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Abstract: The benefit of intravenous insulin for tight glycemic control (TGC) in critically ill 

patients is debatable. Initial single center trials on TGC in critically ill adults admitted to the 

surgical intensive care unit were promising and showed a decrease in mortality with TGC. How-

ever, subsequent multicenter trials were unable to replicate these findings, with one trial even 

showing increased mortality with TGC. In critically ill children, efficacy and safety of TGC is 

poorly understood. High rates of insulin-induced hypoglycemia with TGC are concerning. Cur-

rently, there are no recommendations on the use of TGC for critically ill children. This review 

summarizes the current literature on TGC in children, focusing on its benefits and risks.
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Introduction
Hyperglycemia is common in critically ill nondiabetic adults and children and is associ-

ated with increased morbidity and mortality.1–5 The use of intravenous insulin infusion 

to control blood glucose to near normal ranges, often referred to as tight glycemic 

control (TGC) or intensive insulin therapy, remains highly debated. Over a decade 

ago, a group from Leuven, Belgium demonstrated in a single center trial a one third 

decrease in mortality in critically ill adults admitted to the surgical intensive care unit 

(ICU) with hyperglycemia using TGC compared with similar patients whose blood 

glucose was not controlled.6 They also showed a similar decrease in mortality with 

TGC for critically ill adults admitted to the medical ICU for at least 3 days.7 However, 

a large multicenter trial, the Normoglycemia in Intensive Care Evaluation-Survival 

Using Glucose Algorithm Regulation (NICE-SUGAR), was unable to replicate the 

findings of the Leuven group. In fact, they demonstrated increased mortality with TGC 

(odds ratio [OR] 1.14; 95% confidence interval [CI] 1.02–1.28, P=0.02) in critically 

ill adults admitted to the medical ICU.8 Meta-analyses of randomized controlled trials 

(RCT) of adults showed no benefits in mortality, incidence of blood stream infections, 

or the requirement for renal replacement therapy with TGC in critically ill patients 

admitted to medical-surgical ICUs. Furthermore, the rates of hypoglycemia were 

higher with adults randomized to TGC than in those randomized to the control group. 

Among patients on TGC, parenteral nutrition was associated with decreased risk of 

death compared to those not receiving parenteral nutrition.9,10 It has been postulated 

that the high glucose loads from parenteral nutrition may explain the differences noted 

between the Leuven trials, which used higher rates of parenteral nutrition, and the 

NICE-SUGAR trial, which mainly used enteral nutrition.9
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Following the results from the Leuven trials, profes-

sional societies recommended treatment of hyperglycemia 

to maintain blood glucose close to normal levels (blood 

glucose ,110 mg/dL) in critically ill adults, similar to goals 

advocated for outpatient settings.11 These recommendations 

were revised following contradictory findings from the 

NICE-SUGAR trials and the increased rates of hypoglyce-

mia with TGC. To date, professional societies such as the 

American Diabetes Association and Society for Critical 

Care Medicine recommend controlling blood glucose in a 

more liberal range of 140–180 mg/dL and 100–150 mg/dL, 

respectively.12,13

The literature regarding the risks and benefits of TGC in 

critically ill children is sparse. Pediatric intensivists are cau-

tious with TGC given concerns for hypoglycemia, especially 

in the setting of the developing brain.14 In a recent survey 

of pediatric intensivist, only 6% of providers preferred a 

blood glucose target range of 80–110 mg/dL compared to 

43% of providers who were surveyed several years earlier 

(P,0.001).15 Currently, seven RCTs have evaluated the safety 

and efficacy of TGC in critically ill children, two of which are 

in premature infants (Table 1). This review will summarize 

the benefits and risks of TCG based on the RCTs on TGC in 

critically ill children.

Pathophysiology
Hyperglycemia during critical illness had always been 

thought of as the body’s normal response to illness and often 

referred to as stress hyperglycemia. It is quite common in 

critically ill patients, with prevalence that can be as high as 

75% depending on the blood glucose cutoff used to define 

hyperglycemia.2 Stress hyperglycemia is thought to ensure 

that vital tissues are provided with a constant supply of glu-

cose during critical illness. Studies have shown that it results 

from increased gluconeogenesis in the liver and peripheral 

insulin resistance primarily in skeletal muscles.4 In adults, 

primary insulin resistance seems to be the key mechanism 

for hyperglycemia, while in children, beta-cell dysfunction 

is thought to play a more important role.5

Literature now suggests that stress hyperglycemia may 

not be as advantageous as previously thought. Stress hyper-

glycemia is associated with increased mortality and longer 

ICU stays in critically ill nondiabetic children.2 Prolonged 

hyperglycemia may lead to osmotic diuresis with subsequent 

hypovolemia, electrolyte abnormalities, and hyperosmolar 

nonketotic coma. Stress hyperglycemia itself can worsen 

catabolism within skeletal muscle and lead to increased rates 

of infection after surgery. It is also associated with depressed 

immune function, with inhibition of interleukin-1 and dimin-

ished oxygen free radical production from neutrophils.16 The 

causality of these associations has been investigated in the 

different RCTs on TGC in children.

Efficacy of tight glycemic control  
in critically ill children
Of the RCTs on TGC in critically ill children, the majority 

evaluated children recovering from cardiac surgery and used 

markers of inflammation or infection as outcome measures. 

This limits the extrapolation of their findings to other criti-

cally ill children. Vlasselaers et al17 were the first to address 

TGC in children in their single center trial. The majority 

of children enrolled had undergone cardiac surgery. The 

investigators found that children in the TGC group had lower 

levels of C-reactive protein (CRP) than those in the control 

group, suggesting that inflammation was less with TGC. 

TGC was also associated with shorter duration of ICU stay, 

less hemodynamic support, and lower levels of markers of 

cardiovascular dysfunction such as serum lactate and cardiac 

enzyme levels. They did not find any difference in markers 

of kidney or liver function. The trial had an alarmingly high 

rate of severe hypoglycemia (defined as #40 mg/dL), which 

was nearly 25 times more common in the TGC group than in 

the control group. The hypoglycemic events, however, were 

not associated with seizures or death and were not associ-

ated with mortality after adjusting for ICU stay and baseline 

risk factors.17

Jeschke et al18 evaluated TGC in patients who suffered 

from severe burn injuries (.30% of their total body surface). 

The investigators found that the incidence of infection and 

sepsis in the TGC group were lower than those in the control 

group. Patients in the TGC group had lower levels of markers 

of inflammation, such as interleukin-6, CRP, complement C3, 

haptoglobin, and alpha 2-macroglobulin, than those in the 

control group. Normalization of hepatic and renal function 

was faster in the TGC than in the control group. Similar to 

the Vlasselaers trial, the incidence of severe hypoglycemia 

was higher in the TGC group.

Agus et al20 also focused on the effects TGC had on health 

care-associated infections in the Safe Pediatric Euglycemia 

after Cardiac Surgery (SPECS) study. This trial enrolled 

children recovering from surgical repair of their congenital 

heart defects. The investigators did not find any difference 

in the rates of infection (including pneumonia, bloodstream, 

urinary tract, or surgical site infections) between the TGC 

and control groups. This is in contrast to the prior trials, 

which suggested that TGC may mitigate the inflammatory 

www.dovepress.com
www.dovepress.com
www.dovepress.com


Pediatric Health, Medicine and Therapeutics 2014:5 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

95

Glucose control in critically ill children

T
ab

le
 1

 S
um

m
ar

y 
of

 t
ig

ht
 g

ly
ce

m
ic

 c
on

tr
ol

 t
ri

al
s 

in
 c

ri
tic

al
ly

 il
l c

hi
ld

re
n

St
ud

y/
ye

ar
St

ud
y 

 
de

si
gn

IC
U

 p
op

ul
at

io
n

N
C

on
tr

ol
  

ta
rg

et
T

G
C

 t
ar

ge
t

R
es

ul
ts

O
th

er
 c

om
m

en
ts

V
la

ss
el

ae
rs

  
et

 a
l17

/2
00

9
Si

ng
le

  
ce

nt
er

M
ix

ed
 (

75
%

 c
ar

di
ac

) 
C

hi
ld

re
n 

,
16

 y
ea

rs
70

0
,

21
5 

m
g/

dL
A

ge
 a

dj
us

te
d 

 
no

rm
og

ly
ce

m
ia

50
–8

0 
m

g/
dL

 (
,

1 
ye

ar
)

70
–1

00
 m

g/
dL

  
(1

–1
6 

ye
ar

s)

D
ec

re
as

e 
in

 m
ar

ke
r 

of
 in

fla
m

m
at

io
n 

(C
R

P)
  

fr
om

 b
as

el
in

e 
-9

.7
5 

m
g/

L 
(T

G
C

) 
ve

rs
us

 8
.9

7 
m

g/
L 

(C
); 

P=
0.

00
7

D
ec

re
as

ed
 IC

U
 s

ta
y 

37
.8

%
 (T

G
C

) v
er

su
s 

47
%

 (C
); 

 
P=

0.
01

3

Se
ve

re
 h

yp
og

ly
ce

m
ia

 (
,

30
.6

 m
g/

dL
) 

1.
4%

 (
T

G
C

) 
ve

rs
us

 2
4.

9%
 (

C
); 

 
P,

0.
00

01

Je
sc

hk
e 

et
 a

l18
/2

01
0

Si
ng

le
  

ce
nt

er
T

he
rm

al
 in

ju
ri

es
23

9
14

0–
18

0 
m

g/
dL

80
–1

10
 m

g/
dL

D
ec

re
as

e 
in

 in
fe

ct
io

ns
 a

nd
 s

ep
si

s 
in

 T
G

C
 g

ro
up

  
8.

2%
 (

T
G

C
) 

ve
rs

us
 2

2.
6%

 (
co

nt
ro

l);
 P

,
0.

05
Lo

w
er

 s
er

um
 m

ar
ke

rs
 o

f i
nfl

am
m

at
io

n 
 

(IL
-6

, C
R

P,
 c

om
pl

em
en

t 
C

3,
 h

ap
to

gl
ob

in
,  

an
d 

al
ph

a 
2-

m
ac

ro
gl

ob
ul

in
) 

Im
pr

ov
ed

 r
en

al
 a

nd
 h

ep
at

ic
 fu

nc
tio

n

Se
ve

re
 h

yp
og

ly
ce

m
ia

 (
,

40
 m

g/
dL

) 
26

%
 (

T
G

C
) 

ve
rs

us
 9

%
 (

C
); 

P,
0.

05

A
gu

s 
 

et
 a

l20
/2

01
2 

SP
EC

S

T
w

o 
 

ce
nt

er
s

C
ar

di
ac

 
A

ge
 0

–3
6 

m
on

th
s

98
0

A
tt

en
di

ng
  

di
sc

re
tio

n
80

–1
10

 m
g/

dL
N

o 
di

ffe
re

nc
e 

in
 r

at
e 

of
 h

ea
lth

  
ca

re
-a

ss
oc

ia
te

d 
in

fe
ct

io
ns

8.
6/

1,
00

0 
pa

tie
nt

 d
ay

s 
(T

G
C

) 
ve

rs
us

  
9.

9/
1,

00
0 

pa
tie

nt
 d

ay
s 

(C
); 

P=
0.

67

U
se

 o
f C

G
M

 lo
w

er
s 

se
ve

re
  

hy
po

gl
yc

em
ia

 (
,

40
 m

g/
dL

) 
3%

 (
T

G
C

) 
ve

rs
us

 1
%

 (
C

); 
P=

0.
03

M
ac

ra
e 

et
 a

l23
/2

01
4 

C
H

IP

13
 c

en
te

rs
  

in
 U

K
M

ix
ed

 (
60

%
 c

ar
di

ac
) 

C
hi

ld
re

n 
,

16
 y

ea
rs

1,
36

9
,

21
6 

m
g/

dL
72

–1
26

 m
g/

dL
N

o 
di

ffe
re

nc
e 

in
 m

ea
n 

fo
r 

nu
m

be
r 

of
 d

ay
s 

al
iv

e 
 

an
d 

fr
ee

 fr
om

 m
ec

ha
ni

ca
l v

en
til

at
io

n 
at

 3
0 

da
ys

  
0.

36
 d

ay
s 

(C
I -

0.
42

, 1
.1

4)
D

ec
re

as
ed

 c
os

t 
in

 T
G

C
 s

ub
gr

ou
p 

w
ho

  
di

d 
no

t 
ha

ve
 c

ar
di

ac
 s

ur
ge

ry
 -

$1
3,

12
0 

 
(C

I –
$2

4,
68

2,
 –

$1
,5

59
)

St
op

pe
d 

ea
rl

y 
du

e 
to

 fu
nd

in
g 

Se
ve

re
 h

yp
og

ly
ce

m
ia

 (
,

36
 m

g/
dL

) 
7.

3%
 (

T
G

C
) 

ve
rs

us
 1

.5
%

 (
C

); 
 

P,
0.

00
1

R
ig

by
  

et
 a

l24
/2

01
3

T
w

o 
 

ce
nt

er
s

M
ix

ed
 (

79
%

 c
ar

di
ac

)
15

3
,

22
0 

m
g/

dL
80

–1
40

 m
g/

dL
N

o 
di

ffe
re

nc
e 

in
 o

rg
an

 d
ys

fu
nc

tio
n 

sc
or

es
  

(P
EL

O
D

) 
ov

er
 6

 d
ay

s 
be

tw
ee

n 
gr

ou
ps

,  
bu

t 
ca

rd
ia

c 
su

bg
ro

up
 d

id
 h

av
e 

di
ffe

re
nc

e
D

ec
re

as
e 

in
 P

EL
O

D
 9

.3
 (

T
G

C
) 

ve
rs

us
 4

.5
 (

C
); 

 
P=

0.
03

84

St
op

pe
d 

du
e 

to
 p

oo
r 

en
ro

llm
en

t

Be
ar

ds
al

l  
et

 a
l27

/2
00

8
M

ul
tic

en
te

r
Pr

et
er

m
 in

fa
nt

s 
 

,
1,

50
0 

g
38

9
A

tt
en

di
ng

  
di

sc
re

tio
n 

 
(,

18
0 

m
g/

dL
)

72
–1

44
 m

g/
dL

28
-d

ay
 m

or
ta

lit
y

11
.9

 (
T

G
C

) 
ve

rs
us

 5
.7

 (
co

nt
ro

l);
 P

=0
.0

4
D

ec
re

as
e 

in
 h

yp
er

gl
yc

em
ia

21
%

 (
T

G
C

) 
ve

rs
us

 3
3%

 (
C

); 
P=

0.
00

8

St
op

pe
d 

ea
rl

y 
du

e 
to

 fu
til

ity
  

an
d 

co
nc

er
n 

fo
r 

ha
rm

T
re

nd
 t

ow
ar

d 
in

cr
ea

se
 

in
tr

av
en

tr
ic

ul
ar

 h
em

or
rh

ag
e

H
yp

og
ly

ce
m

ia
29

%
 (

T
G

C
) 

ve
rs

us
 1

7%
 (

C
); 

P=
0.

00
5

A
ls

w
ei

le
r 

 
et

 a
l28

/2
01

2
Si

ng
le

  
ce

nt
er

Pr
et

er
m

 in
fa

nt
s 

 
,

1,
50

0 
g 

or
 

,
30

 w
ee

ks
 g

es
ta

tio
n

88
14

4–
18

0 
m

g/
dL

72
–1

08
 m

g/
dL

D
ec

re
as

e 
in

 li
ne

ar
 g

ro
w

th
 in

 T
G

C
 g

ro
up

H
yp

og
ly

ce
m

ia
 2

× 
th

e 
ra

te
 

58
%

 (
T

G
C

) 
ve

rs
us

 2
7%

 (
C

); 
P,

0.
01

A
bb

re
vi

at
io

ns
: 

C
, C

on
tr

ol
; 

C
G

M
, c

on
tin

uo
us

 g
lu

co
se

 m
on

ito
r;

 C
H

IP
, C

on
tr

ol
 o

f 
H

yp
er

gl
yc

em
ia

 in
 P

ed
ia

tr
ic

 I
nt

en
si

ve
 C

ar
e;

 C
I, 

co
nfi

de
nc

e 
in

te
rv

al
; 

C
R

P,
 C

-r
ea

ct
iv

e 
pr

ot
ei

n;
 I

C
U

, i
nt

en
si

ve
 c

ar
e 

un
it;

 N
, n

um
be

r 
of

 p
at

ie
nt

s;
 I

L-
6,

 
in

te
rl

eu
ki

n-
6;

 P
EL

O
D

, p
ed

ia
tr

ic
 lo

gi
st

ic
 o

rg
an

 d
ys

fu
nc

tio
n;

 S
PE

C
S,

 S
af

e 
Pe

di
at

ri
c 

Eu
gl

yc
em

ia
 a

fte
r 

C
ar

di
ac

 S
ur

ge
ry

; T
G

C
, t

ig
ht

 g
ly

ce
m

ic
 c

on
tr

ol
.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Pediatric Health, Medicine and Therapeutics 2014:5submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

96

Kandil and Faustino

responses. In a post hoc analysis, however, the investigators 

showed that the effect of TGC may be related to the subjects’ 

age. TGC was associated with higher rates of infections in 

children #60 days old but with low rates of infections in 

older children.19 The investigators also did not find any dif-

ferences in mortality, length of stay, or measures of organ 

dysfunction between the two groups. It is important to 

note that while this trial did not show any benefit for TGC  

in critically ill children, the investigators demonstrated that 

hypoglycemia with TGC can be reduced with the use of a 

continuous glucose monitor (CGM). With CGM, the risk 

of severe hypoglycemia with TGC was only 3% compared 

with 1% in the control group.20 These risks are comparable 

with the risk of spontaneous hypoglycemia in critically ill 

children.21,22 The SPECS study was the first trial to demon-

strate that CGM can minimize the risk of hypoglycemia with 

TGC in critically ill children.

The largest trial on TGC in critically ill children to date 

is the Control of Hyperglycemia in Pediatric Intensive Care 

trial.23 In this multicenter trial, the investigators determined 

whether TGC reduced the number of days alive and free 

from mechanical ventilation within 30 days of trial entry. The 

investigators found no difference in this outcome between 

the TGC and control groups overall and in prespecified sub-

groups based on recent cardiac surgery, age group, and early 

versus late enrollment. As in prior studies, severe hypoglyce-

mia was more common in the TGC than in the control group.23 

An important contribution of this trial is cost analysis. The 

investigators compared the hospital costs between children 

in the TGC and control groups at 30 days and 12 months 

after randomization. The mean costs were similar between 

the two groups at 30 days although the costs seemed lower 

in the TGC group at 12 months.

Recently, Rigby et al24 conducted a small two-center RCT 

involving TGC in critically ill children. The trial was stopped 

early due to poor enrollment as they enrolled less than 20% 

of their estimated sample size. The investigators did not 

find any difference in change in organ dysfunction scores 

between TGC and control groups. Risks of hypoglycemia 

were not reported.

Because of the conflicting findings from the RCTs on 

TGC in critically ill children, Srinivasan and Agus25 per-

formed a meta-analysis that included four of the five RCTs 

we have discussed in this review. The RCT by Rigby et al 

trial was not included because of limited available data. The 

meta-analysis, which included 3,288 subjects, found that 

TGC did not decrease 30-day mortality (OR 0.79; 95% CI 

0.55–1.15, P=0.22) although the rates of acquired infection 

were lower with TGC (OR 0.76; CI 0.59–0.99, P=0.04). 

The risk of hypoglycemia was higher in subjects in the 

TGC than in the control group (OR 6.14; CI 2.74–13.78, 

P,0.001).25

Hyperglycemia is also common in preterm neonates and 

is associated with adverse outcomes.26 Two multicenter RCTs 

on TGC in preterm neonates have been conducted. The trial 

by Beardsall et al27 showed increased mortality with TGC 

while the trial by Alsweiler et al28 showed decreased linear 

growth but increased head circumference and weight gain 

with TGC. Both trials had higher risks of hypoglycemia in 

neonates in the TGC than in the control group. The risk of 

hypoglycemia in the TGC group was significantly higher 

than in older children treated with TGC.27,28

Improving the safety of tight 
glycemic control in critically  
ill children
Insulin-induced hypoglycemia is thought to be the big-

gest risk associated with TCG. Many question if the risks 

of insulin-induced hypoglycemia carry the same risks as 

spontaneous hypoglycemia, which itself is common in 

critically ill patients.22 All except one RCT in critically ill 

children showed a high risk of hypoglycemia with TGC; a 

risk that is at least double those whose blood glucose was 

not controlled.17,18,23,29 In a survey by Preissig and Rigby30 of 

pediatric ICU centers across the United States, 60% of centers 

felt hypoglycemia was more harmful than hyperglycemia, 

and 70% listed fear of insulin-induced hypoglycemia as a 

barrier to starting TGC.

Although hypoglycemia can lead to seizures, coma, and 

eventually death, if unrecognized or untreated, we previ-

ously showed that hypoglycemia is likely a marker and not 

a cause of increased mortality in critically ill children.21,22 

Vlasselaers et al17 showed that hypoglycemia was not asso-

ciated with mortality when they adjusted for ICU stay, or 

other clinically relevant baseline risk factors such as age and 

weight. These findings are in contrast to those from adults. 

Post hoc analysis of the data from the NICE-SUGAR trial 

showed that those with moderate or severe hypoglycemia 

had increased risk of death.31 Neurocognitive outcomes of 

children with hypoglycemia 4 years after enrollment in the 

trial were not different from age-matched children from the 

trial’s control group. Neurologic outcomes are also being 

evaluated for those enrolled in the SPECS trial. Results are 

eagerly awaited.

While the sequelae of hypoglycemia in critically ill 

children remain unclear, it is prudent to mitigate the risks of 
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hypoglycemia. The use of CGM needs to be further explored. 

The SPECS trial was the first to report a reduction in the risk 

of hypoglycemia with the use of CGM in combination with 

a computerized algorithm.20 While the use of CGM may 

increase nursing workload due to high rate of false negative 

alarms, CGMs likely will improve overall safety of TGC.

HALF-PINT trial
Currently there is an additional ongoing multicenter RCT 

on TGC in critically ill children. This RCT, Heart and Lung 

Failure-Pediatric Insulin Titration (HALF-PINT), is enrolling 

critically ill children who did not undergo cardiac surgery. 

The RCT is using CGM in combination with a computerized 

algorithm to minimize hypoglycemia. The goal is to enroll 

1,880 patients to evaluate the effects of TGC on 28-day 

survival adjusted for ICU length of stay (ClinicalTrials.

gov; NCT01565941). The trial will also evaluate the effect 

of TGC on the long-term neurocognitive outcomes of criti-

cally ill children.

Conclusion
The efficacy of TGC in critically ill children remains 

uncertain. TGC does not seem to affect mortality although it 

may reduce the rates of acquired infections. Because most of 

the RCTs in critically ill children enrolled those recovering 

from cardiac surgery, it is unclear whether these results can 

be extrapolated to other groups of critically ill children. TGC 

is associated with increased risk of hypoglycemia. However, 

the use of CGM may reduce this risk. HALF-PINT is cur-

rently enrolling critically ill children who did not undergo 

cardiac surgery. The trial is using CGM to minimize the risk 

of hypoglycemia. We are expecting that this trial will clarify 

the efficacy and safety of TGC in this group of critically ill 

children.
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