
 

 

 

Glucose Modifies the Effect of Endovascular
Thrombectomy in Patients With Acute Stroke A
Pooled-Data Meta-Analysis
Citation for published version (APA):

Chamorro, A., Brown, S., Amaro, S., Hill, M. D., Muir, K. W., Dippel, D. W. J., van Zwam, W., Butcher, K.,
Ford, G. A., den Hertog, H. M., Mitchell, P. J., Demchuk, A. M., Majoie, C. B. L. M., Bracard, S., Sibon, I.,
Jadhav, A. P., Lara-Rodriguez, B., van der Lugt, A., Osei, E., ... HERMES Collaboration (2019). Glucose
Modifies the Effect of Endovascular Thrombectomy in Patients With Acute Stroke A Pooled-Data Meta-
Analysis. Stroke, 50(3), 690-696. https://doi.org/10.1161/STROKEAHA.118.023769

Document status and date:
Published: 01/03/2019

DOI:
10.1161/STROKEAHA.118.023769

Document Version:
Publisher's PDF, also known as Version of record

Document license:
Taverne

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can
be important differences between the submitted version and the official published version of record.
People interested in the research are advised to contact the author for the final version of the publication,
or visit the DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these
rights.

• Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
• You may not further distribute the material or use it for any profit-making activity or commercial gain
• You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above,
please follow below link for the End User Agreement:
www.umlib.nl/taverne-license

Take down policy
If you believe that this document breaches copyright please contact us at:

repository@maastrichtuniversity.nl

providing details and we will investigate your claim.

Download date: 04 Oct. 2023

https://doi.org/10.1161/STROKEAHA.118.023769
https://doi.org/10.1161/STROKEAHA.118.023769
https://cris.maastrichtuniversity.nl/en/publications/9ef92a48-7965-4da2-a4d0-0ec056068c09


690

Background and Purpose—Hyperglycemia is a negative prognostic factor after acute ischemic stroke but is not known 
whether glucose is associated with the effects of endovascular thrombectomy (EVT) in patients with large-vessel stroke. 
In a pooled-data meta-analysis, we analyzed whether serum glucose is a treatment modifier of the efficacy of EVT in 
acute stroke.

Methods—Seven randomized trials compared EVT with standard care between 2010 and 2017 (HERMES Collaboration 
[highly effective reperfusion using multiple endovascular devices]). One thousand seven hundred and sixty-four patients 
with large-vessel stroke were allocated to EVT (n=871) or standard care (n=893). Measurements included blood glucose 
on admission and functional outcome (modified Rankin Scale range, 0–6; lower scores indicating less disability) at 3 
months. The primary analysis evaluated whether glucose modified the effect of EVT over standard care on functional 
outcome, using ordinal logistic regression to test the interaction between treatment and glucose level.

Received October 5, 2018; final revision received December 14, 2018; accepted January 2, 2019.
From the Department of Neuroscience, Comprehensive Stroke Center, Hospital Clinic, University of Barcelona, Barcelona, Spain (A.C., S.A., A.R.); August 

Pi i Sunyer Biomedical Research Institute (IDIBAPS), Barcelona, Spain (A.C., S.A., A.R.); Altair Biostatistics, St Louis Park, MN (S. Brown); Calgary Stroke 
Program, Departments of Clinical Neurosciences, Medicine, Community Health Sciences, and Radiology (M.D.H.) and Calgary Stroke Program, Departments 
of Clinical Neurosciences and Radiology (A.M.D., M.A., M. Goyal, B.K.M.), Hotchkiss Brain Institute, Cumming School of Medicine, University of Calgary, 
Canada; Institute of Neuroscience and Psychology, University of Glasgow, Scotland, United Kingdom (K.W.M.); Department of Neurology (D.W.J.D., E.O., 
O.A.B.) and Department of Radiology (A.v.d.L., O.A.B.), Erasmus MC University Medical Center, Rotterdam, the Netherlands; Department of Radiology 
(W.v.Z.) and Department of Neurology (R.v.O.), Maastricht University Medical Center Maastricht, the Netherlands; Division of Neurology, Department of 
Medicine, University of Alberta, Edmonton, Canada (K.B.); Stroke Unit, Oxford University Hospitals and Division of Medical Sciences, Oxford University, 
United Kingdom (G.A.F.); Department of Neurology, Isala Klinieken, Zwolle, the Netherlands (H.M.d.H.); Department of Neurology, Medisch Spectrum 
Twente, Enschede, Netherlands (H.M.d.H., E.O.); Department of Radiology, Royal Melbourne Hospital (P.J.M.), The Florey Institute of Neuroscience and 
Mental Health (G.A.D.), Department of Medicine and Neurology, Melbourne Brain Centre at the Royal Melbourne Hospital (S.M.D.), and Department of 
Medicine and Neurology, Melbourne Brain Centre at the Royal Melbourne Hospital (B.C.V.C.), University of Melbourne, Parkville, Australia; Department 
of Radiology (C.B.L.M.M., O.A.B.) and Department of Neurology (Y.E.W.E.M.R.), Academic Medical Center Amsterdam, the Netherlands; Department of 
Diagnostic and Interventional Neuroradiology, INSERM U 947 (S. Bracard), INSERM CIC 1433 Clinical Epidemiology (J.E.), and INSERM CIC 1433 Clinical 
Epidemiology (F.G.), Université de Lorraine and University Hospital of Nancy, France; Stroke Unit University and University Hospital of CHU Bordeaux, France 
(I.S.); Department of Neurology, University of Pittsburgh, PA (A.P.J.); Department of Neurology, Hospital Universitari de Bellvitge (HUB), Spain (B.L.-R.); 
Department of Neurology, University Hospital of Nancy, France (S.R.); Stroke Unit, Neurology Department, Vall d’Hebron University Hospital, Spain (D.R.-L.); 
University of Newcastle upon Tyne, United Kingdom (A.D.); Urgences Cerebro-Vasculaires Sorbonne University and Pitié-Salpêtrière Hospital, APHP, Paris, 
France (S.D.); Stroke Unit, University and University Hospital of Nantes, France (B.G.); Neurology-Stroke Unit University and University Hospital of Reims, 
France (S. Bakchine); Stroke Unit, Hospital Universitari Germans Trias i Pujol, Badalona, Barcelona, Spain (M. Gomis); Institute of Neuroradiology, Klinikum 
der Goethe-Universität, Frankfurt, Germany (R.d.M.d.R.); Rush Medical Center Chicago, IL (D.L.); Department of Neurology, University of Pittsburgh Medical 
Center, PA (V.R.); Department of Neurology, Klinikum Dortmund, Germany (G.R.); Department of Neuroradiology, Hôpital Gui-de-Chauliac, Montpellier, 
France (A.B.); Department of Neurology, University Hospital Essen University Duisburg-Essen, Germany (C.D.); and Department of Clinical Neuroscience, 
Central Clinical School, Monash University and The Alfred Hospital, Melbourne, Australia (G.C.C.).

Guest Editor for this article was Harold P. Adams, MD.
The online-only Data Supplement is available with this article at https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.118.023769.
Correspondence to Ángel Chamorro, MD, Hospital Clinic of Barcelona, Villarroel 170, 08036 Barcelona, Spain. Email achamorro@clinic.cat
© 2019 American Heart Association, Inc.

Glucose Modifies the Effect of Endovascular  
Thrombectomy in Patients With Acute Stroke

A Pooled-Data Meta-Analysis

Ángel Chamorro, MD; Scott Brown, PhD; Sergio Amaro, MD; Michael D. Hill, MD;  
Keith W. Muir, MD; Diederik W.J. Dippel, MD; Wim van Zwam, MD; Ken Butcher, MD;  

Gary A. Ford, MD; Heleen M. den Hertog, MD; Peter J. Mitchell, MD;  
Andrew M. Demchuk, MD; MD; Charles B.L.M. Majoie, MD; Serge Bracard, MD;  

Igor Sibon, MD; Ashutosh P. Jadhav, MD; Blanca Lara-Rodriguez, MD; Aad van der Lugt, MD;  
Elizabeth Osei, MD; Arturo Renú, MD; Sébastien Richard, MD; David Rodriguez-Luna, MD;  

Geoffrey A Donnan, MD; Anand Dixit, MD; Mohammed Almekhlafi, MD;  
Sandrine Deltour, MD; Jonathan Epstein, MD; Benoit Guillon, MD; Serge Bakchine, MD;  

Meritxell Gomis, MD; Richard du Mesnil de Rochemont, MD; Demetrius Lopes, MD;  
Vivek Reddy, MD; Gernot Rudel, MD; Yvo B.W. E.M. Roos, MD; Alain Bonafe, MD;  

Hans-Christoph Diener, MD; Olvert A. Berkhemer, MD; Geoffrey C. Cloud, MD;  
Stephen M. Davis, MD; Robert van Oostenbrugge, MD; Francis Guillemin, MD;  

Mayank Goyal, MD; Bruce C.V. Campbell, MD; Bijoy K. Menon, MD; for the HERMES Collaborators

DOI: 10.1161/STROKEAHA.118.023769Stroke is available at https://www.ahajournals.org/journal/str

D
ow

nloaded from
 http://ahajournals.org by on July 4, 2023

https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.118.023769
mailto:achamorro@clinic.cat
https://www.ahajournals.org/journal/str


Chamorro et al  Glucose Is a Treatment Modifier of Thrombectomy  691

Results—Median (interquartile range) serum glucose on admission was 120 (104–140) mg/dL (6.6 mmol/L [5.7–7.7] 
mmol/L). EVT was better than standard care in the overall pooled-data analysis adjusted common odds ratio (acOR), 2.00 
(95% CI, 1.69–2.38); however, lower glucose levels were associated with greater effects of EVT over standard care. The 
interaction was nonlinear such that significant interactions were found in subgroups of patients split at glucose < or >90 
mg/dL (5.0 mmol/L; P=0.019 for interaction; acOR, 3.81; 95% CI, 1.73–8.41 for patients < 90 mg/dL versus 1.83; 95% 
CI, 1.53–2.19 for patients >90 mg/dL), and glucose < or >100 mg/dL (5.5 mmol/L; P=0.004 for interaction; acOR, 3.17; 
95% CI, 2.04–4.93 versus acOR, 1.72; 95% CI, 1.42–2.08) but not between subgroups above these levels of glucose.

Conclusions—EVT improved stroke outcomes compared with standard treatment regardless of glucose levels, but the 
treatment effects were larger at lower glucose levels, with significant interaction effects persisting up to 90 to 100 mg/
dL (5.0–5.5 mmol/L). Whether tight control of glucose improves the efficacy of EVT after large-vessel stroke warrants 
appropriate testing.   (Stroke. 2019;50:690-696. DOI: 10.1161/STROKEAHA.118.023769.)

Key Words: blood glucose ◼ hyperglycemia ◼ meta-analysis ◼ patients ◼ thrombectomy

Glucose is essential for normal brain function but may also 
exacerbate ischemic brain injury through mechanisms 

occurring within the brain vasculature, microglia, neural cells, 
and infiltrating leukocytes.1 Observational studies have shown 
that hyperglycemia is associated with poor stroke outcomes,2 
whether the patients are treated with intravenous thrombol-
ysis or not.3–5 Hyperglycemia has also been associated with 
less favorable outcomes in patients with stroke treated with 
endovascular thrombectomy (EVT) in observational studies6–8 
and in 1 randomized controlled trial that compared the Merci 
and the Solitaire FR device.9 However, a post hoc analysis of 
the MR CLEAN trial (Multicenter Randomized Clinical Trial 
of Endovascular Treatment for Acute Ischemic Stroke in the 
Netherlands) found no evidence for effect modification of 
intraarterial treatment by glucose >140 mg/dL (7.8 mmol/L).10 
Hyperglycemia is frequent in the acute phase of ischemic 
stroke,11 but its definition varies widely across stroke studies, 
with cutoffs ranging from 109.8 mg/dL (6.1 mmol/L) to >180 
mg/dL (9.9 mmol/L) random glucose levels.12 Hyperglycemia 
promotes tissue acidosis and the production of reactive oxygen 
and nitrogen species that increase infarct size, brain swelling, 
hemorrhagic transformation, blood-brain barrier disruption 
and results in more severe neurological deficits under exper-
imental ischemic conditions.13,14 Patients treated with EVT 
have the highest rate of recanalization of the occluded ves-
sel and arguably have a greater exposure to redox-mediated 
mechanisms which are activated by the reoxygenation of the 
ischemic brain and also fueled by the levels of glucose.15 It is 
uncertain whether in patients with large-vessel stroke treated 
with EVT, glucose could be not only a negative prognostic 
factor but also a treatment modifier of the efficacy of the pro-
cedure. Clarification of this important question is the main ob-
jective of the current analysis for it could provide evidence 
for or against strategies to maximize the benefits of EVT by 
optimization of glucose management in this population. To 
this end, we sought for modification of the effect of EVT by 
glucose level in the randomized phase 3 trials in which stent 
retrievers were used for acute treatment of ischemic stroke.

Methods
The data that support the findings of this study are available from 
the corresponding author on reasonable request. The HERMES col-
laboration (highly effective reperfusion using multiple endovascular 
devices)15 pooled individual patient data from all randomized phase 

3 trials in which stent retrievers or other second-generation devices 
were used in the majority of endovascular interventions for treatment 
of acute ischemic stroke and for which a peer-reviewed, complete 
primary results article was published by May 31, 2017. Comparative 
design features of the contributing trials have been described15,16 and 
included MR CLEAN,17 ESCAPE (The Endovascular Treatment 
for Small Core and Anterior Circulation Proximal Occlusion 
With Emphasis on Minimizing CT to Recanalization Times),18 
EXTEND-IA (Extending the Time for Thrombolysis in Emergency 
Neurological Deficits — Intra-Arterial),19 SWIFT PRIME (Solitaire 
With the Intention for Thrombectomy as Primary Endovascular 
Treatment),20 REVASCAT (Randomized Trial of Revascularization 
With Solitaire FR Device Versus Best Medical Therapy in the 
Treatment of Acute Stroke due to Anterior Circulation Large Vessel 
Occlusion Presenting Within Eight Hours of Symptom Onset),21 
PISTE (Pragmatic Ischaemic Thrombectomy Evaluation),22 and 
THRACE (Mechanical Thrombectomy After Intravenous Alteplase 
Versus Alteplase Alone After Stroke )23 trials. The HERMES exec-
utive committee (comprising representatives of each trial) confirmed 
that all eligible trials were included and contributed their trial data. 
All participants provided informed consent according to each trial 
protocol, and each study was approved by the local ethics board. The 
current analysis was prospectively designed by one of the authors (Dr 
Chamorro), but not registered. We followed the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses Guidelines (See 
the online-only Data Supplement).

In the HERMES trials, glucose was collected as part of the pre-
randomization screening blood work, and patients with whole blood 
or plasma glucose levels between 48 mg/dL (2.7 mmol/L) and 400 
mg/dL (22.2 mmol/L) fulfilled the entry criteria of the pooled tri-
als. The reported management of glucose in the early phase of acute 
 ischemic stroke was not identical among the different studies, as 2 
trials (ESCAPE and MR CLEAN) referred to national standards and 
guidelines for glucose management, 1 trial (REVASCAT) recom-
mended a target blood glucose level of >160 mg/dL (8.9 mmol/L) 
while advising against the correction of baseline glucose labora-
tory values to meet the inclusion criteria of the study, and 4 trials 
(EXTEND-IA, SWIFT PRIME, PISTE, THRACE) provided no spe-
cific recommendations for glucose management.

The primary outcome was defined as the degree of disability at 3 
months, assessed across 6 levels of the modified Rankin Scale (mRS), 
with ranks 5 and 6 combined into a single worst outcome rank (pri-
mary outcome). Secondary outcomes included (1) functional inde-
pendence at 3 months, defined as mRS scores of 0 through 2; (2) 
excellent outcome at 3 months, defined as mRS score of 0 through 
1; (3) early neurological recovery at 24 hours, defined as a reduction 
in National Institutes of Health Stroke Scale score from baseline of 
at least 8 points or reaching mRS of 0 to 1; and (4) complete reper-
fusion, defined as a modified treatment in cerebral infarction score 
2b or 3 at the end of EVT. Safety outcomes evaluated were 90-day 
mortality and symptomatic intracranial hemorrhage within 36 hours. 
Symptomatic intracranial hemorrhage was classified according to the 
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actual definitions used in each trial, whereas intracranial hemorrhage 
was defined as parenchymal hematoma type 2.24

Data were provided by the authors of all the trials meeting eligi 
bility criteria and collected by independent statisticians. Dr Brown 
coordinated the creation of the unified database. We used a 1-stage 
approach, defined as the use of individual patient data with analysis 
including covariates and random study effects to appropriately incor-
porate any between-study differences.25

To account for between-study variance in relationships among 
predictors and outcomes, the statistical models incorporated random 
effects for study and study-by-treatment interaction (in those models 
assessing both treatment groups). Analyses were based on all ran-
domized patients based on their original group of randomization, 
after excluding missing values for admission glucose and 90-mRS, 
and the relationship of glucose with clinical and radiological out-
comes was evaluated principally through logistic regression models.

A detailed description of the analytic approach is provided in 
the statistical analysis plan (Appendix in the online-only Data 
Supplement). The primary analysis evaluated whether glucose mod-
ified the effect of treatment on mRS at 90 days, when adjusted for 
prespecified covariates using ordinal logistic regression adjusted for 
age, sex, National Institutes of Health Stroke Scale score at admis-
sion, prior use of intravenous alteplase, occlusion location (internal 
carotid artery/M1/M2), time from stroke onset to randomization, and 
history of diabetes mellitus. Treatment assignment was included as 
a variable with 2 levels: EVT and standard care. Baseline and pro-
cedural characteristics were compared between treatment groups 
and between glucose subgroups using t tests for continuous vari-
ables, Fisher exact test for binomial outcomes, and Pearson χ2 for 
multinomial outcomes. The interaction between glucose and treat-
ment assignment on the primary outcome assessed glucose using 
subgroups defined by 10 mg/dL increments from 80 to 180 mg/dL 
(4.9–9.9 mmol/L); all subgroup results for the various cutoffs evalu-
ated were then presented. Category-specific effects were reported (in 
text and using figures), and the presence of significant interactions 
were noted. For this purpose, P values are presented; adjustment for 
multiplicity of testing was applied in assessing the optimal cutoff 
for distinguishing treatment by glucose interaction. Secondary out-
comes and safety outcomes were also adjusted for the same base-
line prognostic factors. Statistical analyses were performed in SAS 
software version 9.4 (SAS Institute, Cary, NC) and R version 3.3 
(R Foundation for Statistical Computing, Vienna, Austria). All P 
values presented are 2-sided, with values <0.05 defining statistical 
significance.

Results
After pooling and screening data from all 7 trials in the 
HERMES collaboration, glucose was not available in 60 
(3.4%) of 1764 patients, with 30 patients lacking glucose 
data in the endovascular group, and 30 patients lacking glu-
cose data in the standard care group (Appendix Figure I in the 
online-only Data Supplement).

Across the entire study population, the median glucose on 
admission was 120 mg/dL (6.6 mmol/L; interquartile range 
104–140 mg/dL; 5.7–7.7 mmol/L), and the distribution of glu-
cose levels in the whole study group was well balanced between 
the 2 treatment arms (Appendix Figure II in the online-only 
Data Supplement). Results were consistent across the analysis 
methods and showed higher glucose levels to be significantly 
associated with worse outcomes, including reduced excellent 
outcome (mRS, 0–1), functional independence (mRS 0–2), 
and early neurological recovery and increased all-cause mor-
tality and symptomatic hemorrhagic complications (Table). In 
contrast, blood glucose concentration was not associated with 
the occurrence of successful reperfusion at the end of EVT.

In the entire population, EVT improved the primary out-
come compared with standard care (adjusted common odds 
ratio 2.00; 95% CI, 1.69–2.38). Notwithstanding, the treat-
ment effect on the primary outcome was found to be non-
linearly dependent on the levels of glucose (Figure 1), and 
significant treatment interactions were found for subgroup 
cutoffs of 90 mg/dL (5.0 mmol/L), 6% of the study sample and 
100 mg/dL (5.5 mmol/L), 17% of the study sample, but not for 
the subgroups of patients with glucose cutoffs above this level 
(Appendix Table I in the online-only Data Supplement). After 
Bonferroni correction, for the primary outcome only the dif-
ference in treatment effect between glucose <100 mg/dL and 
glucose ≥100 mg/dL remained significant. For the glucose 
cutoff of 90 mg/dL (5.0 mmol/L; Figure 2A), there were sig-
nificant interactions for the rates of functional independence 
(mRS 0–2) and mortality; for the glucose cutoff of 100 mg/dL 
(5.5 mmol/L; Figure 2B), there were significant interactions 
for functional independence, early neurological recovery, and 
mortality. The interaction effect between treatment assign-
ment and glucose level was also highly significant when com-
paring patients with glucose <100 mg/dL (5.5 mmol/L) with 
those >100 mg/dL (5.5 mmol/L; P=0.004) after Bonferroni 
adjustment for multiple comparisons against a threshold 
of 0.05/10=0.005; for the glucose cutoff of 110 mg/dL (6.6 
mmol/L), there were significant interactions for functional 
independence (Appendix Table II in the online-only Data 
Supplement). The magnitude of these associations were clin-
ically meaningful: for every 100 patients with glucose <100 
mg/dL (5.5 mmol/L) treated with EVT, 45 will have a less 
disabled outcome than with best medical management, and 32 
more will achieve functional independence (mRS, 0–2) as a 
result of treatment; for every 100 patients with glucose >100 
mg/dL (5.5 mmol/L) treated with EVT, 23 will have a less 
disabled outcome than with best medical management, and 
14 more will achieve functional independence (mRS 0–2) as 
a result of treatment

The rates of excellent outcome and symptomatic intracra-
nial hemorrhage showed no significant interactions with the 
treatment effect at any glucose cutoff.

Patients with glucose levels <100 mg/dL (5.5 mmol/L) 
were younger, had a lower rate of diabetes mellitus, were 
more likely to have a history of tobacco use, and had shorter 
time from stroke onset to randomization than patients without 
this range, but did not differ in baseline clinical stroke severity 
(according to National Institutes of Health Stroke Scale), 
occlusion location, affected hemisphere, or rates of hyper-
tension, hyperlipidemia, and tPA (tissue-type plasminogen 
activator) use (Appendix Table III in the online-only Data 
Supplement).

The number needed to treat for benefit to improve out-
come by 1 mRS category at 3 months was 2.2 in patients with 
glucose <100 mg/dL (5.5 mmol/L) versus 4.4 in patients with 
glucose ≥100 mg/dL (5.5 mmol/L).

Discussion
This meta-analysis of individual patient data from 7 random-
ized trials provides post hoc evidence that EVT improved the 
primary outcome (mRS at 3 months) more effectively than 
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standard care in patients with large-vessel ischemic stroke re-
gardless of glucose levels at stroke onset. The analysis also 
identified that the patients with glucose ranging between 90 
and 100 mg/dL (5.0–5.5 mmol/L) at stroke onset (17% of the 
study sample) had the largest treatment effect in favor of the 
intervention. Consistently, in subgroups with lower glucose 
levels, the larger benefits also extended to predefined sec-
ondary outcomes, including functional independence (dichot-
omized mRS 0–2), early neurological recovery at 24 hours, 
and all-cause mortality, whereas there were no significant dif-
ferences in the rate of symptomatic or asymptomatic hemor-
rhagic complications.

The differences in efficacy between the randomly assigned 
treatments were significantly lower at glucose levels above 
100 mg/dL (5.5 mmol/L).The study included a large cohort of 
patients with and without diabetes mellitus, and the findings 

were consistent with those of prior studies that did not include 
patients treated with EVT1,9,26,27 showing that higher glucose 
levels were associated with worse functional outcomes at 3 
months and were also associated with increased all-cause 
mortality and greater risks of symptomatic hemorrhagic com-
plications. Hyperglycemia was deemed to impair the efficacy 
of intravenous thrombolysis in previous studies,5 whereas we 
found similar rates of successful reperfusion after EVT re-
gardless of glucose levels, arguing that the worse outcomes 
found in patients with higher glucose levels were not the con-
sequence of impaired brain reperfusion after the endovascular 
procedure.

The key question is whether lower glucose is a simply a 
marker for patients who have a better prognosis or if acutely 
lowering glucose could improve prognosis. The benefits of 
lowering glucose concentration in patients with acute ischemic 

Table. Associations Between Continuous Glucose Levels and Outcomes

 n
Glucose, mg/dL; Mean±SD 

[Median] (IQR) P Value
Unadjusted OR 

(95% CI)* P Value
Adjusted OR  
(95% CI)† P Value

Excellent outcome <0.001 0.92 (0.88–0.95) <0.0001 0.93 (0.89–0.96) <0.0001

    mRS 0–1 383 120.2±33.5 [113.4]  
(100·0–130.0)

     

    mRS 2–6 1304 134.8±74.6 [121.8]  
(106.2–145.0)

     

Good outcome <0.001 0.92 (0.90–0.95) <0.0001 0.93 (0.90–0.96) <0.0001

    mRS 0–2 662 123.7±54.8 [114.5]  
(101.8–133.2)

     

    mRS 3–6 1025 136.5±74.6 
[123.0] (107·3–147.0)

     

Death <0.0001 1.07 (1.04–1.10) <0.0001 1.06 (1.03–1.09) <0.0001

    Yes 271 147.1±111.3 [129.1]  
(107.3–157.0)

     

    No 1425 128.4±55.1 [118.2]  
(104.4–138.2)

     

ENR <0.0001 0.92 (0.88–0.96) <0.001 0.93 (0.89–0.97) 0.002

    Yes 602 123.1±34.6 [115.2]  
(102.6–134.0)

     

    No 1046 134.5±63.6 [121.8]  
(106.0–145.5)

     

sICH <0.0001 1.07 (1.03–1.12) 0.001 1.06 (1.02–1.11) 0.006

    Yes 62 172.9±213.4 [127.5]  
(110.9–161.0)

     

    No 1612 129.6±54.3 [119.0]  
(104.4–140.0)

     

mTICI score 0.124 0.97 (0.93–1.01) 0.175 0.97 (0.93–1.02) 0.242

    2b/3 535 129.5±55.5 [119.0]  
(105.0–140.0)

     

    0–2* 179 140.1±127.2 [121.8]  
(107.3–143.0)

     

ENR indicates early neurological recovery; IQR, interquartile range; mRS, modified Rankin Scale; mTICI, modified Thrombolysis in Cerebral 
Infarctions; NIHSS, National Institutes of Health Stroke Scale; OR, odds ratio; sICH, symptomatic intracranial hemorrhage; and tPA, tissue-type 
plasminogen activator.

*OR for experiencing the first listed outcome; the incremental unit of glucose is 10 mg/dL.
†Adjusted for age, sex, NIHSS, occlusion location, tPA administration, history of diabetes mellitus, and time from onset to randomization.
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stroke remain to be demonstrated, but all the reported previous 
attempts have been unsuccessful.28,29 In the GIST‐UK trial (UK 
Glucose Insulin in Stroke Trial), 24-hour glucose potassium 
insulin infusion targeted to maintain glucose at 72 to 126 mg/
dL (4–7 mmol/L) did not improve outcome in patients with 
admission glucose concentration between 108-306 mg/dL 
(5.9–16.9 mmol/L).28 However, this study was compromised 
by under‐recruitment, late treatment initiation, and marginal 
reduction of blood glucose (10 mg/dL [0.5 mmol/L]) com-
pared with control.28 In the SELESTIAL trial (Spectroscopic 
Evaluation of Lesion Evolution in Stroke: Trial of Insulin for 
Acute Lactic Acidosis),29 glucose potassium insulin infusion 
targeted to maintain blood glucose between 72 and 126 mg/
dL (4–7 mmol/L), did lower blood glucose from 6 to 12 hours 
after glucose potassium insulin initiation, and attenuated an in-
crease in brain lactate, but the therapy did not affect cerebral 
infarct growth, and hypoglycemia (<72 mg/dL [4.0 mmol/L]) 
occurred in 76% of glucose potassium insulin–treated subjects, 

although it was predominantly asymptomatic.29 The mean glu-
cose levels obtained in these trials ranged between 105 and 112 
mg/dL (5.8–6.2 mmol/L), and there was a low risk of sympto-
matic hypoglycemia. The SHINE trial (Stroke Hyperglycemia 
Insulin Network Effort Trial; https://www.clinicaltrials.gov. 
Unique identifier: NCT01369069) is currently determining 
the safety and efficacy of attaining a glucose range of 80 to 
179 mg/dL (4.4–9.9 mmol/L) versus 80 to 130 mg/dL (4.4–7.2 
mmol/L) for up to 72 hours, starting within 12 hours of stroke 
symptom onset, and the TEXAIS trial (Trial of Exenatide 
Versus Standard Care in Acute Ischemic Stroke; https://
www.clinicaltrials.gov. Unique identifier: NCT03287076) 
is comparing exenatide to standard of care in patients with 
acute ischemic stroke commencing treatment within 9 hours 
of symptom onset, although in this trial, there is not a target 
glucose level. However, in none of the ongoing trials, it is 
anticipated the inclusion of a sufficient number of patients that 
will receive EVT to detect a treatment effect in that subgroup. 
Altogether, it seems that moderate lowering of glucose levels 
in patients with acute ischemic stroke not treated with EVT 
prevents lactic acidosis, but this effect seems not to translate 
into clinical benefits. Indeed, extracellular lactate accumula-
tion is not a crucial determinant of brain injury in experimental 
hyperglycemia,30for prevention of tissue acidosis does not 
avoid brain tissue damage under hyperglycemic conditions.31

Endovascular thrombectomy achieves a high rate of suc-
cessful reperfusion, facilitating the reentry of oxygen into the is-
chemic brain to a much larger extent than any other therapeutic 
options. Because oxygen boosts the formation of free radicals 
in parallel with the availability of glucose,2,3 it is possible that 
patients receiving EVT are more vulnerable to the redox-medi-
ated effects of glucose. Classical experimental studies of focal 
cerebral ischemia support the significance of reperfusion in 
contributing to the detrimental effect of hyperglycemia.32

The results of this post hoc pooled-data meta-analysis 
need to be interpreted with caution and cannot be used to 
change clinical recommendations. These data do provide 

Figure 1. Modification of pretreatment glucose on treatment effect of 
endovascular thrombectomy over standard care on the rate of functional 
independence (modified Rankin Scale [mRS] 0–2).

Figure 2. Forest plots of odds ratios for the model of main treatment effects of endovascular thrombectomy or standard care according to admission 
glucose concentration < or ≥90 mg/dL (5.0 mmol/L; A) and 100 mg/dL (5.5 mmol/L; B) in the HERMES (highly effective reperfusion using multiple endo-
vascular devices) population. ENR indicates early neurological recovery; LCL, lower confidence limits; mRS, modified Rankin Scale; OR, odds ratio; sICH, 
symptomatic intracranial hemorrhage; and UCL, upper confidence limits.
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clinical justification for the study of tight glucose manage-
ment in patients receiving EVT. Testing a glucose target of 
90 to 100 mg/dL (5.0–5.5 mmol/L) seems justified, despite 
the risk that this approach might increase the occurrence of 
hypoglycemia, which has been predominantly asymptomatic 
in previous trials.28,29 Therapeutic alternatives without the risk 
of hypoglycemia could also be considered for further clinical 
testing, including the administration of the antioxidant uric 
acid. In the URICOICTUS trial,33 in addition to the antiox-
idant uric acid or placebo, all the patients received intrave-
nous thrombolysis within 4.5 hours of stroke onset, and some 
also received rescue EVT.34 In this trial, uric acid therapy 
reduced infarct growth and improved the functional outcome 
at 3 months more effectively than placebo even in patients 
with hyperglycemia,35supporting the idea that the toxicity of 
hyperglycemia can be minimized by enhancing antioxidant 
exposure. Indeed, inactivation of the glucose-dependent nic-
otinamide adenine dinucleotide phosphate oxidase enzyme 
blocks neuronal reactive oxygen and nitrogen species produc-
tion and negates the deleterious effects of hyperglycemia.36

Some limitations of this pooled-data analysis include the 
lack of information on the longitudinal course of glucose at 
follow-up, the undocumented use of lowering glucose drugs, 
or whether glucose concentration was measured in venous or 
capillary samples. Three of the trials analyzed patients that 
were treated following widely accepted guidelines recom-
mending the administration of insulin in patients with glucose 
concentrations >140 mg/dL (7.8 mmol/L) to 185 mg/dL (10.3 
mmol/L), although 4 trials provided no specific treatment rec-
ommendations. Low glucose at stroke onset could be associ-
ated with good prognostic variables not measured in this study, 
such as lower body mass index, better collaterals, or less need 
for general anesthesia. Given the exploratory analyses test-
ing the effect modification of pretreatment glucose, concerns 
about type 1 error with multiple testing might arise, but the 
P value for interaction with glucose 100 mg/dL cutoff values 
remained significant after Bonferroni correction. Furthermore, 
the pooled patients were treated at many centers in multiple 
countries on 4 continents, suggesting wide applicability.

In conclusion, in this individual patient data meta-analysis 
of 7 randomized clinical trials of patients with large-vessel 
ischemic stroke, the effect of EVT on functional outcome at 
3 months compared with standard treatment was severely di-
minished with increasing glucose levels.
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