (aOR per 1 mmol/L increase, 1.11 [95% CI,
1.07-1.17]; Figure 4). In our model, patients with admis-
sion glucose levels of 12.0 mmol/L had a 7% (95% Cl,
5%-10%) absolute probability of sICH, and in patients
with a glucose concentration of 20.0 mmol/L this prob-
ability increased to 15% (95% Cl, 9%—249%).

DISCUSSION

We found that hyperglycemia on admission (>7.8
mmol/L) is associated with worse functional outcomes
at 90 days, increased mortality, and an increased risk of
sICH after EVT in patients with stroke in routine clinical
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Figure 3. Admission glucose concentration as a continuous variable and the probability of poor functional outcome (modified
Rankin Scale [nRS] score 3-6) at 90 d.

The association between glucose on admission and poor outcome (MRS score of 3-6) including 95% Cl is shown. We observed a J-shaped curve
with different associations based on glucose levels on admission. Overall, glucose level on admission was associated with a shift toward poor
functional outcome with an adjusted common odds ratio (acOR) per 1 mmol/L increase of 1.12 (95% Cl, 1.08-1.15). For patients with admission
glucose under 6 mmol/L, glucose appeared associated with a shift toward poor functional outcome (acOR per 1 mmol/L decrease, 1.16 [95% Cl,
0.95-1.41]), but this was nonsignificant. There was a significant association between glucose levels and poor functional outcome for patients with
admission glucose between 6 and 9 (acOR, 1.27 per 1 mmol/L increase [95% ClI, 1.17—1.37]) and a less pronounced association for patients
with glucose levels on admission higher than 9 mmol/L (acOR, 1.06 per 1 mmol/L increase [95% CI, 1.01=1.11]).
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Figure 4. Admission glucose concentration and the probability of symptomatic intracranial hemorrhage (sICH).
The association between glucose and the probability of sICH, including 95% Cls with admission glucose levels on the x axis and the probability of
sICH on the y axis. We observed a linear relationship and an overall significant association between glucose and the probability of sICH (adjusted

odds ratio per 1 mmol/L increase, 1.11 [95% Cl, 1.07-1.17]).

practice. Further analysis showed a J-shaped associa-
tion between admission glucose concentration and poor
outcome, in which concentrations above 6 mmol/L were
associated with poor outcome. By contrast, we found a
linear association between admission glucose concen-
trations and the risk of sICH, with patients with an admis-
sion glucose concentration of 12 mmol/L on admission
having an absolute risk of sICH of 7%, and this risk
increased to 15% in patients with an admission glucose
concentration of 20 mmol/L.

In our study, about one-third of patients had hyper-
glycemia on admission, which is comparable to propor-
tions in previous studies.' Our findings are in line with
those of previous studies that investigated the associa-
tion between serum glucose on admission and func-
tional outcome after EVT.'"'® A subgroup analysis of the
highly effective reperfusion using multiple endovascular
devices (HERMES) collaboration showed that higher
glucose levels on admission are associated with worse
functional outcome and that glucose concentration mod-
ified the treatment effect of EVT, with smaller benefit
for patients with glucose levels higher than 5.5 mmol/L.
The authors suggested that, as patients treated with EVT
have a higher rate of successful reperfusion compared
with those not treated with EVT, these patients may be
more prone to redox-mediated reperfusion injury associ-
ated with higher glucose levels resulting in decreased
functional outcome. To address this in our study popu-
lation, we analyzed whether successful reperfusion
modified the association between admission glucose
and functional outcome. Although we observed that the
probability of poor functional outcome increased with

Stroke. 2020;51:3215-3223. DOI: 10.1161/STROKEAHA.120.029944

admission glucose levels above 6 mmol/L, we did not
find that successful reperfusion modified the association
between admission glucose and functional outcome.

If a causal relation between hyperglycemia and poor
outcome after stroke exists, lowering glucose concen-
trations may improve outcome. Previous trials failed to
demonstrate that glucose lowering had a positive influ-
ence on outcome in patients with stroke.’®? The recent
randomized SHINE trial (Stroke Hyperglycemia Insu-
lin Network Effort) which compared intensive glucose
lowering with standard treatment in 1151 patients with
acute ischemic stroke found no difference in outcome
at 90 days.?' However, in this study, only a small propor-
tion (13%) of patients underwent EVT. As patients with
a large vessel occlusion have large ischemic areas, they
are potentially more prone to reperfusion injury associ-
ated with higher admission glucose levels and may there-
fore benefit from intensive glucose lowering compared
with standard treatment for hyperglycemia. The authors
did not provide a subgroup analysis restricted to patients
treated with EVT. Additionally, data on reperfusion rates
were not available in SHINE and therefore the authors
were unable to perform a subgroup analysis for patients
with high glucose levels and successful reperfusion. In
contrast to our observation, SHINE did not find a differ-
ence between the rates of ICH between the treatment
groups. This discrepancy could be because of the fact
that the admission glucose levels were similar between
the groups and that glucose lowering could have been
initiated too late to have an effect on the probability of
ICH; because our study included only patients with a
large vessel occlusion and thus more severe ischemic
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strokes; or because of the smaller sample size of SHINE.
Of course, it could also indicate that there is no causal
relation between admission glucose and the occurrence
of ICH.

We did not find that the association between high
admission glucose and poor functional outcome was
mediated by the occurrence of sICH, despite the
association between higher admission glucose and
an increased probability of sICH. All in all, it remains
unclear whether high admission glucose levels play
a causal role in increasing the probability on sICH or
worse clinical outcome, but at least the absolute risk of
sICH in patients with hyperglycemia can be taken into
account when deciding whether or not perform EVT in
a particular patient.

A J-shaped association between admission glucose
and functional outcome has been reported in patients
with ischemic stroke before EVT became routine
clinical practice.?? A similar association has also been
described between blood pressure and functional out-
come in patients with stroke treated with EVT.?® The
association between glucose under 6 mmol/L and
functional outcome was not statistically significant
in our study, although previous observational stud-
ies have suggested that patients with hypoglycemia
had worse outcomes compared with normoglycemic
patients.?* The fact that we failed to demonstrate a
significant association may be explained by the limited
number of patients who presented with low admission
glucose levels.

Pneumonia and other infections occurred more fre-
quently in patients with hyperglycemia on admission.
The association between hyperglycemia and the occur-
rence of infections has previously been described in
patients with acute ischemic stroke.?® However, it
remains unclear whether poststroke infections explain
the higher risk of a poor outcome as the authors of
this study did not show evidence that the occurrence
of poststroke infections mediates or explains the asso-
ciation between hyperglycemia on admission and poor
functional outcome.

Patients in the hyperglycemia group had a longer
median onset-to-groin time. This may be because of a
slightly higher age, increased burden of comorbidities,
and a trend toward worse prestroke mRS in this group.
However, as we adjusted for these variables in the analy-
ses, it is unlikely that this explains the results.

Our study has several strengths. The data presented
in this study likely reflect daily clinical practice as they
come from a nationwide, prospective registry of con-
secutive patients treated with EVT. Another strength
is the large sample size of this study with only small
numbers of missing data. Finally, all data on imaging
and adverse events were centrally adjudicated. There
are also several limitations. First, there were no data
available on the use of glucose-lowering medication or
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on follow-up glucose levels. Therefore, we were unable
to assess the dynamics of poststroke hyperglycemia
although studies have suggested that persisting hyper-
glycemia is associated with infarct expansion and poor
functional outcome.?8?” Finally, we could not ascertain
whether glucose levels were determined in venous or
capillary samples and whether point-of-care testing
was applied, which may influenced the measured glu-
cose levels.?®

CONCLUSIONS

The presence of hyperglycemia at admission is asso-
ciated with an increased risk of poor functional out-
come and sICH in patients with acute ischemic stroke
who undergo EVT. Studies are warranted to determine
whether patients treated with EVT may benefit from early
intensive glucose-lowering therapy.

ARTICLE INFORMATION

Received April 21, 2020; final revision received August 10, 2020; accepted
September 4, 2020.

Affiliations

Department of Neurology (LAR, V.G, AEG, LP, YBWEMR, JM.C) and De-
partment of Radiology and Nuclear Medicine (C.BLMM, BJ.E), Amsterdam
UMC, University of Amsterdam, the Netherlands. Department of Neurology,
Leiden University Medical Center, the Netherlands (TTM.N, MJHW, N.D.K).
Department of Radiology, Haaglanden Medical Center (HMC), The Hague, the
Netherlands (G.J.L.aN.). University NeuroVascular Center (UNVC), Leiden, The
Hague, the Netherlands (G.L.&N., M.JHW, N.D.K). Department of Neurology and
Neurosurgery, Brain Center, University Medical Center Utrecht, the Netherlands
(H.Bv.d.W.).

Sources of Funding

The MR CLEAN Registry was partly funded by Toegepast Wetenschappelijk In-
stituut voor Neuromodulatie (TWIN) Foundation, Erasmus MC University Medical
Center, Maastricht University Medical Center and Amsterdam UMC.

Disclosures

Institutional disclosures: Amsterdam UMC received funds from CardioVasculair
Onderzoek Nederland (CVON)/Dutch Heart Foundation, the European Commis-
sion, and the Dutch Health Evaluation Program to Dr Majoie, received funds from
Medtronic and Boehringer to Dr Coutinho and received funds from Stryker for
consultations to Drs Majoie and Roos. UMC Utrecht received funds from Stryker
for research and from Boehringer Ingelheim, Bayer, and LivaNova for consulta-
tions by Dr van der Worp. Personal disclosures: Drs Majoie and Roos are share-
holders of Nico-lab, a company that focuses on the use of artificial intelligence for
medical image analysis. The other authors report no conflicts.

Supplemental Materials
Table |
Figure |

REFERENCES

1. Christensen H, Boysen G. Blood glucose increases early after stroke onset:
a study on serial measurements of blood glucose in acute stroke. Eur J
Neurol. 2002;9:297-301. doi: 10.1046/}.1468-1331.2002.00409.x

2. Ahmed N, Dévalos A, Eriksson N, Ford GA, Glahn J, Hennerici M, Mikulik
R, Kaste M, Lees KR, Lindsberg PJ, et al; SITS Investigators. Association
of admission blood glucose and outcome in patients treated with intrave-
nous thrombolysis: results from the Safe Implementation of Treatments in
Stroke International Stroke Thrombolysis Register (SITS-ISTR). Arch Neurol.
2010;67:1123-1130. doi: 10.1001/archneurol.2010.210

Stroke. 2020;51:32156-3223. DOI: 10.1161/STROKEAHA.120.029944



2202 ‘S 00100 uo Aq Blio'sfeuinofeye;/:dny woly papeojumod

Rinkel et al

Stroke. 2020;51:3215-3223. DOI: 10.1161/STROKEAHA.120.029944

. Ribo M, Molina C, Montaner J, Rubiera M, Delgado-Mederos R, Arenillas

JF Quintana M, Alvarez-Sabin J. Acute hyperglycemia state is associ-
ated with lower tPA-induced recanalization rates in stroke patients. Stroke.
2005;36:1705-1709. doi: 10.1161/01.STR.0000173161.05453.90.9f

. Anderson RE, Tan WK, Martin HS, Meyer FB. Effects of glucose and

Pa02 modulation on cortical intracellular acidosis, NADH redox state,
and infarction in the ischemic penumbra. Stroke. 1999;30:160-170. doi:
10.1161/01.str.30.1.160

. Martini SR, Kent TA. Hyperglycemia in acute ischemic stroke: a vas-

cular perspective. J Cereb Blood Flow Metab. 2007;27:435-451. doi:
10.1038/5j.jcbfm.9600355

. Jansen IGH, Mulder MJHL, Goldhoorn RB; MR CLEAN Registry Investiga-

tors. Endovascular treatment for acute ischaemic stroke in routine clinical
practice: prospective, observational cohort study (MR CLEAN Registry).
BMJ. 2018;360:k949. doi: 10.1136/bm|.k949

. Swieten JCV, Koudstaal RJ, Visser MC, Schouten HJ, Gijn JV. Interobserver

agreement for the assessment of handicap in stroke patients. Stroke.
1988;19:604-607.

. Schut ES, Westendorp WF, de Gans J, Kruyt ND, Spanjaard L, Reitsma JB,

van de Beek D. Hyperglycemia in bacterial meningitis: a prospective cohort
study. BMC Infect Dis. 2009;9:57. doi: 10.1186/1471-2334-9-57

. Zuurbier SM, Hiltunen S, Tatlisumak T, Peters GM, Silvis SM, Haapaniemi

E, Kruyt ND, Putaala J, Coutinho JM. Admission hyperglycemia and clini-
cal outcome in cerebral venous thrombosis. Stroke. 2016;47:390-396. doi:
10.1161/STROKEAHA.115.011177

. American Diabetes Association. Classification and diagnosis of diabe-

tes: Standards of medical care in diabetes-2019. Diabetes Care. 2019;
42:513-528.

. Kummer RV, Broderick JP, Campbell BCV, Demchuk A, Goyal M, Hill MD,

Treurniet KM, Majoie CBLM, Marquering HA, Mazya MV, et al. The heidel-
berg bleeding classification. Stroke. 2015;46:2981-2986.

. Goyal M, Fargen KM, Turk AS, Mocco J, Liebeskind DS, Frei D, Demchuk

AM. 2C or not 2C: defining an improved revascularization grading scale and
the need for standardization of angiography outcomes in stroke trials. J
Neurointerv Surg. 2014,;6:83-86. doi: 10.1136/neurintsurg-2013-010665

. Berkhemer OA, Jansen |G, Beumer D, Fransen PS, van den Berg LA, Yoo

AJ, Lingsma HF, Sprengers ME, Jenniskens SF, Lycklama A Nijeholt GJ,
et al; MR CLEAN Investigators. Collateral status on baseline computed
tomographic angiography and intra-arterial treatment effect in patients
with proximal anterior circulation stroke. Stroke. 2016;47:768-776. doi:
10.1161/STROKEAHA.115.011788

. Roman LS, Menon BK, Blasco J, Herndndez-Pérez M, Dévalos A, Majoie

CBLM, Campbell BCV, Guillemin F, Lingsma H, Anxionnat R, et al; HERMES
Collaborators. Imaging features and safety and efficacy of endovascular
stroke treatment: a meta-analysis of individual patient-level data. Lancet
Neurol. 2018;17:895-904. doi: 10.1016/51474-4422(18)30242-4

. Tan IY, Demchuk AM, Hopyan J, Zhang L, Gladstone D, Wong K, Martin M,

Symons SP, Fox AJ, Aviv RI. CT angiography clot burden score and collat-
eral score: correlation with clinical and radiologic outcomes in acute middle
cerebral artery infarct. AINR Am J Neuroradiol. 2009;30:525-531. doi:
10.3174/ajnrA1408

. Capes SE, Hunt D, Malmberg K, Pathak P, Gerstein HC. Stress hyperglyce-

mia and prognosis of stroke in nondiabetic and diabetic patients: a system-
atic overview. Stroke. 2001;32:2426-2432. doi: 10.1161/hs1001.096194

20.

21.

22.

23.

24,

25.

26.

27.

28.

Glucose and Outcome After Endovascular Treatment

" Chamorro A, Brown S, Amaro S, Hill MD, Muir KW, Dippel DWJ,

van Zwam W, Butcher K, Ford GA, den Hertog HM, et al; HERMES Col-
laborators. Glucose modifies the effect of endovascular thrombectomy
in patients with acute stroke. Stroke. 2019;60:690-696. doi: 10.1161/
STROKEAHA.118.023769

. Campbell BCV, van Zwam WH, Goyal M, Menon BK, Dippel DWJ, Demchuk

AM, Bracard S, White P, Déavalos A, Majoie CBLM, et al; HERMES
Collaborators. Effect of general anaesthesia on functional outcome in patients
with anterior circulation ischaemic stroke having endovascular thrombec-
tomy versus standard care: a meta-analysis of individual patient data. Lancet
Neurol. 2018;17:47-53. doi: 10.1016/S51474-4422(17)30407-6

. Gray CS, Hildreth AJ, Sandercock PA, O'Connell JE, Johnston DE,

Cartlidge NE, Bamford JM, James OF, Alberti KG; GIST Trialists Col-
laboration.  Glucose-potassium-insulin infusions in the management
of post-stroke hyperglycaemia: the UK Glucose Insulin in Stroke Trial
(GIST-UK). Lancet Neurol. 2007;6:397-406. doi: 10.1016/S1474-
4422(07)70080-7

McCormick M, Hadley D, McLean JR, Macfarlane JA, Condon B, Muir KW.
Randomized, controlled trial of insulin for acute poststroke hyperglycemia.
Ann Neurol. 2010;67:570-578. doi: 10.1002/ana.21983

Johnston KC, Bruno A, Pauls Q, Hall CE, Barrett KM, Barsan W, Fansler A,
Van de Bruinhorst K, Janis S, Durkalski-Mauldin VL; Neurological Emergen-
cies Treatment Trials Network and the SHINE Trial Investigators. Intensive
vs standard treatment of hyperglycemia and functional outcome in patients
with acute ischemic stroke: the SHINE randomized clinical trial. JAMA
2019;322:326-335. doi: 10.1001/jama.2019.9346

Ntaios G, Egli M, Faouzi M, Michel P. J-shaped association between
serum glucose and functional outcome in acute ischemic stroke. Stroke.
2010;41:2366-2370. doi: 10.1161/STROKEAHA.110.692170

Anadani M, Orabi MY, Alawieh A, Goyal N, Alexandrov AV, Petersen
N, Kodali S, Maier IL, Psychogios MN, Swisher CB, et al. Blood pres-
sure and outcome after mechanical thrombectomy with success-
ful revascularization. Stroke. 2019;50:2448-2454, doi: 10.1161/
STROKEAHA.118.024687

Piironen K, Putaala J, Rosso C, Samson VY. Glucose and acute stroke:
evidence for an interlude. Stroke. 2012;43:898-902. doi: 10.1161/
STROKEAHA.111.631218

Zonneveld TP, Nederkoorn RJ, Westendorp WF, Brouwer MC, van de Beek
D, Kruyt ND; PASS Investigators. Hyperglycemia predicts poststroke
infections in acute ischemic stroke. Neurology. 2017;88:1415—-1421. doi:
10.1212/WNL.0000000000003811

Yong M, Kaste M. Dynamic of hyperglycemia as a predictor of stroke out-
come in the ECASS-II trial. Stroke. 2008;39:2749-2755. doi: 10.1161/
STROKEAHA.108.5614307

Baird TA, Parsons MW, Phan T, Phanh T, Butcher KS, Desmond PM,
Tress BM, Colman PG, Chambers BR, Davis SM. Persistent poststroke
hyperglycemia is independently associated with infarct expansion and
worse clinical outcome. Stroke. 2003;34:2208-2214, doi: 10.1161/01.
STR.0000085087.41330.FF

Pereira AJ, Corréa TD, de Almeida FP, Deliberato RO, Lobato Mdos S,
Akamine N, Silva E, Cavalcanti AB. Inaccuracy of venous point-of-care glu-
cose measurements in critically ill patients: a cross-sectional study. PLoS
One. 2015;10:e0129568. doi: 10.1371/journal.pone.0 129568

November 2020 3223

$3IN3IIS
NOILYINdOd ANY TVIINITD





