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Abstract Objective: Hyperglyca-
emia is associated with increased
mortality in critically ill patients. A
number of studies have highlighted an
association between increased vari-
ability of blood glucose (BG)
concentration and mortality, support-
ing a survival disadvantage if BG
homeostasis is lost. By exploring the
longitudinal BG profile of individual
children over time, this study inves-
tigates the importance of intact
homeostasis early after admission to
the paediatric intensive care unit
(PICU). Design, setting, and
patients: Retrospective single-cen-
tre observational study in a large
multi-specialty PICU in the UK.
Children admitted between August
2003 and February 2006 were inclu-
ded unless they met exclusion
criteria. Data were merged from the
PICU clinical database and blood gas
analyser database by means of a
unique PICU identifier. BG was
measured frequently on a blood gas
analyser (Bayer Rapidlink). Primary
outcome was 100-day mortality. BG
parameters were investigated for

possible associations with mortality.
Measurements and main results: A
total of 1,763 patients were included
(median age 1.1 years; IQR 0.1–5.8).
Although admission BG was not
associated with mortality, a survival
advantage was found in children who
showed a reduction in BG on day 1
relative to the admission BG value
(p \ 0.001). This remained statisti-
cally significant (p = 0.007) after
adjusting for severity of illness.
Conclusions: This study supports an
association between early BG profile
and mortality in children admitted to
PICU, with increased survival in
those who demonstrate a fall in BG
on day 1 relative to PICU admission.
These findings are consistent with a
survival advantage of intact BG
homeostasis.
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Introduction

Hyperglycaemia occurs frequently among critically ill
adults, with prevalence rates reported from 3 to 71 % [1].
It is often perceived as a stress response that reflects the
severity of acute illness. In such an acutely stressed state,
hyperglycaemia might be expected to be advantageous

[2], providing glucose-dependent organs such as the brain
and blood cells adequate supply for their energy needs.

However prolonged hyperglycaemia in critically ill
adults has been shown to be associated with increased risk
of morbidity and mortality, even in the absence of
pre-existing diabetes mellitus [1, 3]. The association of
hyperglycaemia with organ/tissue dysfunction and poor
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outcome has also been well documented in the laboratory
setting [4]. In critically ill adults, trials of tight glycaemic
control using insulin have produced conflicting results
[5, 6].

The prevalence and prognostic significance of hyper-
glycaemia in critically ill children is less well
documented, though studies have shown that hyper-
glycaemia is also common in critically ill children with
rates between 30 and 75 % [7, 8, 11, 12] and that
hyperglycaemia is generally associated with increased
mortality [7–14]. However a number of these studies have
been limited by failing to control for illness severity and a
low and inconsistent frequency of BG sampling. Only one
single-centre randomised controlled trial of tight glycae-
mic control in children has been published and suggested
a reduction in inflammatory response and potential sur-
vival benefit [15], whilst a trial in pre-term infants was
stopped early and did not find any survival benefit for
early insulin therapy [16].

A number of studies in critically ill adults and children
have reported not only an association of adverse clinical
outcome with severity of hyperglycaemia, but also a
strong association between variability of glucose control
and outcome [12, 14, 17], with patients who show wide
variation in BG assessed using a range of metrics [17],
having worse outcomes.

In this study we aimed to investigate, in a large cohort
of children admitted to a multi-specialty PICU with a
broad diagnostic case mix, the relationship between early
BG profile following PICU admission and mortality, and
specifically whether there is a survival benefit in those
children with preserved homeostasis early after PICU
admission.

Methods

We conducted a retrospective cohort study by using data
collected in the normal course of patient care. The study
examined patients cared for in our 20-bedded multidis-
ciplinary PICU within an academic teaching hospital in
the National Health Service (NHS) of the UK. The study
was reviewed by the hospital Research and Development
Department, which supported the study and deemed that
patient consent was not required given the use of anon-
ymised data.

Subjects

All patients admitted from August 2003 to February 2006
were eligible to be included in the study. Patients were
excluded if they were known to have diabetes mellitus, if
their diagnostic information was missing, if they did not
have BG data on admission, and if they had multiple

admissions during the study period; only their first
admission was included.

Unit policy for use of insulin

The unit guideline at this time was to withhold insulin
unless BG concentration exceeded 15 mmol/l. Informa-
tion about whether an individual patient received insulin
was not available but it is likely that very few patients
would have received insulin therapy given the conserva-
tive guideline for control of BG.

Sources of data

Data were merged from the PICU clinical database and
PICU blood gas analyser database by means of a unique
PICU identifier. BG was measured by a glucose electrode
on the analyser (Bayer Rapidlink) every time a blood gas
sample was analysed. Unit policy was to recommend
arterial blood gas sampling over capillary or venous
samples. The blood gas analyser underwent strict quality
control with regular independent external validation with
laboratory blood glucose values. The date, time and value
for each BG measurement were recorded in a computer-
ised log.

Measurements and analysis

Glucose variables included for each patient were PICU
admission BG concentration, mean BG concentration on
day 1, difference between day 1 BG (mean value) and
admission BG (‘delta-BG’), and similar variables for days
2, 3, and 4. Admission BG was defined as the mean of any
BG samples collected in the first 3 h after PICU admis-
sion to allow for patients in whom there was a delay in
blood sampling. Mean day 1 BG was calculated from all
BG values between 3 and 24 h after PICU admission. BG
for the groups of patients (survivors, non-survivors) is
presented as box plots with the 25th, 50th (median), and
75th centiles.

The primary outcome was 100-day mortality. This was
determined by searching the relevant hospital databases
and also the national ‘NHS spine’ data via the tracing
service to provide outcome status at 100 days.

Paediatric Index of Mortality 2 (PIM2) [18] was used
as a measure illness severity and to predict probability of
death. PIM2 does not include BG in its algorithm, in
distinction from the Pediatric Risk of Mortality III score
(PRISM III) [19].

The principal analysis included patients from all diag-
nostic categories, including those admitted to PICU
following surgery (‘surgical’) as well as ‘medical’ patients
(Table 1). This was done to investigate the relationship
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between change in BG and outcome in a large heteroge-
neous group of patients typical of the case mix of a multi-
specialty PICU such that the findings could be generalisable
to other multi-specialty units. In addition we were keen to
avoid excessive division of the cohort into multiple smaller
groups with potentially low numbers of deaths. However to
reflect the common approach in the literature to consider
surgical and medical sub-groups we did explore the rela-
tionship with survival separately for surgical and medical
patients, with the caveat that both sub-groups are made up of
a heterogeneous diagnostic mix (Table 1).

Proportional hazards Cox regression analysis was used
to investigate the associations between time to mortality
or 100-day survival with PIM2 score and delta-BG. The
Kaplan-Meier log rank test was used to compare survival

of two patient groups—those who showed a reduction in
mean BG over the first 24 h and those who did not.
A p value \0.05 was considered statistically significant.

Results

A total of 2552 patients were admitted to PICU during the
study period. Applying exclusion criteria 507 patients
were excluded because they were not first admissions, 14
patients as they had diabetes mellitus, 41 patients because
their diagnoses were not coded, and 319 patients because
they did not have a BG measurement on admission. With
more than one exclusion criteria applying to some
admissions, a total of 789 patients were excluded and
1,763 patients included (70 % of the entire cohort); 1,672
of 1,763 patients had BG values beyond admission.
Table 1 gives the broad case mix of the patients. The
median age of the patients was 1.1 years with IQR (0.1,
5.8); 100-day mortality was 12 % (213 children).

Frequent monitoring of BG was undertaken during the
study period, reflecting the fact that BG was automatically
measured each time a blood gas was analysed. The
median (IQR) number of samples taken was 4 (3:6) per
patient on day 1, 5 (3:8) on day 2, 6 (3:8) on day 3, and 6
(3:8) on day 4.

Admission BG was not significantly associated with
mortality; in fact, median (IQR) blood glucose (in mmol/
l) for survivors was higher at 7.2 (5.6, 9.6) versus 6.6 (4.8,
10.5) for non-survivors (p = 0.07). Figure 1 shows the
BG profile over the first 4 days for the survivor and non-
survivor groups. From day 3, the profiles are similar but
the early profile is different with survivors showing an
early decline in BG towards normal, whereas there is an
increase in BG over the first 24 h in the non-survivor
group, and normalisation of BG is delayed.

Table 1 Breakdown of patient diagnostic groups and outcome at
100 days for ‘medical’ and ‘surgical’ patients

Diagnosis n Survive, n (%) Die, n (%)

Medical patients
Cardiac arrest 20 8 (40) 12 (60)
Cardiovascular 167 133 (79.6) 24 (20.4)
Gastrointestinal 101 73 (72.3) 28 (27.7)
Infection 73 59 (80.8) 14 (19.2)
Neurological 111 93 (83.8) 18 (16.2)
Renal 16 15 (93.8) 1 (6.2)
Respiratory 248 210 (84.7) 38 (15.3)
Trauma/orthopaedic 143 125 (87.4) 18 (12.6)
All 879 716 (81.5) 163 (18.5)

Surgical patients
Cardiovascular 666 637 (95.7) 29 (4.3)
Gastrointestinal 114 99 (86.8) 15 (13.2)
Infection 2 1 (50) 1 (50)
Neurological 22 21 (95.5) 1 (4.5)
Renal 2 2 (100) 0 (0)
Respiratory 46 43 (93.5) 3 (6.5)
Trauma/orthopaedic 32 31 (96.9) 1 (3.1)
All 884 834 (94.3) 50 (5.7)

Fig. 1 Comparison of BG
concentration over time
between those who survived
(white boxes) and those who
died (grey boxes). Box plots
demonstrate the 25th, median
(50th), and 75th centiles,
respectively. Upper and lower
whiskers extend to the furthest
data point within 1.5
interquartile ranges so that for
normal distribution data this
would typically exclude 1 % of
extreme points as outliers. The
glucose axis is presented on a
log to base 10 scale. S survived,
D died. Numbers of cases with
glucose measurement on each
day are shown for each group
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Figure 2 displays the change in BG (delta-BG) from
the admission value to the BG value on day 1 between
survivors and the non-survivors and shows comparable
data for days 2, 3, and 4. For an individual patient delta-
BG was calculated as the mean BG value on day 1 (or day
2, 3, 4) minus admission BG value; the data are presented
as box plots to reflect the 25th, 50th, and 75th centiles of
delta-BG for the populations of survivors and non-
survivors.

The above analyses do not take account of illness
severity and predicted probability of death. To take this
into account we included the predicted probability of
death at PICU admission, using PIM2, along with the key
early glucose parameters into a proportional hazards
regression analysis. Importantly PIM2 does not include
BG in its prediction algorithm. Change in BG on day 1
relative to PICU admission remained associated with

mortality (p = 0.007) after adjusting for severity of ill-
ness (PIM2). The hazard ratio for day 1 delta glucose
(95 % confidence interval) was 1.07 (1.03, 1.10) with
corresponding PIM2 odds ratio 28.6 (18.0, 45.5).

Figure 3 shows survival curves for a group of patients
whose average day 1 BG showed a decrease relative to
admission value and a second group of patients whose
average day 1 BG did not decrease compared with
admission value (93 vs. 85 % 100-day survival: log rank
test p \ 0.001).

Figure 4 shows separate survival curves for the ‘sur-
gical’ and ‘medical’ patient groups and shows a more
pronounced effect in the medical group of patients.
However, the 100-day mortality rate was much lower in
the surgical than the medical group (5.7 vs. 18.5 %) so the
lack of statistical significance in the glucose comparison
is not surprising.

Fig. 2 Comparison of change in BG concentration between
survivors and non-survivors. Box and whisker plots demonstrating
change in BG on day 1 relative to admission BG value for those
who survived 100 days (white) and those who died (grey). Similar
data are presented for change on BG on day 2, 3, and 4 relative to

admission BG. S survived, D died. p values shown for Mann-
Whitney tests comparing S and D groups. Numbers of cases with
available measurement of glucose change on each day are shown
for each group

Fig. 3 Survival curves for
those children demonstrating a
fall in BG on day 1 relative to
PICU admission (n = 1,030)
and those children
demonstrating an increase (or
no change) in BG on day 1
relative to PICU admission
value (n = 642). p value is that
for log rank test comparing the
survival curves
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Discussion

In this large retrospective multi-specialty single-centre
PICU study, we have reported for the first time the
importance of changes in the early BG profile after PICU
admission, with increased survival in those who demon-
strate a fall in BG on day 1 relative to PICU admission.
These findings are consistent with a survival advantage of
intact BG homeostasis.

A number of the previous studies exploring the
importance of hyperglycaemia in critically ill children
have had significant methodological limitations. These
have included small sample size [7], a failure to correct
for severity of illness [8, 9, 12], or the use of PRISM as a
severity of illness score that includes BG in the derivation
of severity of illness [7, 13], selective inclusion criteria
[7], lack of standardisation of BG analysis [10], and
infrequent BG monitoring [8, 10, 12]. Ignoring these
limitations, these studies, with one exception [13], have
shown that peak BG and duration and intensity of hy-
perglycaemia are each associated with mortality. Recent
studies [10, 12, 14, 15] have also looked at the effects of
variability in glucose homeostasis on outcome. Rake et al.
[14] studied the variability of BG in critically ill children
and proposed that early variability influences outcome.
Our study adds another dimension to the literature on
variability as it is the first study to look at the absolute
change in BG concentration over the first 48 h following
ICU admission, showing that change in the early BG
profile is associated with mortality even after correcting
for severity of illness.

The strengths of this study are its large size, multi-
specialty case mix, frequent BG sampling, the use of a
single analytical technique to measure BG with regular
quality control checks, the use of longitudinal BG data
allowing the opportunity to look at the within-patient

profile, and the fact that patients were tracked to record
100-day mortality rather than a shorter term outcome
measure.

Admission BG was not associated with mortality. In
comparing the BG profile between survivors and non-
survivors, the BG profile in the first 48 h following ICU
admission seems to be the key as there was a significant
difference in pattern between survivors and non-survi-
vors. Beyond day 3 the BG profile is similar between the
two groups. In designing a study of tight glycaemic
control in the PICU population it would seem imperative
to enroll patients early following PICU admission as it is
in the initial 24–48 h that hyperglycaemia is most pre-
valent, when the different profiles of survivors and non-
survivors are most apparent, and when there is the
greatest potential for the intervention to separate the BG
profile of control and tight glycaemic control groups.

A limitation of this study is that it was retrospective,
single centre, and we do not have information on the use
of steroids or catecholamines in each patient. Although
we do not have information on the use of insulin in these
patients, it was our unit policy at this time to withhold
insulin unless the BG concentration exceeded 15 mmol/l,
so we believe it likely that few patients would have
received insulin therapy. It is possible that the relationship
between change in BG and 100-day outcome is not con-
sistent across all diagnostic groups. Due to small numbers
of deaths in some diagnostic groups we were unable to
explore this further. The relationship between change in
BG and 100-day mortality appears to be more apparent in
‘medical’ ICU patients, though a larger study with larger
numbers of deaths would be needed to explore this fur-
ther. Finally, although the unit policy was to recommend
arterial blood gas sampling over capillary or venous
samples, we were unable to differentiate which samples
were arterial, capillary, or venous samples [20].

Fig. 4 Separate survival curves
for ‘surgical’ and ‘medical’
cohorts for those children
demonstrating a fall in BG on
day 1 relative to PICU
admission and those children
demonstrating an increase (or
no change) in BG on day 1
relative to PICU admission
value. Numbers of available
cases are 494 and 172 for
‘surgical’ and 536 and 470,
respectively, for medical
patients. p values result from
log rank tests comparing the
survival tests in each group
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Conclusion

Early BG profile following ICU admission, specifically
first day change in BG (delta-BG), is associated with
mortality in critically ill children, even after adjusting for
severity of illness. This finding would support the
hypothesis that intact BG homeostasis confers a survival
benefit in critically ill children. Further prospective multi-
centre studies are needed to address the limitations of this

retrospective study. In addition a multi-centre prospective
randomised investigation into glycaemic control is
necessary to determine whether strict control of hyper-
glycaemia will result in decreased morbidity and
mortality rates in critically ill children [21].
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