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    Abstract   

  Although once considered a benign consequence to the stress of severe illness or injury, a 
signifi cant body of evidence compiled over the past decade shows that hyperglycemia in 
 critically ill patients is associated with poor outcomes. In both adults and pediatric studies, 
there is a strong association with hyperglycemia with higher morbidity and mortality, and in 
some prospective studies, controlling hyperglycemia improves outcomes. These data have 
resulted in a number of national and international consensus statements and guidelines recom-
mending active glycemic control – though primarily directed at the critically ill or injured 
adult. Due to the lack of pediatric-specifi c data, it has been unclear how pediatric intensivists 
should incorporate glycemic control into their practice. During the past decade data from both 
retrospective and prospective studies have also shown signifi cant associations between hypo-
glycemia and dysglycemia (i.e., glycemic variability) and poor outcomes. From the current 
data, it appears that both hyper- and hypoglycemia occurs in patients who have higher illness 
severities and require more organ support measures. A number of pediatric-specifi c protocols 
have been developed and published which suggest that approaches to identify and manage 
hyperglycemia in critically ill children can be effectively and safely implemented, and inter-
estingly in many cases hypoglycemic rates are less than that which occurs spontaneously. 
Although most pediatric practitioners support active glycemic control in certain subsets of 
patients, it is unclear how widespread standardized, consistent glycemic management has 
been incorporated into practice. Prospective trials have yielded disparate outcome fi ndings 
regarding glycemic control in the pediatric ICU. Data from ongoing and completed studies 
will hopefully yield more defi nitive data on whether pediatric practitioners should regularly 
practice glycemic control, and what patient populations might benefi t from this practice. This 
chapter reviews the existing data on hyperglycemia, hypoglycemia and dysglycemia, and will 
hopefully assist how pediatric practitioners synthesize these data into practice.  
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        Introduction 

 A little more than a decade ago active management of 
 glucose in any critical care patient, adult or pediatric, was 
infrequent and non-standardized. Although likely regularly 
assessed on most critically ill patients, the impact of blood 
glucose (BG) level on course or outcome was unclear. 
Usually considered as part of a protective counter-regulatory 
fi ght- or-fl ight response to acute stress, evidence had been 
mounting that prolonged exposure to hyperglycemia may be 
damaging to cells and organs during critical illness and nega-
tively impact recovery. In 2001, a seminal randomized con-
trolled trial from the adult surgical critical care unit in 
Leuven, Belgium was published demonstrating that in their 
patient population, maintaining glucose values in a range of 
“tight glycemic control” (i.e. ~80–110 mg/dL) with infused 
insulin resulted in improved outcomes compared to patients 
in whom BGs were controlled in a more “conventional” tar-
get range (180–210 mg/dL) [ 1 ]. What was most impressive 
about this report was the range of outcomes that were 
improved by careful, proactive BG control: shorter lengths 
of stay, fewer red cell transfusions and bloodstream infec-
tions, less renal injury and, importantly, an impressive reduc-
tion (i.e. ~40 %) in mortality. The primary adverse effect was 
an increase in hypoglycemia (from 0.7 to 5.2 %) with unclear 
clinical impact. In relatively short order, other data from 
adult ICUs supported the concept of proactive glycemic con-
trol using insulin infusions [ 2 – 5 ], which resulted in a number 
of offi cial recommendations to implement standard 
approaches in BG management in critically ill patients. 
Although not specifi cally stated, recommendations were to 
practitioners of adult critical care, and it was unclear how 
these recommendations should be incorporated into pediatric 
critical care. These included recommendations from the 
Institute of Healthcare Improvement (IHI) and a combined 
consensus statement from the American Diabetes Association 
(ADA) and the American Association of Clinical 
Endocrinologists (AACE) to maintain BG in ICU patients 
under 110 mg/dL [ 6 ]. In 2004, the Society of Critical Care 
Medicine (SCCM) addressed glycemic control in their 
Surviving Sepsis Campaign, stating “In patients with severe 
sepsis, maintain BG <150 mg/dL [using an] insulin infusion 
and glucose…” [ 7 ]. In less than 5 years from the original 
Leuven report, most adult ICUs had evolved from being 
indifferent to most patients’ BG, to taking a proactive 
approach in managing BG in a relatively low and tight 
threshold. 

 During this time, a number of studies seemed to refute the 
benefi ts of tight glycemic control [ 8 – 12 ]. In addition to sup-
porting the concept that there may not be outcome benefi ts of 
maintaining BG in the “tight” range (i.e. 80–110 mg/dL), 
some of these suggested there may be harm, implicating the 
higher incidences of iatrogenic hypoglycemia and poorer 
outcomes with tight glycemic control. In fact, two large 

 randomized controlled trials (RCTs) in adult ICUs, the 
VISIP [ 9 ] and Glucotrol [ 12 ] studies, which were comparing 
outcomes in patients with BG targeted to 80–110 mg/dL to 
more conservative ranges (180–200 and 140–180 mg/dL 
respectively) were prematurely stopped due to high rates of 
protocol violations and high rates of hypoglycemia. Neither 
of these suggested outcome improvements with tight glyce-
mic control. In 2009, a large multi-national RCT consisting 
of over 6,000 patients from 42 adult medical or surgical 
ICUs, the NICE-SUGAR trial, compared outcomes in 
patients in whom glucoses were controlled 81–108 mg/dL 
versus under 180 mg/dL [ 10 ]. Although the difference of the 
average BG between groups was only ~30 mg/dL, there was 
a slight, but statistically higher mortality rate in the group 
undergoing tight glycemic control (27.5 v. 24.9 %, respec-
tively). The tight glycemic control group had higher hypo-
glycemic rates (6.8 v 0.5 %, respectively), which appears to 
have infl uenced the difference in mortality. 

 Relatively soon after the publication of these last studies, 
revisions were made to the aforementioned consensus state-
ments. Currently, IHI, ADA/AACE, and the SCCM Surviving 
Sepsis Campaign suggest active measure to control BG when 
it rises above 180 mg/dL [ 13 ,  14 ]. Of note, these groups have 
not suggested against glycemic control, but used recent stud-
ies to revise the target goals away from “tight” glycemic con-
trol (i.e. ~80–110 mg/dL). In the fall of 2012, the SCCM 
published the recommendations from a task force and sug-
gested that a “glycemic control end point such that a BG 
≥150 mg/dL triggers interventions to maintain BG below 
that level and absolutely <180 mg/dL” [ 15 ]. The rationale 
being that “there is a slight reduction in mortality with this 
treatment end point for general [adult] intensive care unit 
patients and reductions in morbidity for perioperative 
patients, postoperative cardiac surgery patients, post- 
traumatic injury patients, and neurologic injury patients”. 
This was the fi rst consensus group that included pediatric 
intensivists on the panel, reviewed data from pediatric stud-
ies, and specifi cally addressed how pediatric intensivists 
should incorporate general recommendations (which were 
mostly based on the adult critical care literature) into their 
practice. Although it was concluded that “the literature is 
inadequate to support recommendations regarding glycemic 
control in pediatric patients”, it was recognized that there 
was associative data on hyperglycemia and poor outcomes in 
a number of pediatric critical care subpopulations. In addi-
tion, there is contrasting data from RCTs regarding direct 
benefi ts of glycemic control in critically ill children. In a 
relatively short time period there has been a substantial phil-
osophical and practical shift adopted by many adult subspe-
cialty critical care practices. Data in pediatric critical care 
has been slower to come, and due to the paucity of data 
(which may be confl icting) it has been a challenge for 
 pediatric intensivists to develop a data-based approach to 
 glycemic control.  
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    Incidence and Associations of Hyperglycemia
in Pediatric Critical Care 

 Soon after studies in glycemic control in adult ICUs were 
published, a number of studies were presented evaluating the 
incidence of hyperglycemia in pediatric critical care. Rates 
of hyperglycemia range from as low as 14 % to near 100 % 
of patients in pediatric ICUs [ 16 – 24 ]. This vast variability is 
likely due to several factors such as the defi nition of hyper-
glycemia and the population studied. There is yet to be a 
“consensus” on how critical illness hyperglycemia is defi ned 
in adult or pediatric critical care. Thresholds to defi ne hyper-
glycemia in pediatric studies include values from 100 
through 200 mg/dL. When given, rationale for these cutoffs 
included defi nitions of hyperglycemia and glucose intoler-
ance used to defi ne diabetes and glucose intolerance by the 
American Diabetes Association (i.e. a non-fasting BG cutoff 
of 140 mg/dL) and BG levels which surpasses the “renal 
threshold” and result in glucosuria (i.e. ~200 mg/dL) [ 25 ]. 
Most descriptive studies have been retrospective, and rely on 
routine, non-standardized glucose testing. In presenting the 
incidence of hyperglycemia, the denominator given most 
often is any patient who received a BG evaluation. 
“Hyperglycemic patients” (i.e. the numerator) are most fre-
quently defi ned as any patient who had at least one BG 
greater than their threshold. The lower BG threshold used to 
defi ne hyperglycemia, the higher the incidence will be, and 
most likely the more times a patient’s BG was checked, the 
likelihood of a high BG increases. With these caveats, stud-
ies by Faustino and Apkon, Wintergurst et al., and Hirshberg 
et al. all found that one half to almost two-thirds of all 
patients in a pediatric medical/surgical intensive care (50, 61, 
and 56 % respectively) had at least one BG reading of 
>150 mg/dL [ 19 ,  20 ,  23 ]. Depending on the BG threshold to 
defi ne hyperglycemia, rates in general PICUs range from 
about 10–80 % of patients (Fig.  8.1a ). To date, there has been 
no prospective study in which BGs are systematically 
checked in all PICU patients to defi ne the true incidence of 
hyperglycemia in pediatric ICUs.

   In studies where patients that are more critically ill (i.e. 
higher illness severity or more organ failure) are evaluated, 
the incidence of hyperglycemia increases (Fig.  8.1b ). Studies 
have shown that nearly 50–75 % of patients on mechanical 
ventilation (MV) and 90 % on MV and/or vasopressors [ 22 , 
 24 ,  26 ,  31 ], 72 % of patients with septic shock [ 24 ] and 90 % 
of patients with meningococcal sepsis had BGs >126–
150 mg/dL [ 18 ]. When looking in cardiac ICUs, rates of 
hyperglycemia vary between 57 and 98 %, again depending 
on BG threshold and patient condition (Fig.  8.1c ) [ 28 – 30 , 
 32 – 34 ]. In other specifi c high risk PICU subpopulations 
rates are also high, for example 88 % in traumatic brain 
injury and 57 % in burn patients [ 35 – 38 ]. 

 Taken together, these studies support an intuitive 
 hypothesis that if patients are “more” critically ill, their 

 likelihood of having a more robust stress response is greater, 
and thus it is reasonable that their BG would become (more) 
elevated. From studies of a practice group that initiated a 
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  Fig. 8.1    Relationship of hyperglycemia incidence and BG threshold in 
pediatric critical care. The incidence of hyperglycemia and defi ning BG 
was obtained from published studies and plotted. Studies were divided 
into three categories: ( a ) General pediatric medical/surgical PICU eval-
uating all admissions, ( b ) Patients with shock or specifi c organ failure 
(i.e. requiring mechanical ventilation or vasopressors), ( c ) Patients in 
cardiac ICUs and/or post-operative from cardiac surgery (Data sources: 
( a ) [ 19 – 21 ,  23 ,  26 ]; ( b ) [ 16 ,  17 ,  22 ,  24 ,  26 ,  27 ]; ( c ) [ 27 – 30 ])       
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standard protocol to screen for hyperglycemia in what were 
deemed “high risk” patients (defi ned as those who were 
receiving mechanical ventilation, vasopressors, or other vital 
organ support measures) and required to consecutive BG 
readings of >140 mg/dL to defi ne hyperglycemia, ~50 % of 
patients who are mechanically ventilated and not receiving 
vasopressors and ~90 % of patients who are receiving both 
vasopressor support and are mechanically ventilated develop 
hyperglycemia [ 26 ,  31 ]. In further evaluation of patients not 
deemed “high risk” (i.e. no organ failure/support), hypergly-
cemia was rare (<6 %) [ 26 ]. This suggests that in pediatric 
patients, there is a strong positive relationship with organ 
failure and hyperglycemia. Taking this into account, the vari-
ability of incidence of hyperglycemia in pediatric ICUs is 
likely strongly infl uenced by the unit’s case mix of acuity 
and illness severity [ 31 ]. 

 In addition to reporting incidences, many retrospective 
and descriptive studies have documented an association 
between hyperglycemia and poor outcome. A common 
theme has been a strong positive association of hyperglyce-
mia and morbidity and mortality. In general, it has been 
found (similar to adult literature) that there is a positive asso-
ciation between hyperglycemia and ventilator days, ICU 
length of stay, use of high frequency ventilation, infections, 
inotrope use and renal insuffi ciency/failure [ 16 – 24 ,  28 ,  30 , 
 31 ,  37 ,  38 ]. In general medical/surgical PICU populations, 
mortality rates are up to fi ve to six times higher in those with 
hyperglycemia. In septic shock patients with respiratory fail-
ure, mortality is 2–3× higher in groups with hyperglycemia 
than without. In a study by Cochan et al., a BG of >300 mg/
dL in children with TBI is predictive of non-survival [ 36 ]. 
Taken together, hyperglycemia exists in a substantial amount 
of patients in pediatrics ICUs. There are strong correlations 
of higher instances of hyperglycemia and illness severity, 
organ failure and poor outcomes, including mortality. It has 
been such studies which have prompted prospective studies 
of glycemic control in pediatric critical care, and initiating 
standard approaches to glycemic control by some pediatric 
intensivists.  

    Hypoglycemia in the PICU 

 The practice of glycemic control in critically ill patients has 
highlighted physicians’ concern for hypoglycemia. Surveys 
of pediatric intensivists showed that hypoglycemia was con-
sidered more dangerous than hyperglycemia [ 39 ,  40 ]. In fact, 
the fear of hypoglycemia was identifi ed as a barrier to glyce-
mic control in critically ill children [ 40 ]. Hypoglycemia is 
physiologically defi ned as the concentration of glucose in the 
blood or plasma at which the individual demonstrates a 
unique response to the adequate delivery of the glucose to a 
target organ, particularly the brain [ 41 ]. Counter-regulatory 

hormones such as glucagon, epinephrine, growth hormone 
and cortisol are usually activated in response to hypoglyce-
mia once blood glucose concentration decreases to 60–80 mg/
dL [ 42 ]. Hypoglycemic symptoms do not occur until blood 
glucose concentration is approximately 50 mg/dL and cogni-
tion does not appear depressed unless blood glucose concen-
tration is approximately 40 mg/dL. Hypoglycemia has 
variable effects on the developing brain in preclinical models. 
Compared with adult rats, the brains of newborn rats are more 
resistant to neuronal injury from insulin-induced hypoglyce-
mia [ 43 ]. The cause of hypoglycemia may also be important. 
During prolonged fast, the body produces ketones that the 
brain can use as alternative source of energy in the absence of 
glucose. Insulin inhibits ketogenesis and deprives the brain of 
both glucose and ketones, potentially resulting in worse out-
comes with insulin-induced hypoglycemia [ 44 ]. The duration 
and frequency of the hypoglycemic episodes also affects the 
impact of hypoglycemia on the brain [ 10 ,  45 ]. Because of the 
diffi culty in using a blood marker, i.e. blood glucose concen-
tration, to diagnose symptomatic neuroglycopenia, pediatric 
intensivists use different blood glucose thresholds to defi ne 
hypoglycemia. Values ranging from 40 to 80 mg/dL are typi-
cally used in clinical practice [ 39 ,  45 ,  46 ]. Observational and 
interventional studies usually report hypoglycemia as 
<60 mg/dL and severe hypoglycemia as <40 mg/dL [ 10 ,  27 , 
 47 ]. Current convention is the BG value of <40 mg/dL is 
defi ned as “severe” hypoglycemia and <60, but greater or 
equal to 40 mg/dL is “moderate” hypoglycemia. 

 Hypoglycemia is not uncommon in critically ill children. In 
children with spontaneous or non-insulin induced hypoglyce-
mia, 7.5–11.7 % of them have at least one blood glucose con-
centration <60 mg/dL [ 20 ,  45 ,  48 ]. The prevalence of severe 
spontaneous hypoglycemia with blood glucose concentration 
<40 mg/dL is 2.2–3.2 % [ 45 ,  48 ] of all patients in the pediatric 
intensive care unit but can be as high as 25 % in selected 
patients undergoing glycemic control with insulin [ 27 ]. 

 Even in the absence of inborn errors of metabolism and 
insulin-secreting tumors that predispose children to hypogly-
cemia, critically ill children are at risk of hypoglycemia. 
Hypoglycemia is likely a refl ection of the body’s overall 
inability to regulate blood glucose concentration [ 45 ,  49 ]. 
This may explain why children <1 year old, [ 20 ,  48 ] with 
higher severity of illness [ 48 ] and requiring more therapeutic 
interventions, [ 45 ,  48 ] who tend to be hyperglycemic, are 
also likely to have episodes of hypoglycemia. Vriesendorp 
et al. proposed that critically ill patients have relatively insuf-
fi cient gluconeogenesis analogous to relative adrenal insuf-
fi ciency [ 50 ]. The gluconeogenic pathways are overstressed 
because of the underlying illness such that they are unable to 
produce additional glucose to maintain euglycemia when 
faced with added stress. Additional stress may include side 
effects of certain drugs, such as octreotide and beta-blockers, 
or human error [ 45 ,  51 ]. Abrupt discontinuation of high 
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 glucose containing parenteral nutrition or renal replacement 
therapy solutions without glucose supplementation may lead 
to hypoglycemia. Impaired gluconeogenesis may also result 
from unrecognized renal or hepatic insuffi ciency. 

 The outcomes of hypoglycemia in critically ill children 
depend on the cause, severity and the frequency of the events. 
Spontaneous hypoglycemia is associated with increased 
mortality, [ 45 ] prolonged hospital stay [ 20 ,  23 ] and increased 
risk of nosocomial infections [ 20 ]. Compared with children 
with no hypoglycemia, the odds of mortality ranges from 
2.7 in those with blood glucose concentration <60 mg/dL to 
4.5 in those with blood glucose concentration <40 mg/dL 
[ 45 ]. Children with recurrent hypoglycemia have worse out-
comes than those without or with a single episode of hypo-
glycemia. Depending on the glucose threshold, the odds of 
mortality in children with recurrent hypoglycemia are 4.8–
6.3 compared with 1.2–3.7 odds in those with a single epi-
sode of hypoglycemia [ 45 ]. 

 Insulin-induced hypoglycemia seems to have better out-
comes compared with spontaneous hypoglycemia. In the 
randomized controlled trial on glycemic control by 
Vlasselaers et al., 25 % of children in the insulin-treated 
group developed severe hypoglycemia compared with 1 % in 
the control group [ 27 ]. The odds of mortality are not 
increased in the presence of severe hypoglycemia, and in fact 
this group in whom BG were more tightly controlled had less 
mortality. Insulin-induced hypoglycemia is also not associ-
ated with changes in neurocognitive development when chil-
dren were tested 4 years after the hypoglycemic event [ 52 ]. 
Similar fi ndings are noted in adults. In the NICE-SUGAR 
trial, the hazard ratio of mortality is signifi cantly lower in 
patients with insulin-induced hypoglycemia (1.7 vs. 3.8 in 
adults with spontaneous hypoglycemia) [ 10 ]. In adults with 
acute myocardial infarction, hypoglycemia is a predictor of 
mortality in patients not treated with insulin but not in those 
treated with insulin (odds ratio of mortality: 2.3 vs. 0.9) [ 53 ]. 

 The difference in outcomes between spontaneous and 
insulin-induced hypoglycemia suggests that hypoglycemia 
is merely a marker of the underlying disease [ 10 ,  45 ,  49 ]. 
The better outcomes in critically ill patients with insulin- 
induced hypoglycemia, compared with animal studies, may 
refl ect the shorter duration that these patients are hypoglyce-
mic. While critically ill children may have unrecognized 
hypoglycemic symptoms, they are unlikely to be hypoglyce-
mic for prolonged periods of time because their blood glu-
cose concentrations are monitored closely [ 45 ].  

    Glycemic Variability 

 Recent evidence suggests that extreme fl uctuations in blood 
glucose concentrations in critically ill patients are harmful, 
independent of the actual blood glucose concentrations or 

the presence of hypoglycemia. It has been postulated that 
the contrasting results between the Leuven and the NICE- 
SUGAR trials may be partly explained by differences in 
glycemic variability [ 54 ]. The association between glyce-
mic variability and mortality was initially reported by Egi 
et al. [ 55 ] and Wintergerst et al. in 2006 [ 23 ]. Egi et al. 
reported that in critically ill adults whose blood glucose 
concentration was strictly controlled with insulin infusion, 
both the mean and standard deviation of blood glucose con-
centrations are independently associated with mortality 
[ 55 ]. Subsequent studies have confi rmed this association in 
adults [ 56 ]. Wintergerst et al. reported that glycemic vari-
ability is also associated with mortality and increased hospi-
tal stay in critically ill children [ 23 ]. Using a glucose 
variability index calculated as a time-weighted change in 
blood glucose concentration, glucose variability had the 
strongest association with mortality compared with maxi-
mal and minimal blood glucose concentrations. Other stud-
ies support this association in children. Hirshberg et al. 
reported that critically ill children with both hyperglycemia 
and hypoglycemia have higher odds of mortality and noso-
comial infection, and longer hospital stays compared with 
children with isolated hyperglycemia or hypoglycemia [ 20 ]. 
Using the standard deviation of the blood glucose concen-
trations of each critically ill child, Rake et al. reported that 
glycemic variability is positively correlated with mortality 
rates [ 57 ]. 

 Similar to hypoglycemia, the increased mortality associ-
ated with signifi cant glycemic variability may represent the 
body’s inability to maintain blood glucose allostasis i.e., 
physiologic adaptation to change [ 57 ]. Glycemic variability 
during the acute phase of illness is likely adaptive that allows 
the body to respond to stress. However, glycemic variability 
during the chronic phase of illness may be maladaptive and 
represent secondary damage to the systems controlling blood 
glucose concentration. Rake et al. demonstrated that among 
survivors, glycemic variability decreases during the late 
phase of critical illness [ 57 ]. In contrast, blood glucose con-
centration was persistently variable among non-survivors. 
Alternatively, fl uctuations in blood glucose may result in 
increased oxidative stress and endothelial dysfunction lead-
ing to worse patient outcomes [ 54 ].  

    Glycemic Control Protocols in the PICU 

 The effi cacy of glycemic control in critically ill children is 
unclear. The study by Vlasselaers et al. demonstrated a sig-
nifi cant mortality benefi t in controlling blood glucose con-
centrations to age-adjusted normal values [ 27 ]. In contrast, 
the study by Agus et al. did not detect any signifi cant benefi t 
with glycemic control in post-operative cardiac patients [ 47 ]. 
The results of trials in adults are also confl icting. The initial 
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trial by van den Berghe et al. [ 1 ] demonstrated mortality ben-
efi t with glycemic control while the NICE-SUGAR trial [ 10 ] 
demonstrated increased mortality in the intervention group. 
Despite the differences in the results of pediatric and adult 
trials, glycemic control continues to be practiced in critically 
ill children [ 46 ]. 

 Safe implementation of glycemic control requires the use 
of protocols. An optimal protocol should include an explicit 
algorithm that determines insulin dosing and minimizes 
interpretation by the bedside clinician, frequent monitoring 
of blood glucose concentration, provision for dextrose sup-
plementation or for stopping insulin if glucose source inter-
rupted, and standardize approach to the management of 
hypoglycemia [ 15 ]. Ideally, a protocol should incorporate 
patient characteristics and caloric intake to individualize 
insulin dosing recommendations. Because dosing algorithms 
are usually complex, computerized protocols are preferred. 
Computerized protocols have been shown to be more effec-
tive in achieving target blood glucose concentrations, [ 58 , 
 59 ] associated with less hypoglycemic events, [ 58 ,  59 ] better 
protocol compliance [ 60 ] and higher nurse satisfaction [ 61 ] 
compared with paper-based protocols. 

 A number of protocols have been developed for control-
ling blood glucose concentrations in critically ill children 
(Table  8.1 ). In most of the protocols, the recommended insu-
lin infusion rate is adjusted based on the rate of change in the 
blood glucose concentration and the current insulin infusion 
rate [ 60 ]. Computerized protocols tend to have more com-
plex insulin dosing algorithms that are diffi cult to replicate 
on paper [ 47 ,  62 ]. Because of uncertainty in the optimal 
blood glucose target for children, different ranges are used. 
The performance and the risk of hypoglycemia differ per 
protocol.

   Of the existing protocols there are two main types: those 
that recommend an incremental response to change in blood 
glucose within different ranges, and those that change the 
algorithm’s sensitivity to glucose changes. Whichever type 
of mathematical approach an algorithm employs, the recom-
mendations can be implemented either by written rules for 
making the incremental adjustments or by equations which 
continuously calculate incremental adjustments. A benefi t of 
the mathematical algorithm approach is that weight-specifi c, 
glucose-concentration specifi c recommendations can be 
made for glucose rescue from hypoglycemia. 

 A critical determinant of the success of any protocol is the 
quality and frequency of the data that are input into it. Blood 
glucose concentrations are ideally measured from an arterial 
source, since there is some arterio-venous decrement due to 
glucose extraction at the tissue level. Central venous blood 
may also be a reliable and stable source for measuring glu-
cose. Capillary blood should be reserved for short-term use 
only due to potential for poor peripheral perfusion in criti-
cally ill children. When drawing blood from an intravascular 
catheter, one should take extreme care to waste adequate 
amounts of blood, 1–2 mL, prior to collecting the sample 
that is to be tested. This may be achieved at little cost to the 
patient by using a closed blood drawing system, several of 
which are on the market. 

 Blood glucose should be monitored at a standard interval 
of 1–2 h during an intravenous insulin infusion. This can be 
spaced to some extent if insulin dose and carbohydrate sup-
ply are not changed in that period. Adult protocols that are 
based upon every 4 h blood glucose checks may have severe 
hypoglycemia rates of 10 % or more. There remains much 
debate as to what devices are acceptable for use to measure 
blood glucose. The most accurate devices are in the hospital 

   Table 8.1    Comparison of glycemic control protocols in children   

 Year published  Protocol type 
 BG target range
(in mg/dL) 

 Number of
patients 

 Time to reach
BG target range
(in hours) 

 Percentage of BG
measurements in
range 

 Percentage of
patients with BG
<40 mg/dL 

 Thompson 
et al. [ 62 ] 

 2008  Computer  80–110  48  12  48  20 

 Preissig et al. [ 26 ]  2008  Paper  80–140  74  5.4  N/A  4 
 Vlasselaers 
et al. [ 27 ] 

 2009  Paper  50–80 (<1 y/o)
70–100 (1–16 y/o) 

 349  N/A  N/A  25 

 Verhoeven 
et al. [ 63 ] 

 2009  Paper  72–145  50  5  N/A  0 

 Faraon-Pogecaunu
et al. [ 60 ] 

 2010  Paper  90–119  42  10  33  22 

 Branco et al. [ 64 ]  2011  Paper  60–140  44  9.5  73  20 
 Chima et al. [ 65 ]  2012  Paper  100–200  196  N/A  N/A  1 
 Agus et al. [ 47 ]  2012  Computer  80–110  444  6  N/A  3 
 Hebson et al. [ 33 ]  2013  Paper  80–140  44  6.1  N/A  0 

  Hebson et al. used in the cardiac intensive care unit the protocol initially reported by Preissig et al. 
  BG  blood glucose concentration,  N/A  not available  
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central laboratory, which measure serum concentrations. 
Blood gas machines are also particularly reliable; some ICUs 
have the benchtop machines in the ICU, others use a point-
of- care blood gas device. FDA-approved hospital glucose 
meters have become increasingly reliable in recent years. 
After taking into account the risk of performing glucose con-
trol in the ICU without a glucose measurement device at the 
bedside, we believe the newest generation (after 2011) are 
acceptable for use in the PICU. 

 Continuous glucose monitoring devices have also made 
signifi cant technological progress in the last 5 years, how-
ever, not enough to warrant using them to directly guide 
insulin dosing. Among FDA approved devices, the most 
commonly available one is the subcutaneous sensor which is 
designed for use in ambulatory diabetics. While not FDA 
approved for this indication, these sensors have been suc-
cessful in the context of clinical trials to signifi cantly reduce 
the incidence of hypoglycemia when on an insulin infusion. 
The most appropriate use is as a hypoglycemia alarm device. 
Through conducting clinical trials in this fi eld, we have 
learned that there are identifi able risk factors for hypoglyce-
mia (Table  8.2 ) which the continuous monitor has helped to 
address.

       Randomized Controlled Trial in Glycemic 
Control in Pediatric Critical Care 

 The fi rst pediatric randomized controlled trial of 700 criti-
cally ill pediatric patients was completed in a single center in 
Leuven, Belgium, which established that insulin infusion 
titrated to a goal of 50–80 mg/dL in infants and 70–100 mg/
dL in children, compared with insulin infusion only to pre-
vent BG greater than 215 mg/dL, improved short-term out-
comes. The absolute risk of mortality was reduced by 54 % 
(conventional 5.7 % vs. intervention 2.6 %, p = 0.038), and 
insulin therapy also reduced the ICU length of stay and 
C-reactive protein (the primary outcome variable). The study 
was notable for its fi rst proof of principle that lower ranges 
of glycemic control produce clinical benefi t in children. 

It was also remarkable for its low target BG ranges in the 
 intervention groups, which were described as “age-adjusted 
normoglycaemia” (50–80 mg/dL in <1 year old, 70–100 mg/
dL in >1 year old). Although several outcomes in this trial 
were favorable, there were extremely high rates of severe 
hypoglycemia (<40 mg/dL): 44 % in those <1 year old and 
25 % overall. In light of this, the protocol is unlikely to be 
replicated outside Leuven, and the fi ndings of clinical benefi t 
cannot be widely applied. Of note, the 4-year follow-up 
study assessed neurocognitive outcomes in participants in 
the trial and did not identify any differences in cognitive per-
formance between those enrolled in the tight control versus 
conventional therapy arm. 

 The second published randomized clinical trial in the 
fi eld, called SPECS (Safe Euglycemia in Cardiac Surgery) 
was conducted in two centers in a relatively homogeneous 
population of 980 post-operative cardiac surgical patients 
less than 3 years of age. Subjects were randomized to 
80–110 mg/dL versus standard care, which was essentially 
no insulin. Although subjects in the TGC arm of the trial 
reached target range more quickly than the standard care 
arm, stayed in range longer, and had a lower time-weighted 
blood glucose average, outcomes were identical between 
the two groups. It is notable that the differences in the glu-
cose profi les across the two groups became indistinguish-
able after 48 h, raising the question of whether the exposure 
to glucose control was too brief to affect a difference in 
outcomes. When analyzing the entire cohort, no differ-
ences in outcomes were noted. Post hoc analyses are 
reported to be underway which may identify subgroups 
that did derive benefi t, but these have not yet been 
published. 

 Three other major trials are underway at the time of writ-
ing this chapter, which may help us understand more about 
controlling blood glucose in critically ill children. Control of 
Hyperglycaemia In Paediatric Intensive Care (CHiP; 
ISRCTN61735247) is a 1,384-patient study of cardiac, med-
ical and surgical ICU patients, randomizing to either 72–126 
or 180–215 mg/dL with primary outcome of ventilator-free 
days at 30 days. Pediatric ICUs at Indiana and Emory-
Children’s Center Glycemic Control: The PedIETrol Trial 
(NCT01116752) is a 1,004-patient trial of 80–140 versus 
190–220 mg/dL including cardiac, medical and surgical ICU 
patients, where the primary outcome is recovery of organ 
function specifi ed as PELOD score at 6 days. Heart And 
Lung Failure – Pediatric INsulin Titration trial (HALF- 
PINT; NCT01565941) is a 30-center multi-center trial of 
80–110 vs 150–180 mg/dL with the primary outcome of 
ICU-free days, or 28-day hospital mortality-adjusted ICU 
length of stay. As the results are published of these three 
major trials and possibly others we will be able to generate 
more defi nitive recommendations about glycemic control in 
specifi c situations.  

   Table 8.2    Factors leading to hypoglycemia in the ICU during insulin 
infusion   

 Risk factors 
  Transport off ICU 
  Sick patient or neighbor 
  Stable trajectory 
 Final common pathways 
  Feeds (PN or EN) discontinued, insulin continued 
   Titrated medication infusions with dextrose-containing fl uid as a 

diluent 
  Lack of adequate frequency of BG checks 
  Variable sampling techniques 
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    Conclusion 

 The past decade has shown rapid change in how hypergly-
cemia is regarded and managed in all disciplines of criti-
cal care. In adult critical care there is a strong body of 
evidence that, at least in some patients, benefi t can come 
from strict management of hyperglycemia using insulin. 
Although there are strong associations of poor outcome 
and hyperglycemia and hypoglycemia in pediatric critical 
illness, is not yet clear which patient populations, if any, 
will benefi t from routine glycemic control. Data to base 
best practice will only come through the implementation 
of carefully planned prospective studies.     
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