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IMPORTANCE Hyperglycemia during acute ischemic stroke is common and is associated with
worse outcomes. The efficacy of intensive treatment of hyperglycemia in this setting
remains unknown.

OBJECTIVES To determine the efficacy of intensive treatment of hyperglycemia during acute
ischemic stroke.

DESIGN, SETTING, AND PARTICIPANTS The Stroke Hyperglycemia Insulin Network Effort
(SHINE) randomized clinical trial included adult patients with hyperglycemia (glucose
concentration of >110 mg/dL if had diabetes or �150 mg/dL if did not have diabetes) and
acute ischemic stroke who were enrolled within 12 hours from stroke onset at 63 US sites
between April 2012 and August 2018; follow-up ended in November 2018. The trial included
1151 patients who met eligibility criteria.

INTERVENTIONS Patients were randomized to receive continuous intravenous insulin using
a computerized decision support tool (target blood glucose concentration of 80-130 mg/dL
[4.4-7.2 mmol/L]; intensive treatment group: n = 581) or insulin on a sliding scale that was
administered subcutaneously (target blood glucose concentration of 80-179 mg/dL
[4.4-9.9 mmol/L]; standard treatment group: n = 570) for up to 72 hours.

MAIN OUTCOMES AND MEASURES The primary efficacy outcome was the proportion of
patients with a favorable outcome based on the 90-day modified Rankin Scale score (a global
stroke disability scale ranging from 0 [no symptoms or completely recovered] to 6 [death])
that was adjusted for baseline stroke severity.

RESULTS Among 1151 patients who were randomized (mean age, 66 years [SD, 13.1 years];
529 [46%] women, 920 [80%] with diabetes), 1118 (97%) completed the trial. Enrollment
was stopped for futility based on prespecified interim analysis criteria. During treatment, the
mean blood glucose level was 118 mg/dL (6.6 mmol/L) in the intensive treatment group and
179 mg/dL (9.9 mmol/L) in the standard treatment group. A favorable outcome occurred in
119 of 581 patients (20.5%) in the intensive treatment group and in 123 of 570 patients
(21.6%) in the standard treatment group (adjusted relative risk, 0.97 [95% CI, 0.87 to 1.08],
P = .55; unadjusted risk difference, −0.83% [95% CI, −5.72% to 4.06%]). Treatment was
stopped early for hypoglycemia or other adverse events in 65 of 581 patients (11.2%) in the
intensive treatment group and in 18 of 570 patients (3.2%) in the standard treatment group.
Severe hypoglycemia occurred only among patients in the intensive treatment group (15/581
[2.6%]; risk difference, 2.58% [95% CI, 1.29% to 3.87%]).

CONCLUSIONS AND RELEVANCE Among patients with acute ischemic stroke and
hyperglycemia, treatment with intensive vs standard glucose control for up to 72 hours did
not result in a significant difference in favorable functional outcome at 90 days. These
findings do not support using intensive glucose control in this setting.
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H yperglycemia is present in approximately 40% of pa-
tients with acute ischemic stroke1 and is associated
with worse clinical outcomes,2,3 including greater in-

farct growth4,5 and hemorrhagic infarct conversion.6,7 Data sug-
gest that hyperglycemia during acute brain ischemia aug-
ments the ischemic injury by multiple potential mechanisms,
such as endothelial dysfunction, increased oxidative stress, and
impaired fibrinolysis.8

In the only prior efficacy trial for treating hyperglycemia
during acute stroke, the Glucose Insulin in Stroke Trial (GIST),9

80% of patients did not have diabetes, 16% had hemorrhagic
strokes, and the difference between the blood glucose levels
during a 24-hour treatment period was only 10 mg/dL
(0.6 mmol/L). That trial was stopped early due to slow enroll-
ment and lacked adequate power to address efficacy. There
were no significant differences between treatment groups in
functional outcomes.

Subsequent studies designed to assess the feasibility and
safety of intensive glucose control in the setting of acute ce-
rebral ischemia indicated that such a trial was feasible and
warranted.10,11 Other trials were limited in size or did not
achieve adequate differentiation in glucose control between
treatment groups.12 Current acute stroke guidelines from the
American Heart Association/American Stroke Association
(AHA/ASA) suggest treating hyperglycemia to achieve a blood
glucose level in the range of 140 to 180 mg/dL (7.8-10.0 mmol/L)
and close monitoring to prevent hypoglycemia, but acknowl-
edge limited supporting data.13

Due to the frequency of hyperglycemia among patients
with acute stroke, lack of sufficient evidence from random-
ized trials, and need for an optimal management strategy, the
Stroke Hyperglycemia Insulin Network Effort (SHINE) ran-
domized clinical trial was conducted to assess the efficacy of
intensive vs standard blood glucose control in patients with
hyperglycemic acute ischemic stroke.14 It was hypothesized
that intensive blood glucose control would improve func-
tional outcomes among patients with acute ischemic stroke and
hyperglycemia compared with standard glucose control.

Methods
Trial Design and Oversight
This trial was a randomized clinical trial with blinded out-
come assessment. Sixty-three of the 70 participating sites
across the United States enrolled patients with acute ische-
mic stroke into the trial. The detailed trial rationale, design,
and methods have been published.14 The trial protocol
appears in Supplement 1 and the statistical analysis plan
appears in Supplement 2. The trial protocol was approved by
the institutional review board at each participating site, and
all patients were enrolled after providing written informed
consent.

Trial Population
Patients with hyperglycemia and acute ischemic stroke, a
National Institutes of Health Stroke Scale (NIHSS) score of 3
to 22 (scores range from 0-42; higher scores indicate greater

neurological deficits), presenting within 12 hours from
stroke onset, and aged 18 years or older were eligible for
enrollment (Figure 1). Hyperglycemia in patients with
known type 2 diabetes was defined as a glucose level greater
than 110 mg/dL (>6.1 mmol/L) at the time of enrollment, and
a glucose level of 150 mg/dL or greater (≥8.3 mmol/L) in
patients without known diabetes. Patients with mild stroke
(NIHSS score range, 3-7) were required to have a prestroke
modified Rankin Scale score of 0. The modified Rankin
Scale score ranges from 0 (no symptoms or completely
recovered) to 6 (death). Patients with moderate to severe
stroke (NIHSS score range, 8-22) were required to have a
prestroke modified Rankin Scale score of 0 or 1. For patients
without a prior stroke, the modified Rankin Scale value was
scored as 0 if they were independent and able to walk with-
out assistance.

Patients were ineligible if they had type 1 diabetes,
required renal dialysis, had a clinical indication for insulin
infusion, or had a condition that would confound assessment
of the stroke clinical outcome. Although no defined upper
limit of glucose concentration was exclusionary, the clinical
sites were required to contact the on-call medical safety
monitor if an individual had a glucose level of 500 mg/dL or
greater (≥27.8 mmol/L) before randomization or during treat-
ment. A detailed list of eligibility criteria appears in the trial
protocol (Supplement 1). Race, ethnicity, and sex (fixed cat-
egories) were captured as required by the federal sponsor.
Each was determined based on patient self-report, medical
record review, or report from a reliable individual accompa-
nying the patient.

Trial Procedures
This trial used a web-based central randomization system and
response-adaptive randomization that was balanced based on
baseline stroke severity (NIHSS score ranges, 3-7, 8-14, and 15-
22), initiated or planned use of intravenous tissue plasmino-
gen activator therapy, and clinical site. Following a burn-in pe-
riod, patient outcome information was included in the
randomization algorithm so that the target allocation ratio
could be shifted from an equal allocation ratio to a skewed ra-
tio favoring the better-performing group. Details of the ran-
domization algorithm have been published.15

Key Points
Question Does intensive glucose control improve functional
outcome in patients with hyperglycemic acute ischemic stroke?

Findings This randomized clinical trial included 1151 adults who
received either intensive treatment of hyperglycemia (target
blood glucose concentration of 80-130 mg/dL) or standard
treatment of hyperglycemia (target glucose concentration of
80-179 mg/dL). The proportion of patients achieving a favorable
outcome based on the 90-day modified Rankin Scale score was
20.5% in the intensive treatment group and 21.6% in the standard
treatment group, which was not statistically significant.

Meaning Intensive compared with standard glucose control did
not improve 90-day functional outcomes in patients with acute
ischemic stroke and hyperglycemia.
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Patients in the intensive treatment group received a
continuous intravenous insulin infusion as needed to main-
tain a blood glucose concentration of 80 to 130 mg/dL
(4.44-7.22 mmol/L) using a computer decision support tool
(GlucoStabilizer, Medical Decision Network LLC) cleared for
use by the US Food and Drug Administration. Rapid-acting sub-
cutaneous insulin was given 20 minutes after starting to eat
based on the estimated amount of carbohydrates consumed.

Patients in the standard treatment group received insulin
on a sliding scale that was administered subcutaneously ev-
ery 6 hours as needed to maintain a blood glucose concentra-
tion of 80 to 179 mg/dL (4.44-9.93 mmol/L). If the blood glu-
cose concentration had not reached the target at 24 and 48
hours, the subcutaneous insulin dose was increased, includ-
ing long-acting basal insulin.14 The standard treatment group
also received a continuous intravenous saline drip to main-
tain patient blinding.

Glucose level was initially checked hourly in both groups
and then every 1 to 2 hours in the intensive treatment group
and every 3 hours in the standard treatment group. Each meal
contained 60 g of carbohydrates and participants could con-
sume up to 3 meals per day or equivalent by tube feeding for
both groups. A limited amount of low-carbohydrate snacks
were allowed during the treatment period.

A blood glucose level of less than 80 mg/dL (<4.44 mmol/L)
was treated with intravenous dextrose 50% in both groups and
the study intravenous treatment was stopped until the glu-

cose level was greater than or equal to 80 mg/dL (≥4.44 mmol/L).
The protocol-specified treatment period was 72 hours.

Treatment completion was defined as treatment for at least
68 hours from randomization, until death, or hospital dis-
charge. The enrolling investigators and treatment teams were
not blinded to treatment assignment. A blinded assessor con-
tacted each patient by telephone at 6 weeks (±14 days) and
evaluated each patient in person at 90 days (+30 days or −14
days) or by telephone if an in-person visit was not feasible.
Acute stroke care for both groups followed the latest guide-
lines from the AHA/ASA.16-18

Outcomes
The primary efficacy outcome was the proportion of patients
with a favorable outcome at 90 days after randomization.
A favorable outcome was defined as a modified Rankin Scale
score of 0 in patients with a baseline NIHSS score of 3 to 7,
a modified Rankin Scale score of 0 to 1 in patients with a base-
line NIHSS score of 8 to 14, and a modified Rankin Scale score
of 0 to 2 in patients with a baseline NIHSS score of 15 to 22.19

The modified Rankin Scale is an ordinal, 7-point global dis-
ability scale with scores ranging from 0 (no symptoms or com-
pletely recovered) to 6 (death).

Key secondary outcomes included 90-day NIHSS score,
90-day Barthel Index score (scores range from 0-100; higher
scores indicate greater ability to perform activities of daily liv-
ing), and 90-day Stroke Specific Quality of Life score (scores

Figure 1. Enrollment, Randomization, and Follow-up of Patients

30 128 Patients assessed for eligibility

28 977 Excluded
27 344 Did not meet eligibility criteria

342 Other reasons
135 Not specified

1156 Unable to provide informed
consent or refused to participate

1151 Randomizeda

581 Randomized to receive intensive treatment
577 Received intervention as randomized

4 Did not receive intervention as
randomized
2 Withdrew informed consent
2 Patient or legally authorized

representative requested to continue
study without receiving treatment

570 Randomized to receive standard treatment
565 Received intervention as randomized

5 Did not receive intervention as
randomized
1 Withdrew informed consent

2 Plan for hospital discharge
1 Stroke mimic

1 Patient or legally authorized
representative requested to continue
study without receiving treatment

581 Included in primary analysis

530 Included in per-protocol analysis
51 Excluded from per-protocol analysisc

31 Stroke mimics
23 Missing primary outcome

4 Eligibility violation
4 Treatment never started

570 Included in primary analysis

518 Included in per-protocol analysis
52 Excluded from per-protocol analysisc

34 Stroke mimics
18 Missing primary outcome

3 Eligibility violation
5 Treatment never started

8 Lost to follow-up
9 Withdrew consent
6 Out of collection windowb

9 Lost to follow-up
7 Withdrew consent
2 Out of collection windowb

a One patient was randomized twice,
21 months apart.

b The collection window was
predefined as 90 days (+30 days or
−14 days) after randomization.

c Some patients had multiple reasons
for exclusion.
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range from 1-5; higher scores indicate better quality of life).20

The NIHSS and Barthel Index scores were considered favor-
able outcomes if patients had a score of 0 or 1 on the NIHSS or
a score of 95 to 100 on the Barthel Index.

The primary safety outcome was severe hypoglycemia
defined as a glucose level less than 40 mg/dL (<2.22 mmol/L)
during the treatment period. Serious adverse events were cap-
tured from randomization through the end of the study.

Statistical Analysis
The trial was designed to test an overall absolute between-
group difference of 7% for a favorable outcome because this
is considered a clinically relevant treatment effect.21 It was
estimated that 25% of the standard treatment group would
have a favorable outcome based on the response rate for con-
trol patients in previous ischemic stroke trials.5,6,22,23 Sample
size estimation was based on a comparison of 2 independent
proportions with 4 planned interim analyses for futility or
efficacy of the primary outcome, a 3% inflation factor for loss
to follow-up, 80% power, and a 2-sided significance level of
.05. The maximum sample size required for randomization
was 1400.

The first interim analysis was planned to be conducted
once 500 patients reached the 90-day primary outcome. Sub-
sequent interim analyses were to occur after 700, 900, and 1100
patients reached the 90-day primary outcome. The interim
analysis plan used the error spending function method with
O’Brien and Fleming-type stopping guidelines. In addition to
planned interim analyses, the trial included a blinded sample
size reestimation plan to be conducted prior to the first in-
terim analysis. The plan was in place to avoid an underpow-
ered trial if the assumed control proportion was incorrect. Stop-
ping the trial due to harm would be considered if at any point
the 2-sided 95% CI for the unadjusted relative risk (RR) for
death excluded 1, or if the unadjusted absolute risk differ-
ence for the proportion of patients with severe hypoglycemia
exceeded 4%.

The primary analysis used a generalized linear model with
a log link. Treatment group was the primary factor of inter-
est. The covariates were baseline NIHSS score strata (3-7, 8-14,
15-22) and thrombolysis use (yes or no; includes intravenous
and intra-arterial therapies). Adjusted RRs with 2-sided 95%
CIs are reported for the primary efficacy outcome along with
the risk difference.

A sensitivity analysis of the primary outcome included a
per-protocol population defined as all randomized patients that
did not have an eligibility violation, started treatment, had 90-
day outcomes, and had a final diagnosis of ischemic stroke or
transient ischemic attack. An additional post hoc analysis of
the primary outcome included clinical site as a random ef-
fect. Point estimates and 2-sided 95% CIs are reported for an
exploratory, post hoc comparison of the primary outcome
within important subgroups.

The secondary efficacy outcomes were analyzed using the
χ2 test for binary outcomes and the Wilcoxon rank sum test
for the Stroke Specific Quality of Life score. Adjustments for
multiplicity were not planned for these specific secondary out-
comes. Because of the potential for type I error due to mul-

tiple comparisons, findings for the secondary end points should
be interpreted as exploratory. A post hoc ordinal analysis of
the 90-day modified Rankin Scale score using a Cochran-
Mantel-Haenszel test with adjustment for baseline stroke se-
verity was conducted, as well as a post hoc comparison of the
baseline characteristics and the primary outcome among sites
that enrolled more than 45 patients (highest enrolling sites) vs
all other enrolling sites.

All analyses were conducted based on the assigned treat-
ment group. The primary analysis included all randomized pa-
tients and used multiple imputation under the assumption of
missing at random to impute missing primary outcome data
as described in the statistical analysis plan (Supplement 2). The
secondary analyses included all randomized patients with out-
come data available (no imputation was used for the second-
ary outcomes). All analyses were conducted using SAS soft-
ware version 9.4 (SAS Institute Inc) and used 2-sided tests with
a significance threshold of .05.

Results
Patients
Between April 2012 and August 2018, 1151 patients (mean age,
66 years [SD, 13.1 years]; 529 [46%] women, 920 [80%] with
diabetes) provided consent and were randomized, which rep-
resents 82% of the planned maximum enrollment. During
August 2018, study enrollment was stopped after the fourth
prespecified interim analysis met the futility criteria. A total
of 1118 patients (97%) completed the trial. Participant follow-up
ended in November 2018.

There were 1156 patients who did not provide consent and
were excluded, which includes both those who refused to pro-
vide consent and patients (or legally authorized representa-
tives) who were unable to provide consent. Compared with pa-
tients who did not provide consent and were excluded, those
who provided consent and were randomized included more
Hispanic (11% vs 16%, respectively) and black patients (26% vs
30%) and were younger (aged 69 years vs 66 years).

The clinical sites screened a broad population with stroke
to identify patients who met the eligibility criteria. A total of
70 sites in the United States were included in the trial, and 63
sites enrolled at least 1 patient. The treatment groups were well
balanced for baseline demographics and clinical characteris-
tics, glucose level, stroke severity, and use of reperfusion thera-
pies (Table 1).

Eighty percent of the patients had a history of type 2 dia-
betes, 23% had lacunar strokes, and 50% had mild strokes
(NIHSS score of 3-7). Reperfusion therapies were used in 68%
of patients (63% received intravenous tissue plasminogen ac-
tivator therapy; 3%, intra-arterial drug therapy; and 13%, me-
chanical thrombectomy). The baseline median glucose level
was 188 mg/dL (10.4 mmol/L).

Treatment
A total of 943 patients (82% overall; 433 of 581 [74.5%] in the
intensive treatment group and 510 of 570 [89.5%] in the stan-
dard treatment group) completed treatment (eTable 1 in
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Supplement 3). Treatment was stopped early for hypoglyce-
mia or other adverse events in 65 of 581 patients (11.2%) in
the intensive treatment group and in 18 of 570 patients
(3.2%) in the standard treatment group. Figure 2 shows the
distribution of blood glucose concentrations during treat-
ment. The mean glucose concentration for the intensive
treatment group was 118 mg/dL (95% CI, 115-121 mg/dL;
6.6 mmol/L [95% CI, 6.4-6.7 mmol/L]) and for the standard
treatment group was 179 mg/dL (95% CI, 175-182 mg/dL;
9.9 mmol/L [95% CI, 9.7-10.1 mmol/L]).

Primary Efficacy Outcome
In the primary analysis population, 3.8% of patients had miss-
ing data for the primary outcome. A favorable outcome oc-
curred in 119 of 581 patients (20.5%) in the intensive treat-
ment group and in 123 of 570 patients (21.6%) in the standard
treatment group (adjusted RR, 0.97 [95% CI, 0.87 to 1.08],
P = .55; unadjusted risk difference, −0.83% [95% CI, −5.72%
to 4.06%]; Table 2). The additional per-protocol analysis
yielded similar results (eTable 2A in Supplement 3).

A post hoc secondary analysis of the primary outcome that
included clinical site as a random effect did not show a sig-
nificant difference in the treatment effect estimates (eTable 2B
in Supplement 3). A post hoc forest plot illustrates the com-
parison of treatment groups for the primary outcome within
important subgroups (eFigure 1 in Supplement 3).

Secondary Outcomes
There were no significant between-group differences in any
of the prespecified secondary efficacy outcomes (Table 2).
Figure 3 illustrates the distribution of 90-day modified Ran-
kin Scale scores by baseline stroke severity. A post hoc ordi-
nal analysis of the 90-day modified Rankin Scale score using
a Cochran-Mantel-Haenszel test with adjustment for base-
line stroke severity did not show a significant between-group
difference in the distribution of modified Rankin Scale scores
(P = .85). A post hoc comparison of the baseline characteris-
tics and the primary outcome between the 6 highest enroll-
ing clinical sites and the remaining 57 sites also did not show
significant differences (eTable 3 in Supplement 3).

Table 1. Baseline Patient Characteristics

Characteristic

Treatment of Hyperglycemia

Intensive (n = 581) Standard (n = 570)
Age, median (IQR), y 66 (57-75) 66 (57-76)

Sex, No. (%)

Male 321 (55.3) 306 (53.7)

Female 260 (44.8) 264 (46.3)

Race, No./total No. (%)

White 366/560 (65.4) 368/547 (67.3)

Black 180/560 (32.1) 154/547 (28.2)

Asian 12/560 (2.1) 18/547 (3.3)

Othera 2/560 (0.4) 7/547 (1.3)

Hispanic ethnicity, No./total No. (%) 87/547 (15.9) 91/540 (16.9)

Final diagnosis, No. (%)

Ischemic stroke 542 (93.3) 524 (91.9)

Transient ischemic attack 8 (1.4) 12 (2.1)

Otherb 31 (5.3) 34 (6.0)

Use of reperfusion therapies, No. (%)c

Intravenous tissue plasminogen activator 372 (64.0) 353 (61.9)

Mechanical thrombectomy 74 (12.7) 72 (12.6)

Intra-arterial drug therapy 14 (2.4) 21 (3.7)

Medical history, No. (%)

Hypertension 513 (88.3) 502 (88.1)

Type 2 diabetes 468 (80.6) 455 (79.8)

Hyperlipidemia 350 (60.2) 327 (57.4)

Coronary artery disease 159 (27.4) 167 (29.3)

Atrial fibrillation 124 (21.3) 106 (18.6)

Previous ischemic stroke 104 (17.9) 99 (17.4)

Previous large vessel atherosclerosis 42 (7.2) 39 (6.8)

Blood glucose level, median (IQR), mg/dL 188 (153-250) 187 (155-248)

NIHSS score, median (IQR)d 7 (5-12) 7 (5-13)

Stroke category, No. (%)

Mild (NIHSS score of 3-7) 291 (50.1) 291 (51.1)

Moderate (NIHSS score of 8-14) 177 (30.5) 158 (27.7)

Severe (NIHSS score of 15-22) 113 (19.4) 121 (21.2)

Abbreviations: IQR, interquartile
range; NIHSS, National Institutes
of Health Stroke Scale.

SI conversion factor: To convert
glucose to mmol/L, multiply by
0.0555.
a Includes American Indian or Alaska

Native, and Native Hawaiian
or other Pacific Islander.

b Includes migraine, seizure, brain
tumor or mass, psychogenic,
unmasking of old stroke, central
nervous system infection (abscess,
meningitis, or encephalitis), toxic
or metabolic condition
(encephalopathy), and other stroke
mimic.

c Some patients received more than
1 type.

d Range is from 0 to 42; higher scores
indicate greater neurological
deficits.
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Adverse Events
Severe hypoglycemia (glucose level <40 mg/dL [<2.22 mmol/L])
occurred in 15 patients (2.6%) in the intensive treatment group
and in 0 patients in the standard treatment group (risk differ-
ence, 2.58% [95% CI, 1.29% to 3.87%]). Death occurred in 54
patients (9.3%) in the intensive treatment group and in 65 pa-
tients (11.4%) in the standard treatment group (RR, 0.82 [95%
CI, 0.58 to 1.15]; risk difference, −2.11% [95% CI, −5.63% to
1.41%]). There were 334 patients with at least 1 reported hy-
poglycemic event (serious or not serious). Of these, 82 were
reported as symptomatic.

There were no neurological worsening events related to
hypoglycemia. Serious adverse events by treatment group ap-
pear in eFigure 2 in Supplement 3. The proportion of patients
with hypoglycemia reported as a serious adverse event was
higher in the intensive treatment group compared with the
standard treatment group (3.6% vs 0.35%, respectively; RR,
10.30 [95% CI, 2.43 to 43.73]; risk difference, 3.26% [95% CI,
1.67% to 4.86%]). In contrast, the proportion with neurologi-
cal decompensation was higher in the standard treatment
group compared with the intensive treatment group (1.2% vs
3.0%, respectively; RR, 0.4 [95% CI, 0.17 to 0.96]; risk differ-
ence, −1.78% [95% CI, −3.43% to −0.12%]).

Discussion

In this multicenter randomized clinical trial including
patients with acute hyperglycemic ischemic stroke and pre-
dominantly with type 2 diabetes, intensive insulin treat-
ment compared with standard treatment did not improve
functional outcomes. In addition, the intensive insulin
treatment did not improve any of the following prespecified
secondary 90-day outcomes: minimal residual neurological
deficits (NIHSS score), minimal residual limitations in
activities of daily living (Barthel Index), or Stroke Specific
Quality of Life score.

The absence of a significant clinical benefit in this study
was demonstrated even though there was a considerably lower
mean blood glucose concentration in the intensive treatment
group compared with the standard treatment group (differ-
ence of 61 mg/dL [3.4 mmol/L]). This differentiation in glu-
cose control was substantially larger than in previous glucose
control acute stroke trials.9,11,24-26

Despite use of a computerized decision support tool de-
signed to limit the severity of hypoglycemia, severe hypogly-
cemia occurred among patients in the intensive treatment

Figure 2. Blood Glucose Concentrations in 3-Hour Intervals During the Treatment Period by Treatment Group
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The box plots include observed data within a 3-hour interval. The box shows the
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box indicate the means. The upper whisker extends from the top of the box to
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The trajectory line connects the medians at each 3-hour interval. The box plots
have been offset to avoid superimposition. Each patient can contribute up to 3
glucose measurements during each 3-hour interval. The median number of
measurements per patient within a 3-hour interval was 3 (IQR, 2-3) in the
intensive treatment group and 1 (IQR, 1-1) in the standard treatment group.
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group. As previously demonstrated,11 the variability of glu-
cose concentration was reduced by using a computerized de-
cision support tool.

The enrolled patient population was broad. It was di-
verse in age (no upper age limit), broadly represented by sex
(46% female), race (29% black), and ethnicity (15% Hispanic),
and patients lived throughout the United States (63 clinical sites
enrolled ≥1 patient). This trial population reflects the current
standard for acute ischemic stroke care, with patients receiv-
ing intravenous tissue plasminogen activator therapy (63%),
mechanical thrombectomy (13%), or both treatments. Be-
cause 80% of the patients had a history of diabetes, the trial
results are generalizable to patients with acute ischemic stroke
and type 2 diabetes.

Multiple mechanisms by which hyperglycemia may aug-
ment acute ischemic brain injury have been suggested, includ-
ing increased inflammatory response and oxidative stress.27

The intention of the 12-hour eligibility window for this trial was
to start treatment prior to the occurrence of substantial in-
jury, which can occur hours to days after stroke onset.28 The
median time from stroke onset to randomization in this trial
was 7 hours, suggesting that treatment was initiated early
enough to affect deleterious cellular mechanisms if intensive
glucose lowering was beneficial.

Stroke severity may have affected the outcomes in this trial.
Eighty percent of the patients had mild or moderate strokes
(overall median NIHSS score of 7). The favorable natural his-
tory of this population may have mitigated a treatment ef-
fect. However, as shown in Figure 3, the favorable outcomes
stratified by stroke severity did not support a differential treat-
ment effect.

Severe hypoglycemia only occurred in the intensive treat-
ment group. Although serious neurological decompensation
was more frequent in the standard treatment group (17 pa-
tients in the standard treatment group vs 7 in the intensive
treatment group), none of the cases was determined to be re-
lated to treatment. Discontinuation of treatment was more
common in the intensive treatment group (24.8%) than in the
standard treatment group (9.6%), mainly due to per protocol
discontinuation for hypoglycemia or other adverse events
(eTable 1 in Supplement 3).

The clear differentiation in glucose control between the 2
treatment groups is notable because it represents the success
of the trial design and the intervention. The GIST-UK trial,9 the
only other randomized efficacy trial for treating hyperglyce-
mia during acute ischemic stroke, did not demonstrate such
a differentiation in glucose control, which limited the com-
parison of outcomes by glucose levels. In addition, only 15%
of the GIST-UK trial9 patients had known diabetes, suggest-
ing a different patient population.

Limitations
This study has several limitations. First, 42% of the patients
were enrolled by 6 of the clinical sites. The highest enrolling
sites could have introduced site-specific practices that re-
duced the generalizability of the results. However, all sites
followed the latest guidelines from the AHA/ASA for acute
stroke treatment to standardize nonstudy treatments, and no
differences in baseline characteristics or favorable outcome
were identified.

Second, treatment with intravenous tissue plasmino-
gen activator therapy in 63% of the patients may suggest

Figure 3. Distribution of 90-Day Modified Rankin Scale Score by Treatment Group and Baseline Stroke Severity
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NIHSS indicates National Institutes of
Health Stroke Scale. The modified
Rankin Scale is a global stroke
disability scale with scores ranging
from 0 (no symptoms or completely
recovered) to 6 (death). Each cell
corresponds to a score on the
modified Rankin Scale; the width of
the cell indicates the proportion
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and the percentage of patients is
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line between the 2 study groups
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a selection bias for patients requiring a higher level of care.
However, per the trial protocol, all patients were treated in
a high-level care environment suitable for intravenous insu-
lin therapy.

Third, this trial did not capture recanalization data. Previous
data suggest that hyperglycemia may impede recanalization.29

Fourth, the 2 treatment groups did not have identical sam-
pling of glucose concentrations. The intensive treatment group
had slightly more frequent glucose checks (every 1-2 hours)
than the standard treatment group (every 3 hours). Although
both groups had frequent glucose checks, the sampling dif-

ferences could have resulted in more reported cases of hypo-
glycemia in the intensive treatment group.

Conclusions
Among patients with acute ischemic stroke and hyperglyce-
mia, treatment with intensive vs standard glucose control for
up to 72 hours did not result in a significant difference in fa-
vorable functional outcome at 90 days. These findings do not
support using intensive glucose control in this setting.
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