High Stress Hyperglycemia Ratio Predicts Poor Outcome after
Mechanical Thrombectomy for Ischemic Stroke
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Objective: The present study aimed to evaluate the association between stress hyper-
glycemia ratio (SHR) and outcome at 3 months after mechanical thrombectomy
(MT) for acute occlusion in the anterior circulation. Methods: Data from 160 consecu-
tive patients with large vessel occlusion in the anterior circulation who underwent
MT from May 2013 to March 2018 were retrospectively reviewed. SHR was calcu-
lated as the fasting glucose concentration divided by the estimated average glucose
concentration (derived from the glycosylated hemoglobin level). Patients were
dichotomized into 2 groups in accordance with the median SHR. Univariate and
multivariate analyses were used to identify predictors of functional outcome. Good
and poor outcomes were defined as modified Rankin Scale scores of 0-2 and 3-6,
respectively. Results: patients with unfavorable outcome had significantly higher
levels of SHR than those with favorable outcome (median in SHR =1.02 versus .84,
P =.000). The median SHR was .96. Univariate analysis showed that significantly
more patients with a poor outcome had SHR > .96 compared with those with a
good outcome (65.2% versus 31.0%, P =.000). After adjusting for potential covari-
ates, Increased SHR (odds ratio [OR] 6.97, 95% confidence intervals [CI] 1.22-39.65,
P =.029, for continuous SHR levels) and SHR > .96 (OR 3.12, 95% CI 1.39-6.96,
P =.006) remained independent predictors of poor outcome. Conclusions: Increased
SHR is strongly correlated with poor outcome at 3 months after MT for proximal
artery occlusion in the anterior circulation.
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Introduction

Mechanical thrombectomy (MT) is the standard treat-
ment for acute large vessel occlusion in the anterior circu-
lation, as it results in an increased rate of recanalization
and improved functional outcome.! However, more than
half of the patients who undergo MT still have a poor clin-
ical outcome.” Previous studies have demonstrated that
an adverse functional outcome following endovascular
treatment with MT or thrombolysis for acute occlusion of
a large artery was associated with an elevated random
glucose concentration at admission or an elevated fasting
glucose concentration.”” However, the absolute glucose
concentration, including the random and fasting concen-
trations, cannot distinguish between chronic poor man-
agement of background glucose levels and a physiologic
stress response to acute stroke.

Recently, Roberts et al.” introduced the stress hyperglyce-
mia ratio (SHR) as the glucose concentration at admission
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divided by the estimated average glucose concentration
derived from the glycosylated hemoglobin (HbAlc) level,
and established that the SHR was a better predictor of criti-
cal illness than absolute hyperglycemia. The SHR may be a
more reliable method which to measure the degree of stress
hyperglycemia, as it controls for background glucose levels.
The SHR is reportedly related to the occurrence of major
adverse cardiovascular and cerebrovascular events in
patients with coronary artery disease undergoing percuta-
neous coronary intervention.” Moreover, in patients with a
minor ischemic stroke or transient ischemic attack, the SHR
is associated with an increased risk of recurrent stroke."”

It remains unclear whether the SHR can predict the clin-
ical outcome in patients with large vessel occlusion in the
anterior circulation. The aim of the present study was to
explore the relationship between the SHR and the func-
tional outcome at 3 months after MT for acute proximal
vessel occlusion in the anterior circulation.

Methods

We retrospectively analyzed prospectively collected
data from consecutive patients with proximal artery
occlusion in the anterior circulation who underwent MT
at our institution from May 2013 to March 2018. Detailed
clinical information was collected for each patient, includ-
ing demographic data (age and sex), risk factors, and
medical history (hypertension, diabetes mellitus, dyslipi-
demia, current smoking status, coronary artery disease,
history of stroke, or transient ischemic attack), procedure-
associated characteristics, laboratory findings, and imag-
ing data. Written informed consent was obtained from all
patients. The present study was approved by the ethics
committee of Zhongshan Hospital Xiamen University.

Patients were considered for study inclusion if they met
the following inclusion criteria: age 18 years or older;
large vessel occlusion in the anterior circulation confirmed
by Computed tomography angiography (CTA), Magnetic
resonance angiography (MRA), or Digital substraction
angiography (DSA); National Institutes of Health Stroke
Scale (NIHSS) score of >2; premorbid modified Rankin
Scale (mRS) score of <1; hypodensity <1/3 of the middle
cerebral artery territory on cranial computed tomography.
We excluded patients with conditions affecting the HbAlc
level, including renal failure (serum creatinine concentra-
tion greater than 180 pumol/L) and anemia (hemoglobin
<100 g/L). In the current study, most patients underwent
MT within 6 hours from the time of symptom onset. Some
patients underwent MT more than 6 hours after symptom
onset based on a favorable benefit-risk ratio as assessed
by experienced neurointerventionists or a mismatch on
perfusion imaging.

Stroke severity was assessed via the NIHSS score at
admission and at 24 hours after MT. Repeated imaging
(computed tomography or magnetic resonance imaging)
was performed at 24 hours after the procedure or at any

time at which a patient exhibited neurological deteriora-
tion. Current smokers were defined as those who smoked
at least 1 cigarette every day. Symptomatic intracerebral
hemorrhage was defined as any hemorrhage that
occurred within 36 hours after intervention, combined
with an increase in the NIHSS score of >4. Recanalization
status was evaluated using the Modified Treatment in
Cerebral Infarction Scale'' as complete recanalization (2b-
3) or incomplete recanalization (0-2a). Collateral flow was
graded using the American society of interventional and
therapeutic neuroradiology/society of interventional
radiology.'” Stroke etiology was classified in accordance
with the Trial of ORG 10172 in Acute Stroke Treatment
criteria."” Follow-up data were obtained via outpatient
visits or telephone interviews. The clinical functional out-
come at 3 months after MT was defined as either poor
(mRS score 3-6) or good (mRS score 0-2).

Blood samples were taken within the first 48 hours after
admission after overnight fasting. The fasting glucose con-
centration and HbAlc level were rapidly measured after
venipuncture. HbAlc levels were assayed by an auto-
analyzer (ADAMS Alc HA-8180, ARKRAY Factory, Inc.,
Japan). The HbAlc level was used to calculate the esti-
mated average glucose concentration during the 3 months
before admission using the following equation:'*
(1.59 x HbAlc) — 2.59. The SHR was calculated as the fast-
ing glucose concentration divided by the estimated average
glucose concentration: [fasting glucose concentration
(mmol/L)]/[(1.59 x HbAlc) — 2.59]. Patients were diag-
nosed with diabetes mellitus on the basis of a prior history
of diabetes mellitus or a HbAlc level of >6.5%.

Statistical Analysis

Continuous variables were expressed as the mean (SD)
or median (IQR). Statistical comparisons were performed
with the Student's ¢ test or the Mann-Whitney U test. Cat-
egorical variables were presented as percentages, and
analyzed using the chi-square test or Fisher's exact test.
Covariates influencing the clinical outcome of the univari-
ate analysis (P < .10) were entered into a forward step-
wise multiple logistic regression model. Furthermore,
subgroup analysis was performed based on diagnosis of
diabetes mellitus. Statistical analyses were conducted
using SPSS 23.0 software, and a 2-tailed P value of < .05
was considered statistically significant.

Results

During the study period, 187 patients who underwent
MT met the inclusion criteria. Of these, 168 patients had
fasting glucose and HbAlc data available. Five patients
with anemia and 3 patients with renal failure were
excluded. Hence, the study cohort comprised a total of
160 patients (mean age 63.2 & 12.2 years, 67.5% male).
The clinical characteristics of the included patients are
summarized in Table 1. The median NIHSS score on
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Table 1. Comparison of clinical characteristics between good and poor outcome

Variables Total (n=160) mRS 0-2 (n=71) mRS 3-6 (n=89) P value
Age (years), mean (SD) 63.2 (12.2) 58.8 (12.5) 66.8 (10.8) .000
Male, n (%) 108 (67.5) 50 (70.4) 58 (65.1) 481
Risk factors and medical history, n (%)
Hypertension 86 (53.1) 33 (46.5) 53 (59.6) .099
Diabetes mellitus 29 (18.1) 12 (16.9) 17 (19.1) 7120
Dyslipidemia 74.4) 4(5.6) 3(3.4) 701
Coronary artery disease 21 (13.1) 5(7.0) 16 (17.9) .048
Stroke/TIA 20 (12.5) 8(11.2) 12 (13.5) .674
Current smoking 36 (22.5) 19 (26.8) 17 (19.1) .249
Stroke characteristics
Initial NIHSS score, median (IQR) 15.0 (12.0-20) 13.0 (10.0-15.0) 17.0 (14.0-21.0) .000
SBP (mmHg), median (IQR) 139.0 (125.0-160.0)  135.0 (124.0-146.0)  147.0 (130.0-162.0) .005
DBP (mmHg), mean (SD) 83.5(13.9) 81.6 (10.6) 84.9 (16.0) 121
ASITN/SIR < 2,1 (%) 65 (40.6) 18 (25.4) 47 (52.8) .000
Vessel occlusion site, n (%)
LCA 64 (40.0) 26 (36.6) 38 (42.7) 436
M1 75 (46.9) 32 (45.1) 43 (48.3) .683
M2 18 (11.3) 12 (16.9) 6(6.7) .043
Stroke etiology, n (%)
Large-artery atherosclerosis 79 (49.4) 38 (52.5) 41 (46.1) .349
Cardioembolic 60 (37.5) 25(35.2) 35(39.3) .593
Other or undetermined 21 (13.1) 8(11.3) 13 (14.6) 534
Stroke management
Intravenous thrombolysis, n (%) 50 (31.3) 22 (30.9) 28 (31.4) .949
Onset to groin puncture (min), median IQR)  280.0 (227.0-332.0)  278.0 (220.0-333.0)  289.0 (230.0-335.0) .670
Total time of operation (min), median (IQR) 106.0 (80.0-147.0) 99.0 (75.0-130.0) 115.0 (85.0-172.0) .018
Complete recanalization, n (%) 104 (65.0) 61 (85.9) 43 (48.3) .000
sICH, n (%) 12 (7.5) 2(2.8) 10 (11.2) .067
Laboratory values
Hemoglobin (g/L), mean (SD) 136.5 (16.9) 139.4 (17.2) 134.2 (16.4) .054
Creatinine (Jvmol/L), mean (SD) 73.9 (19.6) 70.6 (15.9) 76.7 (21.8) .049
Admission glucose (mmol/L), median (IQR) 7.4 (6.2-8.6) 7.2 (6.1-8.3) 7.5(6.3-9.3) .106
Fasting glucose (mmol/L), median (IQR) 6.6 (5.5-8.1) 5.9 (5.1-6.8) 7.3(6.3-9.1) .000
Hemoglobin Alc 6.0 (5.6-6.5) 5.8 (5.6-6.5) 6.0 (5.7-6.6) 150
SHR (IQR) 0.96 (.80-1.10) 0.84 (.73-.98) 1.02 (91-1.17) .000
SHR > .96, n (%) 80 (50.0) 22 (31.0) 58 (65.2) .000

ASITN/SIR, American Society of Interventional and Therapeutic Neuroradiology/Society of Interventional Radiology; DBP, diastolic
blood pressure; ICA, internal carotid artery; IQR, interquartile range; M1/M2, middle cerebral artery first segment/second segment; mRS,
modified Rankin scale; NIHSS, National Institutes of Health Stroke Scale; SBP, systolic blood pressure; SHR, stress hyperglycemia ratio;
sICH, symptomatic intracerebral hemorrhage; TIA, transient ischemic attack.

admission was 15.0 (12.0-20.0), and the median SHR was
.96 (.80-1.10). Complete recanalization was achieved in
104 (65.0%) patients, and the outcome after MT was poor
in 89 (55.6%) patients. As the median SHR was .96, the
patients were dichotomized into a high-SHR group (SHR
> .96) and a low-SHR group (SHR < .96).

Univariate analysis showed that the factors that signifi-
cantly differed between patients with a poor outcome ver-
sus those with a good outcome were SHR > .96 (P =.000),
age (P=.000), initial NIHSS score (P=.000), coronary
artery disease (P =.048), baseline systolic blood pressure
(P =.005), collateral flow (P =.000), occlusion of the second
segment of the middle cerebral artery (P =.043), total oper-
ation time (P =.018), complete recanalization (P =.000),
plasma creatinine concentration (P =.049), fasting glucose

concentration (P =.000), and SHR level (P =.000; Table 1).
The multivariate analysis results are presented in Table 2.
Multivariate analysis identified increased SHR level (odds
ratio [OR] 6.97, 95% confidence intervals [CI] 1.22-39.65,
P =.029 for continuous variable) and SHR > .96 (OR 3.12,
95% CI 1.39-6.96, P=.006) as independent predictors of
poor outcome. Figure 1 illustrates the distribution of the
mRS score in patients with a SHR > .96 and those with a
SHR < .96. Moreover, advanced age and higher initial
NIHSS score were also strong risk factors for poor out-
come, whereas complete recanalization was a protective
factor against poor outcome.

In the current cohort, 39 patients were diagnosed with
diabetes mellitus. SHR > .96 (OR 5.11, 95% CI 2.36-11.09,
P=.000) were associated with unfavorable outcome in



STRESS HYPERGLYCEMIA AND MECHANICAL THROMBECTOMY 1671

Table 2. The association between stress hyperglycemia ratio and poor outcome by multiple logistic regression analyses

Continuous SHR levels SHR > .96
OR (95% CI) P value OR (95% CI) P value
Age, years 1.05 (1.02-1.09) .005 1.05 (1.02-1.09) .005
Initial NIHSS score 1.16 (1.07-1.26) .001 1.16 (1.06-1.26) .001
Complete recanalization .17 (.07-43) .000 .15 (.06-.39) .000
SHR 6.97 (1.22-39.65) .029 3.12 (1.39-6.96) .006

Adjusted for fasting glucose level, hypertension, coronary artery disease, systolic blood pressure, ASITN/SIR, middle cerebral artery
second segment, total time of operation, symptomatic intracerebral hemorrhage, hemoglobin level, creatinine level.
NIHSS, National Institutes of Health Stroke Scale; SHR, stress hyperglycemia ratio.

patients without diabetes mellitus by univariate analyses.
When the same analysis was conducted in the diabetic
patients, the association was not significant (OR 2.75, 95%
CI.68-11.11, P =.156). After adjusting for potential covari-
ates, there remained a clear relationship between SHR
> .96 and adverse outcome (OR 4.08, 95% CI 1.57-10.63,
P =.004) in nondiabetic patients.

Discussion

The present study found that increased SHR was a
strong predictor of poor clinical outcome (mRS score 3-6)
at 3 months after MT in patients with acute anterior circu-
lation stroke caused by large artery occlusion independent
of fasting glucose level. The predictive power of SHR
> .96 for adverse outcome was significant in nondiabetic
patients, but not in patients with diabetes mellitus.

In patients with ischemic stroke, the association of
stress hyperglycemia (defined in accordance with the
absolute glucose concentration) with adverse functional
outcome is controversial due to variations in research
methods and study populations.'”'® Moreover, abso-
lute glucose concentration cannot discriminate between
stress hyperglycemia and chronic high background
glucose concentration. In contrast, the SHR is a relative
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indicator of hyperglycemia that represents a quantita-
tive assessment of acute stress-induced hyperglycemia
by adjusting for the background glucose concentration.
Emerging evidence suggests that the SHR is strongly
related to the occurrence of major adverse cardiovascu-
lar and cerebrovascular events in patients with coro-
nary artery disease receiving percutaneous coronary
intervention, and an increased risk of recurrent stroke
in patients with a minor ischemic stroke or transient
ischemic attack.”'’ Our findings further extend the
results of this previous research.

The mechanisms of the association between an
increased SHR and poor outcome following MT in
patients with acute stroke are incompletely understood.
There are several possible explanations for this phenome-
non. First, the stress-induced inflammatory response and
neurohormonal derangements result in a cycle of exces-
sive hepatic glucose production, increasing insulin resis-
tance, and exacerbation of the inflammatory and
oxidative stress responses; these components promote
endothelial dysfunction, platelet aggregation, and mito-
chondrial dysfunction.'® Second, stress hyperglycemia
may lead to reperfusion injury due to increased oxidative
stress and inflammation.”’ Third, hyperglycemia may
cause direct toxic injury to ischemic brain tissue via
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Figure 1. Modified Rankin Scale (mRS) at 3 months among patient with SHR > .96 and SHR < .96. SHR, stress hyperglycemia ratio.
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intracellular acidosis derived from anaerobic cerebral glu-
cose metabolism at the site of ischemic brain tissue.'”

The result of subanalysis showed the predictive power
of SHR > .96 for unfavorable outcome in nondiabetic
patients, but not in patients with diabetes mellitus. This
could be explained by cellular adaptation to hyperglyce-
mia due to physiologic readjustments to higher glucose
concentration in diabetic patients occur over time.”"””
Moreover, patients with diabetes mellitus may be more
tolerant to degrees of glycemic variability than those with-
out diabetes mellitus in the setting of stress response.””*’

Our study indicated that advanced age was closely associ-
ated with poor outcome at 3 months after MT, which is con-
sistent with previous studies.””* A recent review reported
that only 27% of octogenarian patients have a good outcome
at 3 months after MT, and that the mortality rate in this pop-
ulation at 3 months after MT is 34%.” Various factors have
been identified as predictors of age-related poor outcome
after MT, including pre-existing disability, prestroke leu-
koaraiosis, reduced neuronal plasticity, increased tortuosity
of the cerebral vasculature, and a greater proportion of post-
procedure comorbidities and complications.”*”” Our analy-
sis also found that a higher initial NIHSS score was a risk
factor for poor outcome, while complete recanalization was
a protective factor against poor outcome; these findings are
in agreement with previous research.”

The present study had several limitations that should
be considered. First, the present study had a retrospective
and single-center design, which inevitably produced
selection bias. Second, the relatively small sample size
limited the statistical power. Further investigation in a
multicenter trial with a large sample size is warranted.
Third, we did not monitor change in glucose level and
record the use of hypoglycemic agents.

In conclusion, the present study demonstrated that higher
SHR (calculated as the fasting glucose concentration
divided by the estimated average glucose concentration) is
independently related to poor outcome at 3 months after
MT in patients with acute anterior circulation stroke.

Author Contributions

F.P.,, X.Y.C, and Z].L. conceived and designed the study,
and manuscript drafting. J.Y.M. and X.W.Y. contributed to
data collection, analysis, and interpretation of the data.
Q.W.Y. participated in statistical analysis. W.H.Z. performed
the data collection and critical revision of manuscript. X.R.Z.
contributed to review and correction of the manuscript.

Conflict of Interest
The authors declare no conflict of interest.
References

1. Powers WJ, Rabinstein AA, Ackerson T, et al. 2018 guide-
lines for the early management of patients with acute

10.

11.

12.

13.

14.

15.

16.

X. CHEN ET AL.

ischemic stroke: a guideline for healthcare professionals
from the American Heart Association/American Stroke
Association. Stroke 2018;49:e46-e110.

. Goyal M, Menon BK, van Zwam WH, et al. Endovascular

thrombectomy after large-vessel ischaemic stroke: a
meta-analysis of individual patient data from five rando-
mised trials. Lancet 2016;387:1723-1731.

. Goyal N, Tsivgoulis G, Pandhi A, et al. Admission hyper-

glycemia and outcomes in large vessel occlusion strokes
treated with mechanical thrombectomy. ] Neurointerv
Surg 2018;10:112-117.

. Osei E, den Hertog HM, Berkhemer OA, et al. Increased

admission and fasting glucose are associated with unfa-
vorable short-term outcome after intra-arterial treatment
of ischemic stroke in the MR CLEAN pretrial cohort.
J Neurol Sci 2016;371:1-5.

. Kim JT, Jahan R, Saver JL, et al. Impact of glucose on out-

comes in patients treated with mechanical thrombec-
tomy: a post hoc analysis of the solitaire flow restoration
with the intention for thrombectomy study. Stroke
2016;47:120-127.

. Arnold M, Mattle S, Galimanis A, et al. Impact of admis-

sion glucose and diabetes on recanalization and outcome
after intra-arterial thrombolysis for ischaemic stroke. Int
J Stroke 2014;9:985-991.

. Zi W, Wang H, Yang D, et al. Clinical effectiveness and

safety outcomes of endovascular treatment for acute
anterior circulation ischemic stroke in China. Cerebro-
vasc Dis 2017;44:248-258.

. Roberts GW, Quinn SJ, Valentine N, et al. Relative hyper-

glycemia, a marker of critical illness: introducing the
stress hyperglycemia ratio. J Clin Endocrinol Metab
2015;100:4490-4497.

. Yang Y, Kim TH, Yoon KH, et al. The stress hyperglyce-

mia ratio, an index of relative hyperglycemia, as a predic-
tor of clinical outcomes after percutaneous coronary
intervention. Int ] Cardiol 2017,241:57-63.

Pan Y, Cai X, Jing ], et al. Stress hyperglycemia and prog-
nosis of minor ischemic stroke and transient ischemic
attack: the CHANCE study (clopidogrel in high-risk
patients with acute nondisabling cerebrovascular events).
Stroke 2017;48:3006-3011.

Zaidat OO, Yoo AJ, Khatri P, et al. Recommendations on
angiographic revascularization grading standards for
acute ischemic stroke: a consensus statement. Stroke
2013;44:2650-2663.

Higashida RT, Furlan AJ, Roberts H, et al. Trial design
and reporting standards for intra-arterial cerebral throm-
bolysis for acute ischemic stroke. Stroke 2003;34:
el09-e137.

Adams Jr. HP, Bendixen BH, Kappelle L], et al. Classifica-
tion of subtype of acute ischemic stroke. Definitions for
use in a multicenter clinical trial. TOAST. Trial of Org
10172 in acute stroke treatment. Stroke 1993;24:35-41.
Nathan D, Kuenen ], Borg R, et al. Translating the A1C
assay into estimated average glucose values. Diabetes
Care 2008;31:1473-1478.

Capes SE, Hunt D, Malmberg K, et al. Stress hyperglyce-
mia and prognosis of stroke in nondiabetic and diabetic
patients: a systematic overview. Stroke 2001;32:2426-
2432.

Tziomalos K, Dimitriou P, Bouziana S, et al. Stress hyper-
glycemia and acute ischemic stroke in-hospital outcome.
Metab Clin Exp 2017;67:99-105.

. Roquer ], Giralt-Steinhauer E, Cerda G, et al. Glycated

hemoglobin value combined with initial glucose levels


http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0001
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0001
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0001
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0001
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0001
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0002
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0002
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0002
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0002
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0003
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0003
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0003
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0003
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0004
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0004
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0004
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0004
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0004
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0005
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0005
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0005
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0005
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0005
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0006
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0006
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0006
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0006
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0007
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0007
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0007
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0007
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0008
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0008
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0008
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0008
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0009
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0009
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0009
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0009
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0010
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0010
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0010
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0010
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0010
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0011
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0011
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0011
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0011
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0012
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0012
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0012
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0012
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0013
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0013
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0013
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0013
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0014
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0014
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0014
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0015
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0015
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0015
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0015
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0016
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0016
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0016
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0017
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0017
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0017

STRESS HYPERGLYCEMIA AND MECHANICAL THROMBECTOMY

18.

19.

20.

21.

22.

for evaluating mortality risk in patients with ischemic
stroke. Cerebrovasc Dis 2015;40:244-250.

Sung J, Chen C, Hsieh Y, et al. Comparison of admission
random glucose, fasting glucose, and glycated hemoglo-
bin in predicting the neurological outcome of acute ische-
mic stroke: a retrospective study. Peer] 2017;5:e2948.
Dungan K, Braithwaite S, Preiser J. Stress hyperglycae-
mia. Lancet 2009;373:1798-1807.

Luitse M, Biessels G, Rutten G, et al. Diabetes, hypergly-
caemia, and acute ischaemic stroke. Lancet Neurol
2012;11:261-271.

Bosarge PL, Shoultz TH, Griffin RL, et al. Stress-induced
hyperglycemia is associated with higher mortality in
severe traumatic brain injury. ] Trauma Acute Care Surg
2015;79:289-294.

Krinsley JS, Meyfroidt G, van den Berghe G, et al. The
impact of premorbid diabetic status on the relationship
between the three domains of glycemic control and mor-
tality in critically ill patients. Curr Opin Clin Nutr Metab
Care 2012;15:151-160.

23.

24.

25.

26.

27.

1673

Chang MW, Huang CY, Liu HT, et al. Stress-induced and
diabetic hyperglycemia associated with higher mortality
among intensive care unit trauma patients: cross-sectional
analysis of the propensity score-matched population. Int J
Environ Res Public Health 2018;15:€992.

Singer OC, Haring HP, Trenkler ], et al. Age dependency
of successful recanalization in anterior circulation stroke:
the ENDOSTROKE study. Cerebrovasc Dis 2013;36:
437-445.

Hilditch C, Nicholson P, Murad M, et al. Endovascular
management of acute stroke in the elderly: a systematic
review and meta-analysis. AJ]NR Am ] Neuroradiol
2018;39:887-891.

Kleine JF, Boeckh-Behrens T, Prothmann S, et al. Discrep-
ancy between early neurological course and mid-term
outcome in older stroke patients after mechanical throm-
bectomy. ] Neurointerv Surg 2016;8:671-676.

Jayaraman M, McTaggart R. Endovascular treatment of
anterior circulation large vessel occlusion in the elderly.
Front Neurol 2017;8:713.


http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0017
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0017
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0018
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0018
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0018
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0018
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0019
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0019
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0020
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0020
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0020
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0021
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0021
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0021
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0021
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0022
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0022
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0022
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0022
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0022
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0023a
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0023a
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0023a
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0023a
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0023a
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0023
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0023
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0023
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0023
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0024
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0024
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0024
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0024
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0025
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0025
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0025
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0025
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0026
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0026
http://refhub.elsevier.com/S1052-3057(19)30066-7/sbref0026

	High Stress Hyperglycemia Ratio Predicts Poor Outcome after Mechanical Thrombectomy for Ischemic Stroke
	Introduction
	Methods
	Statistical Analysis
	Results
	Discussion
	Author Contributions
	Conflict of Interest

	References


