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Abstract

Background: Hyperglycaemia is a frequent complication in acute stroke that has been shown to be independently
associated with larger infarct size, haematoma growth, poor clinical outcome and mortality. This Guideline Document
presents the European Stroke Organisation (ESO) Guidelines for the management of blood glucose levels in patients with
acute ischemic or haemorrhagic stroke.

Methods: The working group identified related questions and developed its recommendations based on evidence from
randomised controlled trials following the standard operating procedure of the ESO. This Guideline Document was
reviewed and approved by the European Stroke Organisation Guidelines Committee and the European Stroke
Organisation Executive Committee.

Results: We found low-quality evidence from clinical trials in ischemic or haemorrhagic stroke exploring the use of
intravenous insulin aimed to achieve a tight glycaemic control with different glucose level targets and several other
sources of heterogeneity. None of these trials neither the meta-analysis of them have demonstrated any significant
benefit of tight glycaemic control with intravenous insulin in acute ischemic or haemorrhagic stroke patients on functional
outcome or in survival and they have shown an increased risk for hypoglycaemia.

Conclusions: We suggest against the routine use of tight glycaemic control with intravenous insulin as a means to
improve outcomes. The currently available data about the management of glycaemia in patients with acute stroke are
limited and the strengths of the recommendations are therefore weak. Nevertheless, this does not prevent that hyper-
glycaemia in acute stroke patients could be treated as any other hospitalised patient.
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Hyperglycaemia is a frequent complication in the acute
phase of stroke, affecting up to 50% of patients, both in
patients with diabetes mellitus (DM) but also in those
without a prior diagnosis of DM." There is a strong
evidence for the association of high glucose levels on dele-

terious effects during the acute phase of stroke, as it is an
independent predictor of larger infarct size, poor clinical
outcome and higher risk of mortality.* In acute ischemic
stroke (IS) patients, it could counterbalance the benefit of
recanalisation therapies such as intravenous (IV) thromb-
olysis> > or mechanical thrombectomy.'*!* Although
less data are currently available, it has been unequivocally
shown that hyperglycaemia is independently associated
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with poor outcome also in patients with acute haemor-
rhagic stroke or cerebral venous thrombosis.'> '

Noteworthy, poor outcome linked to hypergly-
caemia is not exclusive to stroke patients as it has
been reported in hospitalised, mostly critically ill,
patients, with or without DM." Thus, international
guidelines for inpatient glycaemic control have been
developed.” An early randomised controlled trial in
critically ill patients admitted to intensive care units
suggested that intensive treatment of hyperglycaemia
with target glucose levels between 4.4 and 6.0 mmol/L
(80 and 100 mg/dL) was safe and improved hospital
outcomes by reducing in-hospital complications.?”
These results led to the development of clinical trials
in several diseases®' trying to evaluate the possible
benefit of tight glycaemic control with IV insulin on
outcome and stroke was not an exception.

The aim of this guideline is to update the ESO guide-
lines*> and develop evidence-based recommendations
for the management of glucose levels in acute stroke
patients and, in particular, whether a tight glycaemic
control with IV insulin should be preferred in acute
stroke patients over a standard glycaemic control.

Methods

The ESO Guidelines Committee invited the lead author
(ED-T) to develop and chair a working group (WG) of
experts in glucose management in acute stroke. The
WG consisted of ED-T, BF, GN, GT, JP with the col-
laboration of BT from the Cochrane Stroke Group for
the systematic literature search. The composition of the
WG was approved by the ESO Guidelines Committee
and the Executive Committee.

This guideline has been developed following the ESO
standard operating procedure for the development of clin-
ical guidelines,” which recommends to follow the Grading
of Recommendations Assessment, Development and
Evaluation (GRADE) methodology.**

The PICO questions (the PICO acronym stands for
Population, Intervention, Comparator, Outcome) were
established by consensus of all the WG members. The
selected outcomes were rated by importance using a
nine-degree scale (7-9 critical, 4-6 important and 1-3
of limited importance).

The WG formulated 10 PICO questions, five related
to IS and five to haemorrhagic stroke. Survival and
functional outcomes were rated as of critical import-
ance (average nine points) whilst hypoglycaemia (symp-
tomatic or not), infarct or hematoma growth and the
development of hypokalaemia were rated as important,
but not critical for decision-making (Appendix 1). For
each PICO question, subgroup analysis according to
prior diagnosis of DM or to the presence of hypergly-
caemia on baseline was pre-specified.

The search strategy was formulated according to the
PICO questions. Each of them is presented in the
results section. In July 2015, BT searched the literature
for randomised trials, controlled trials, meta-analyses
and systematic reviews of clinical trials using the fol-
lowing databases: Cochrane Stroke Group Trials
Register, Cochrane library databases, MEDLINE,
EMBASE and CINAHL. For the purpose of this
guideline, both ischemic and haemorrhagic strokes
were included in the literature search although the
final selection of included studies was done separately
for ischemic and haemorrhagic strokes according to
the formulation of the PICO questions. The details
of literature search process are available in online
supplementary Appendix 2.

Duplicates were identified and removed and manual
search of all references was performed to identify
eligible studies. For each PICO question, two authors
independently screened the titles and abstracts of the
publications and assessed the full text of potentially
eligible studies.

Eligible studies were assessed by two members of
the WG for each PICO question to extract and ana-
lyse the data. In the case that specific data were not
reported in an eligible study, its corresponding author
was contacted. In case of no response, the co-authors
of the study were also contacted. If no answer was
received after several attempts, data were considered
as missing and the study was not included in the
analysis.

For the analysis of the extracted data, we used
the Review Manager 5 software (Version 5.3.5;
Copenhagen: The Nordic Cochrane Centre, The
Cochrane Collaboration, 2014). Data analysis was per-
formed on a random-effects basis, and results were
summarised as risk ratios (RRs) and 95% confidence
intervals (CIs). Heterogeneity across studies was eval-
uated with the I test. Publication bias was assessed
with the help of funnel plots. The results of data ana-
lysis were imported into the GRADEpro Guideline
Development Tool (McMaster University, 2015; devel-
oped by Evidence Prime, Inc.).

Quality of evidence was then graded for each PICO
question. The direction, the strength and the formulation
of the recommendation were determined according to the
ESO SOP. Whenever the WG considered that further
clarification on a PICO question would be appropriate,
an ‘Additional Information” box was added.

Results

Literature search retrieved a total of 5897 results. After
duplicate removal, 4355 manuscripts were screened
based on title/abstract review and 15 manuscripts
were selected for further reading. Five manuscripts
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Records identified through searching databases
N=5897

Duplicates removed

N=1542

Records screened based on title/abstract review

N=4355
Selected manuscripts

N=15
Excluded after further
reading to extract data

N=5*
Final selection
N=10

Figure I. Flow diagram of the systematic review search. *One manuscript excluded as this was only published as conference
proceedings.”> One manuscript excluded due to nonconfirmation of stroke prior randomisation?® and another one due to active

treatment with IV insulin in the control group.”” Two manuscripts

28,29

excluded due to the impossibility to obtain separate data for

ischemic and haemorrhagic stroke and data collection not currently available after contacting the authors.

were excluded at this step.> > The flowchart with rea-
sons for exclusion is provided in Figure 1. Thus, a total
of 10 articles were finally selected.

The main characteristics of included studies are pre-
sented in Table 1. Notably, in all of them, the interven-
tion consisted of the administration of IV insulin

aimed at tight glycaemic control. However, there were
differences among them in the target glycaemic target
ranging the lower limits between 3.8 mmol/L (70 mg/
dL)* and 7mmol/L (127mg/dL),*" and the higher
between 6 mmol/L (110mg/dL)****>* and 8 mmol/L
(145mg/dL).*
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Continued

Table I.

Type of glucose

Target glucose

management in Target glucose

in intervention

group

Type of

Multicenter/
Unicenter

in control group

control group

Setting intervention

Blinding

Type of allocation

Patients profile

Author, year

Oral glucose lowering Unspecified

4.4-6.1 mmol/L (80—

110 mg/dL)

Two intervention

groups:

Not reported

No

I:1 randomisation

IS

Multicenter

Vriesendorp
et al>*

drugs +short-acting SC<16.6 mmol/L

insulin when glu-

Any baseline glucose Stratification for dys-

level

(<301 mg/dL)

(1) SC predominantly
basal insulin +IV

insulin

phagia and DM status

cose > 6.6 mmol/L
(>301 mg/dL)

(2) predominantly

meal insulin +IV

insulin

<15 mmol/L
loid (0.9%saline or 5% (<272 mg/dL)

glucose) /continuation
of pre-existing oral

IV infusion of crystal-
hypoglycaemiants

5-8 mmol/L (90-
145 mg/dL)

IV insulin plus an
infusion of cryst-
alloid (either 5%

NJ

I:1 randomisation

Unicenter

Walters et al.®®

8-20 mmol/L

(145-363 mg/dL)

glucose or 0.9% saline
as dictated by blood

glucose

concentration)

EMS: means Emergency Medical System; ICU: intensive care unit; IS: ischemic stroke; SU: stroke unit; T2DM: type-2 diabetes mellitus.

Importantly, there was substantial heterogeneity
regarding the control arm of each study. Indeed, con-
trols received subcutaneous (SC) insulin with a sliding
approach in five studies,*>3*3 3% could receive oral
lowering glucose agents in two studies®** and did
not receive any glucose-lowering treatment in two stu-
dies.*'*? An additional source of heterogeneity was the
various definitions of hyperglycaemia or baseline glu-
cose level required for inclusion, namely 6 mmol/L
(110 mg/dL),*® 6.9 mmol/L (126 mg/dL),**** 7 mmol/L
(127 mg/dL),*' 8 mmol/L (145mg/dL)*’ or 8.2 mmol/L
(150 mg/dL).*® In four studies, patients with any base-
line glucose level could be enrolleded.?* 337

Ischemic stroke

PICO I: In acute IS patients with hyperglycaemia, does treat-
ment with IV insulin for tight glucose control compared to no
treatment/SC insulin improve functional outcome? A total of
eight clinical trials on glucose management in acute IS,
comprising 560 IS patients reported functional out-
comes’®>¥33 There was heterogeneity among studies
regarding the type of intervention, the threshold blood
glucose for inclusion, the target glucose level in the
intervention group, the type of glucose management
in the control group, the time to start of treatment,
the duration of treatment and the time for outcome
analysis, which ranged between 30 days and 4 months
(Table 1). Modified Rankin Scale (mRS) score at the
end of follow-up was reported in seven of the included
studies,?*¥23333% whilst Vinychuck et al.*' reported
Barthel Index (BI). Figure 2(a) shows the forest plot
for comparison between the clinical trials regarding
good functional outcome, defined as mRS <3 or
BI <50. The meta-analysis showed no statistically sig-
nificant difference in rates of good functional outcome
between patients treated with insulin per clinical trial
protocol and controls (RR 1.09; 95%CI 0.87-1.37)
with no sign of statistical heterogeneity. The quality
of evidence was downgraded to low due to the hetero-
geneity between studies and the serious risk of bias as
all studies had a performance bias (non-blinded treat-
ment) and some of them also had an outcome bias
(non-blinded outcome evaluation).

Subgroup analysis. Only one trial reported functional
outcome analysis stratified on prior diagnosis of DM.*!
A total of 76 patients with DM were included in the
analysis that retrieved no significant difference between
the intervention and control group (RR 1.25; 95%CI
0.54-2.89).

A total of 52 patients without prior diagnosis of DM
were included in the analysis, without any difference in
the risk of poor functional outcome at the end of follow-
up period between groups (RR 1.35; 95%CI1 0.41-4.47).
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(a) IVInsulin  No treatment/SC insulin Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Bruno 2008 16 31 7 15 125% 1.11[0.58, 2.10} —+—
Green 2010 1 2 0 1 o7 2.0010.14, 28.42) —
Johnston 2009 17 49 8 24 109% 1.04 (053, 2 06) —
Kreisel 2009 5 20 s 20 44% 1.00 [0.24, 2.92) —
McCormick 2010 4 25 2 15 2.1% 1.20[0.25, 5.78) S
Rosso 2012 41 90 41 90 50.0% 1.00[0.73, 1.38)
Staszewski 2011 12 26 7 d 24 21X 158[07s, 335)
Vimehuk 2005 13 61 12 67 10.3% 1.19[0.59, 2.41)
Total (95% CI) 304 256 100.0% 1.09 [0.87, 1.37]
Total events . 109 . 82 .
Heterogeneity Tau® =« 000, Chi* =« 156, df =« 7 (P = 0.98); I' =« 0% > + 4 4
Test for overall effect: Z = 0.74 (P = 0.46) - lmsoh: mdnlhmi‘gmol vrounmw
(b) IVInsulin  No treatment/SC insulin Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Rand 5% C1 M-H, d 9sx Q1
Bruno 2008 29 31 15 15 19.2% 0.95 [0.83, 1.09] 4
Green 2010 1 2 ] 1 00% 2.00 [0.14, 28 42]
Johnston 2009 43 S0 21 24 9k 0.98(0.81, 119] -+
Kreisel 2009 16 20 17 19 48% 089068 117] -t
McCormick 2010 23 25 15 15 14.6% 0.92 [0.80, 1.09) &
Rosso 2012 81 90 76 90 27.2% 107 [0.95, 1.19) .
Staszewski 2011 25 26 22 24 168x 105091 121) P
Walters 2006 12 13 12 12 7% 0.9210.75. 115 -+
Total (95% CD 257 200 100.0% 0.99 [0.94, 1.05)
Total events . 230 " 178 "
Heterogeneity Tau® = 0.00, Chi* = 454, df = 7 (P = 0.72), IF = 0% k + + |
Test for oversll effect. Z = 0,22 (P = 0.82) el ,'3“1" W insulin  Favours cu‘l,od group L
(c) IVinsulin  No treatment/SC insulin Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H. Rand 95% CI
Bruno 2008 11 i 51 0 15 100% 1150([0.72, 182.99]) ¥
Green 2010 2 2 1 1 207% 100([0.39, 2.58) =S &
Johnston 2009 - 49 1 25 13.7% 4.08 (054, 30.84) —
Kreisel 2009 7 20 1 20 13 8% 7.00 [0.95, 51.80) tr———
McCormick 2010 19 2% 1 15 14.4%  11.40(1.69, 76.70) e
Rosso 2012 8 90 0 90  9.7% 17.00(1.00, 290.19) >
Staszewski 2011 2 26 0 24 9.1% 4.63 (023, 9181)
Walters 2006 1 13 0 12 B.6X 2.7910.12, 62 48)
Total (95% CI 256 202 100.0% 4.75 [1.52, 14.85) —egii—
Total events 58 9
Heterogeneity Tau! = 1,40, Chi’ = 16.26, of = 7 (P = 0.02), ! = 7% bo1 + % 160
Test for overall effect Z = 2.68 (P = 0.007) ' Favours IV insulin  Favours control group
() WV insuli No /5C insuli Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H. Random, 95% CI
Bruno 2008 s 31 0 15 16.3% 5.50[0.32, 93.40)
Green 2010 0 2 0 1 Not estimable
Johnston 2009 1 49 o 25 13.1% 1.56 [0.07, 36.97]
Kreisel 2009 3 20 0 20 156X 7.00(0.38, 127.32] *
McCormick 2010 1 25 0 15 13.3% 1.85 [0.08, 42.63]
Rosso 2012 0 90 0 20 Not estimable
Staszewski 2011 2 26 0 24 147% 463 (023, 9181)
Vriesendorp 2009 1 23 0 10 135% 1.38(0.06, 31.14)
Walters 2006 1 13 0 12 135% 2.79(0.12, 62.48)
Total (95% Ch 279 212 100.0% 3.09 [0.98, 9.71) o
Total events 14 0
Heterogeneity Tau! « 000, Chi* = 111, df « 6 (P = 0.98), I « 0K b + - 4
Test for overall effect. 2 = 193 (P = 0.05) L JEL . T ) -

Figure 2. Forest plot analysis for ischemic stroke. (a) Good functional outcome at the end of follow-up, (b) survival at the end of
follow-up, (c) hypoglycaemic events (<3—4 mmol/L) and (d) symptomatic hypoglycaemic events.

Five trials selected patients with high glucose
levels on baseline®'*333-3% and four of them?'-3¢3%:3
reported outcome analysis with no significant differ-
ences between groups (RR 1.25;95%CI 0.85-1.84)
(Figure 3(a)).

Additional information. Data from prospective
observational studies**** and from a systematic
review of cohort studies*® have clearly shown
an increased risk of poor functional outcome in

patients with IS who develop post-stroke
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(a) IV insulin No treatment /SC insulin Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Bruno 2008 15 31 7 15 368% 111058, 2 10} ——
McCormick 2010 L] 25 4 15 6.1% 1201025, 5.78] —t
Staszewsk 2011 12 26 7 24 268% 15810.75, 3.35) e p——
Vinmychuk 2005 13 61 12 67 304 119059, 2.41) e
Total (95% C1) 143 121 100.0% 125 [0.85, 1.84)
Total events 45 28
Heterogeney. Tau' = 000, Chi' « 054, df =« 3 (P = 0911, I" = OX k + [} |
Testfor overad effect 2 = 1. 13 (P = 0 26) el Fan?n:m w mm‘hmx (on:r(::l group 100
(b) Winsulin No treatment/SC insulin Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H Rand 95% C1 M-H, Random, 95% CI
Bruno 2008 29 31 15 15 29.4% 0.95 |0.83, 1.09] -
McCormick 2010 23 25 15 15 225% 0.93 |0.80, 109] -+
Staszewski 2011 25 26 22 24 258X 105091, 121) -
Wahers 2006 12 12 12 12 223% 1001086, 1171 L 2
Total (95% CI) 94 66 100.0% 0.98 [0.91, 1.06)
Total events 89 64
Heterogeneity Tau® = 0.00, Chi' = 151 of = 3 (P = 0.68), V¥ = 0% - + + {
Test for overall effect. 7 = 048 (P = 063) 0.01 hm‘ N n-\uhnlhvws (on}::lol oroup 100
(C) IV insulin No treatment/SC insulin Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Bruno 2008 11 31 0 15 21.0% 1150[0.72, 182.99] o
McCormick 2010 19 25 1 15 443% 1140169, 76.70) —_——
Saszewskl 2011 2 26 0 24 18.0% 463 [0.23, 91.81)
Walters 2006 1 13 0 12 16.6x 2.79[0.12, 62.48])
Total (95% C) a5 66 100.0% 7.68 [2.16, 27.31) e
Total events , 33 , 1
Heterogeneity Tau? = 000, Chi® = 080, of = 3 (P = 0.8S) I = OX k + + J
4 001 0.1 10 100
Test for overall effect: Z = 3.15 (P = 0.002) Fawours IV insulin Favours control group
(d) IV insulin No treatment/SC insulin Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Bruno 2008 5 31 (4] 15 282X 5.50([032, 93.40] -
McCormick 2010 1 25 0 15 23.0% 1.85 [0.08, 42.63]
Saszewskl 2011 2 26 0 24 25.4% 463 [0.23, 91.81]
Walters 2006 1 13 0 12 23.4% 2.79[0.12, 62.48]
Total (95% CI) 95 66 100.0% 3.49 [0.78, 15.73] i
Total events 9 0
Heterogeneity Tau? = 000, Chi' = 0.32, of = 3 (P = 0.96); IT =« 0% [ + + {
Test for overall effect 2 = 1.63 (P = 0.10) %01 “2‘:, N insulln  Favours (ontr?)l group 100

Figure 3. Forest plot analysis for ischemic stroke patients with hyperglycaemia at baseline. (a) Good functional outcome at the end
of follow-up, (b) survival at the end of follow-up, (c) hypoglycaemic events (<3—4 mmol/L) and (d) symptomatic hypoglycaemic events.

hyperglycaemia, independently of other prognostic
factors, especially in those patients with persisting
hyperglycaemia.**

PICO 2: In acute IS patients with hyperglycaemia, does treat-
ment with IV insulin for tight glucose control compared to
no treatment/SC insulin improve survival? Eight stu-
dies®* 33353 reported data on the number of deaths
at the end of follow-up, which ranged between 30
days*~%3% and 4 months.*® There was heterogeneity
among studies regarding the type of intervention, the
target glucose in the intervention group and the type of
glucose management in the control group (Table 1).
The meta-analysis showed no significant difference
in survival rates between patients treated with IV
insulin  for intensive glycaemic reduction and

controls managed by the standard protocol or without
specific  glucose-lowering  treatment (RR  0.99;
95%CI 0.94-1.05), with no sign of statistical heterogen-
eity (Figure 2(b)). The quality of evidence was down-
graded to low due to serious risk of bias as all of the
studies had a performance bias (non-blinded
treatment).

Subgroup analysis. None of the trials reported separ-
ate data on mortality for patients with or without prior
diagnosis of DM.

Five trials selected patients with high glucose levels
on baseling®'*>3%%3 and four of them?>3¢3%3
reported data on survival at the end of follow-up with
no significant differences between groups (RR 0.98;
95%CI 0.91-1.06) (Figure 3(b)).
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Additional information. Data from prospective obser-
vational studies*'*** and a systematic review of
cohort studies*® have clearly shown an increased risk
of death in patients with IS who develop post-stroke
hyperglycaemia, independently of other prognostic fac-
tors. However, to date no clinical trial has demon-
strated any effect of insulin on the risk of death. This
may be due to the small sample size of previous trials,
making them clearly unpowered. In fact, the UK-
Glucose Insulin in Stroke Trial (GIST-UK) trialists®®
estimated that a sample size of 2355 patients would be
needed to detect a significant difference in mortality,
while our review only included a total of 457 patients.
One limitation of our review is the exclusion of the
largest clinical trial (GIST)*®* that included 933
patients but was deemed to be excluded by the WG
due to the impossibility to obtain separate data for
ischemic and haemorrhagic stroke, even though the
authors were contacted. That study was prematurely
stopped and no difference in mortality was found
between the intervention and control groups.
Nevertheless, there are several studies suggesting that
normalisation of glucose levels in patients with acute
stroke could confer a survival benefit.*>*74

PICO 3: In acute IS patients with hyperglycaemia, does
treatment with IV insulin for tight glucose control compared
to no treatment/SC insulin increase the risk of any
hypoglycaemia? A total of nine studies reported data
on hypoglycaemia events.’**** Definitions of hypo-
glycaemia varied between <3mmol/L (54 mg/dL)
and <4 mmol/L (72 mg/dL) whilst two studies®"* did
not specify glucose levels threshold for hypoglycaecmia
definition. One study was excluded from the first meta-
analysis on any hypoglycaemia event as it reported
number of events related to the number of glucose
evaluations rather than to the number of patients.*
Patients in the intervention groups were at higher risk
of any hypoglycaemic event (RR 4.75 95%CI 1.52—
14.85). There was substantial statistical heterogeneity
(I =57%) (Figure 2(c)).

Patients in the intervention groups also had a higher
risk of symptomatic hypoglycaemic events (RR 3.09;
95%CI 0.98-9.71, Figure 2(d)).

Subgroup analysis. Two studies reported separate
data on hypoglycaemic events in patients with or
without prior diagnosis of DM.**-® However, one
study had to be excluded for the meta-analysis of
hypoglycaemic and symptomatic hypoglycaemic
events, because number of events but not number
of patients with hypoglycaemia were reported.*
Data from Bruno et al.*® provided an RR for hypo-
glycaemic events in patients with prior diagnosis of

DM of 8.63 (0.55-132) and of 5.5 (0.32-93.4) for
symptomatic hypoglycaemia events. No data to esti-
mate the RR of hypoglycaemic events (either symp-
tomatic or not) in patients without diagnosis of DM
were available.

Five trials selected patients with high glucose levels
on baseline®' >33 and four of them?>%3%
reported data on hypoglycaemic events showing a
higher risk of any hypoglycaemic event (RR
7.68;95%CI 2.16-27.31) (Figure 3(c)) and a non-signifi-
cant trend to higher risk of symptomatic hypoglycaemic
events (RR 3.49; 95%CI 0.78-15.7) (Figure 3(d)).

PICO 4: In acute IS patients with hyperglycaemia, does treatment
with IV insulin for tight glucose control compared to no treat-
ment/SC insulin reduce infarct growth? Only two clinical
trials measured infarct growth®’*? with controversial
findings. McCormick et al.** in a clinical trial involving
40 patients failed to demonstrate any significant differ-
ence in absolute or relative lesion growth between base-
line and either day 3 or day 7. However, Rosso et al.®’
in a study involving 160 patients who underwent a con-
trol MRI showed significantly larger infarct growth in
the intervention group (median 27.9cm® IQR 3.4-64.2
vs. 10.8cm® IQR 2.6-41; 60% of difference; p=0.04).
In a multivariable analysis conducted to investigate
those factors associated with infarct growth, intensive
insulin therapy, baseline NIHSS and admission DWI
were included in the final model, but not hypoglycaemic
events. No meta-analysis could be performed due to the
lack of the needed data to do it.

Additional information. It has been reported from
prospective cohort studies that persistent hypergly-
caemia is associated with infarct growth.*"

PICO 5: In acute IS patients with hyperglycaemia, does treatment
with IV insulin for tight glucose control compared to no treatment/
SC insulin increases the risk of hypokalaemia? None of
the clinical trials that studied the effect of insulin treat-
ment in acute ischaemic stroke evaluated the risk of
hypokalaemia. However, two studies reported data on
serum potassium values during the treatment with no
significant differences in serum potassium value or in
change in serum potassium levels during the protocol
treatment between the intervention and control

gI‘Ol,lpS.BS’36

Additional information. Few studies have reported
the frequency of hypokalaemia in IS patients treated
with IV insulin. An observational study analysing
safety and feasibility of a IV insulin infusion protocol
reported  hypokalaemia  (defined as  serum
potassium <3.5mMol) in up to 18.5% of acute IS
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patients who received IV insulin with a target of pre-
prandrial glycaemia of 4-6 mmol/L (72-109 mg/dL).>

Recommendation

e In patients with acute IS, we suggest against the
routine use of IV insulin to achieve a tight gly-
caemic control as a means to improve functional
outcome, survival or infarct growth.

Quality of evidence: Low
Strength of recommendation: Weak

Additional comments for clinical practice. To date
none of the clinical trials have demonstrated any sig-
nificant benefit of IV insulin titrated to achieve a tight
glycaemic control in acute stroke patients on functional
outcome or in survival but they have shown an
increased risk for hypoglycaemia (Table 2, Figure 2(c)
and (d)). The heterogeneity of the clinical trials with
regard to the patient population (only five selecting
patients with moderate to high glucose levels at screen-
ing®13%36383% and four with any value of glucose
levels*?3*37) as well as with the glucose levels target
and the approach in the control groups with some
using sliding-scale SC insulin®+**3 3 and others with-
out an specific glucose-lowering therapy®'° down-
grades the quality of evidence to ‘low’ and the
strength of recommendation as ‘weak’.

Nevertheless, taking into account the clear risk
of functional dependence and mortality associated
with hyperglycaemia in patients with IS, the lack of
evidence of any benefit of tight glucose reduction with
1V insulin due to the poor quality of the clinical trials
developed to date, does not prevent that IS patients
with hyperglycaemia could be treated as any other
in-hospitalised patient with hyperglycaemia aiming at
standard glycaemic control.'” Expert-based recommen-
dations suggest as the preferable approach for hyper-
glycaemia management in critically ill patients like
acute stroke the use of IV insulin therapy titrated to
achieve a target glucose level between 7.8 and
10.0 mmol/L, avoiding more intensive targets that can
result in a higher risk of hypoglycaemia.'”>' There is
also a general recommendation against the use of SC
sliding-scale insulin or the so-called correction insulin
based on the use of rapid-acting insulin in critically ill
patients as the sole regimen as it is not evidence based
and ineffective in the majority of the patients.>* In fact,
a systematic review that focused on the evaluation of
efficacy of this approach yielded a total of 52 clinical
trials, none of which described a benefit of the SC slid-
ing-scale strategy.”® After the acute phase of stroke

when the patient is considered to be clinically stable,
basal insulin or a basal plus bolus correction insulin
regimen is the preferred treatment for patients with
poor oral intake whilst basal, nutritional and correction
components is the preferred strategy for non critically
ill patients with good nutritional intake.'” On the other
side, noninsulin agents are also considered as inappro-
priate in most hospitalised patients.'’

Haemorrhagic stroke

PICO é: In acute haemorrhagic stroke patients with hypergly-
caemia, does treatment with IV insulin for tight glucose control
compared to no treatment/SC insulin improve functional
outcome? Only one study provided data to perform
the analysis on functional outcome in patients with
acute haemorrhagic stroke.*> This study randomised
critically ill neurological patients to intensive IV insulin
therapy aimed to maintain glucose levels between 4.4—
6.0 mmol/L (80-110 mg/dL), or to conventional treat-
ment to keep levels <8.3 mmol/L (151 mg/dL). A total
of 25 included patients had haemorrhagic stroke (18
with intracranial haemorrhage and 7 with subarach-
noid haemorrhage). Functional outcome was measured
using the mRS at 90 days, either by non-blinded tele-
phone assessment or by face-to-face evaluation in those
patients who were still hospitalised at the time of
follow-up. No significant difference in the risk of
good outcome was found (RR 0.72; 95%CI 0.14-3.61).

Subgroup analysis. A total of 10 patients had prior
diagnosis of DM in the study by Green et al.*
However, no data on functional outcome at three
months are available in the control group. The analysis
of functional outcome in the subgroup of 17 patients
without a prior diagnosis of DM showed an RR of
0.56(95% CI 0.06-5.09) for good outcome.

Additional information. Several prospective observa-
tional studies™ and post hoc analysis of clinical trials
on blood pressure management, like the ATACH,> the
INTERACT'® and the SAMURAI-ICH® trials, have
reported an association between hyperglycaecmia and a
poor functional outcome in patients with haemorrhagic
stroke and one of them has shown a lower risk of poor
outcome in patients with declining glucose serum con-
centrations over time.”

PICO 7: In acute haemorrhagic stroke patients with hyperglycae-
mia, does treatment with IV insulin for tight glucose control com-
pared to no treatment/SC insulin improve survival? Green
et al.*? provided data on survival in acute haemor-
rhagic stroke patients; however, no differences were
found with regard to the allocated group of blood glu-
cose management (RR 0.81; 95%IC 0.40-1.65).
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Subgroup analysis. Only eight patients had a prior
diagnosis of DM and no differences were found in the
comparison of survival between the interventional
treatment and the control group (RR 0.50; 95%CI
0.07-3.55). Similarly, no differences were found in the
subgroup of 17 patients without a prior diagnosis of
DM (RR 0.94; 95%CI 0.46-1.90).

Additional information. Data from prospective obser-
vational studies and meta-analysis have clearly shown the
relationship between hyperglycaemia and an increased
risk of death in patients with primary intracerebral haem-
orrhage'™>*">% as well as in subarachnoid haemor-
rhage.®® However, very few clinical trials have analysed
the effect of insulin on the survival of patients with haem-
orrhagic stroke. Some of these studies had to be excluded
from our systematic review: one including patients with
aneurysmal subarachnoid haemorrhage due to active
treatment with IV insulin both in the intervention and
in the control group®” and the GIST trial due to the
impossibility to obtain separate data for ischemic and
haemorrhagic stroke and data collection not currently
available after contacting the authors.”®*° None of
these studies were powered enough to detect any impact
of insulin on survival, similarly to the study by Green
et al.*? included in this review, with only 25 patients.

PICO 8: In acute haemorrhagic stroke patients with hypergly-
caemia, does treatment with IV insulin for tight glucose control
compared to no treatment/SC insulin increase risk of any
hypoglycaemia? Hypoglycaemic events were found in
only 4 of 25 acute haemorrhagic stroke patients
included in the study by Green et al.** none of which
were symptomatic (RR 3.25; 95%CI 0.39-27.15).

Subgroup analysis. Three patients with prior diagno-
sis of DM and one without DM diagnosis developed
hypoglycaemic events (none symptomatic), represent-
ing an RR for hypoglycaemic events of 2.0 (95%CI
0.28-14.20) for patients with prior diagnosis of DM
and of 3.33 (95%CI 0.15-71.90) for patients without
a history of DM.

PICO 9: In acute haemorrhagic stroke patients with hypergly-
caemia, does treatment with IV insulin for tight glucose control
compared to no treatment/SC insulin reduce hematoma
growth? Hematoma growth was not evaluated by the
only clinical trial included in the systematic review
that evaluated the effect of insulin treatment in haem-
orrhagic stroke.*?

Additional information. Post hoc analyses of clinical
trials on blood pressure management have reported
data on the effect of glucose levels on infarct
growth,'®>>¢! with discrepant results. The ATACH

investigators showed that a decline in serum glucose
concentration correlated with a reduction in the
proportion of subjects with hematoma expansion,
suggesting that this could be a modifiable factor to
decrease hematoma growth.>® In contrast, the recently
published analysis from the INTERACT?2 study did
not find any difference in hematoma growth in patients
with or without hyperglycaemia.'®

PICO 10: In acute haemorrhagic stroke patients with hypergly-
caemia, does treatment with |V insulin for tight glucose control
compared to no treatment/SC insulin increase the risk of
hypokalaemia? The only study in which the effect of
insulin treatment was evaluated in patients suffering
from haemorrhagic strokes did not report data on
hypokalaemia development.*>

Recommendation

e In patients with acute haemorrhagic stroke, we
suggest against the routine use of IV insulin to
achieve a tight glycaemic control as a means to
improve functional outcome or survival.

Quality of evidence: Very low
Strength of recommendation: Weak

Additional comments for clinical practice. The main
limitation in the analysis of the effect of blood glucose
control in acute haemorrhagic stroke is the very low
number of patients that could be included in the
meta-analysis and that they were too selected (only crit-
ically ill mechanically ventilated neurological patients
expected to have an intensive care unit length of stay
of at least three days were included in the study by
Green et al.).*> However, we would like to stress that
the lack of evidence of any benefit of tight control IV
insulin on functional outcome or survival and the high
risk of hypoglycaemic events that this specific treatment
carries (Table 3) does not prevent that haemorrhagic
stroke patients with hyperglycaemia could be treated
as any other in-hospitalised patient with hypergly-
caemia.'”” A summary of expert-based recommenda-
tions regarding the type of insulin and the target
glucose levels in critically ill patients can be found in
the ‘additional comments for clinical practice’ para-
graph at the end of the section of IS.

Discussion

Data from clinical trials are hampered by their insuffi-
cient statistical power to detect an effect of insulin
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treatment on outcomes, as well as heterogeneity in trial
design, some studies including only patients with hyper-
glycaemia (with additional heterogeneity in its definition)
whilst other also including patients with normal glucose
levels. However, as a conclusion of the systematic review
and meta-analysis that we performed, no evidence of any
benefit of IV insulin titrated to tight glycaemic control
was found on outcomes of patients with ischemic or
haemorrhagic strokes, and a significantly higher risk
of hypoglycaemic events was observed. This fact led
the WG to recommend against the use of IV insulin
treatment aiming at tight glycaemic control.

One of the critical open questions in glucose man-
agement in acute stroke patients is the optimal target
glucose to counterbalance its deleterious effect. Some of
the clinical trials have chosen the intensive glucose
reduction approach,”>%3*3* but this strategy has
been shown to be deleterious, being associated to
higher mortality in other populations like in the critic-
ally ill patients.>""%% In fact, a recently published net-
work meta-analysis evaluating the optimal target for
acute glycaemic control in critically ill patients has
shown that target glucose levels of <5.5mmol/L
(100mg/dL) and 6-7.9 mmol/L (110-144 mg/dL) were
associated with a higher risk of hypoglycaemia com-
pared to target levels of 7.9-9.9mmol/L (144-180 mg/
dL).®® Thus, future clinical trials should be aimed to
achieve a ‘physiologic’ normalisation with well-con-
trolled IV insulin infusion rather than intensive reduc-
tion of glucose levels and avoiding roller-coaster effects
produced by intermittent SC insulin administration
that are not currently recommended to manage hyper-
glycaemia in any inpatient.'® Future studies should also
select only patients with glucose levels higher than the
threshold associated with poorer outcomes, that has
been suggested to be around 8.6 mmol/L (155 mg/dL).*!

An important concern with the use of IV insulin is
the risk of hypoglycaemic events. The development of
moderate or severe hypoglycaemia and multiple hypo-
glycaemic events in critically ill patients have been
found to be associated with increased mortality.®*%
In acute stroke patients, glucose levels lower than
3.7mmol/L (67 mg/dL) within the first 24 h were asso-
ciated with higher risk or poor functional outcome*
and it has been suggested that the possible benefit of
intensive insulin therapy may be negated by the devel-
opment of hypoglycaemic episodes.®® It is known that
after a brain injury, there is an increase in metabolic
demand and, as glucose is the primary energy substrate
for the brain, it is especially vulnerable to glucose def-
icits. Thus, a tight blood glucose reduction to levels that
are considered within the normal ranges in otherwise
healthy people could induce brain glycopenia in acute
stroke patients and could even trigger a metabolic crisis
in the ischemic brain.®’” Thus, for clinical practice, a

moderate reduction of glucose levels with close moni-
toring to avoid hypoglycaemic events might be reason-
able as it is currently recommended for hospitalised
patients."”

Another important challenge is the frequent lack of
care of hyperglycaemia in acute stroke patients that has
been reported in several studies****% which could be
favoured by the lack of strong recommendations on
glucose management due to the limitations of the clin-
ical trials as discussed before. However, it would be a
serious error to conclude that the lack of evidence of
benefit from tight control IV insulin in acute stroke
would mean that acute stroke patients should not be
treated with IV insulin aiming at non-intensive stand-
ard glycaemic targets similarly to other hospitalised
patients who develop hyperglycaemia, and taking into
consideration the glucose levels thresholds for poor
outcomes provided by observational studies.**** With
this approach, the risk of hypoglycaemia could be mini-
mised. In this sense, it is worrisome that the detailed
analysis of the standard management group in clinical
trials provided in Table 1 clearly reflects the lack of
clear protocols for glucose management as well as the
frequent lack of care of hyperglycaemia in acute stroke
patients in clinical practice. Further efforts to improve
conventional glucose management in acute stroke
patients are needed.

One objective of the guidelines for management
would be to provide practical recommendations to
guide physicians in each patient and although we
would like to do that type of recommendations, the
lack of evidence of any significant effect on stroke out-
come with insulin treatment as a result of the systematic
review and meta-analysis performed, as well as the used
methodology to formulate the recommendations (based
in the GRADE system) impede us to provide any prac-
tical evidence-based recommendation. However, know-
ledge on the brain metabolism of glucose,” the
pharmacological properties of insulin as well as data
from observational studies*® and the expert-based con-
sensus on in-hospital management of hyperglycaemia in
general,'” could provide us some practical tips regard-
ing the type of insulin, the threshold level to start cor-
rective treatment and the optimal target of glucose
levels.

One of the open questions is the optimal target for
glucose values, or saying it in another words, when to
start corrective treatment. Several observational studies
have tried to answer this question and the optimal value
could be between 7 and 10 mmol/L (140-180 mg/dL)
for the majority of the patients,*’**’* and a bit
lower, around 6 mmol/L (109 mg/dL) for non-diabetic
patients.”! The ongoing Stroke Hyperglycemia Insulin
Network Effort (SHINE) trial defines hyperglycemia as
glucose levels >6.1 mmol/L (110 mg/dL) in patients
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with known diabetes and >8.3 mmol/L (150 mg/dL) in
those without known DM.”?

As mentioned before, expert-based recommenda-
tions suggest as the preferable approach for hypergly-
caemia management in critically ill patients the use of
IV insulin therapy titrated to achieve a target glucose
level between 7.8 and 10.0 mmol/L (141-180mg/dL),
avoiding more intensive targets that can result in a
higher risk of hypoglycaemia.'”>! There is also a gen-
eral recommendation against the use of SC sliding-scale
insulin or the so-called correction insulin based on the
use of rapid-acting insulin in critically ill patients as the
sole regimen as it is not evidence based and ineffective
in the majority of the patients.’>>* On the other side,
noninsulin agents are also considered as inappropriate
in most hospitalised patients.'”

Our systematic review and meta-analysis had several
limitations and being the most important is the unavail-
ability of data from the GIST trial which is larger
clinical trial on blood glucose management in acute
stroke.”®? This was due to the unfortunate death of
the GIST trial statistician who was in care of the study
data base and no other investigator to whom we could
contact had access to it. Nevertheless, as mentioned
before, it is highly likely that the inclusion of the
GIST data (if we could have them) would not alter
our results and conclusions as the main results of that
trial are coincident with those of our systematic review
as well as of those from prior meta-analysis®®’® on
blood glucose management in acute stroke which
included the GIST data despite that up to 16% of the
patients had an hemorrhagic stroke.

In conclusion, according to the available evidence, in
patients with acute ischemic or haemorrhagic stroke,
routine IV insulin titrated to achieve a tight glycaemic
control do not have a significant influence on death or
in functional outcome but increases the risk of any
hypoglycaemia event as well as symptomatic hypogly-
caemia. The currently available data about the manage-
ment of glycaemia in patients with acute stroke are
limited and the strengths of the recommendations are
therefore weak. Nevertheless, this does not prevent
that hyperglycaemia in acute stroke patients could be
treated as any other hospitalised patient.
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