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Background: To study the association in moderate and severe pediatric traumatic brain injury (TBI)
between hyperglycemia, hyperlactatemia, acidosis and unfavorable outcome, as assessed by Pediatric
Cerebral Performance Category (PCPC) on discharge from the pediatric intensive care unit (PICU).
Methods: Children <16 years old with TBI and Glasgow Coma Scale (GCS) <13 in an Asian mult-center
PICU TBI cohort from January 2014 to October 2017 were included in this study. We defined unfavorable
outcome as PCPC >3—moderate disability, severe disability, vegetative state, and death. We performed
logistic regression to investigate the association between metabolic changes with unfavorable outcome. We
divided hyperglycemia (glucose >11.1 mmol/L) during PICU admission into early-onset (within 24 h), late-
onset (beyond 48 h) and persistent (throughout first 72 h).

Results: Among the 305 children analyzed, 136 (44.6%) had unfavorable outcome. Children with
unfavorable outcome were more likely to have early hyperglycemia (75/136, 55.1% vs. 33/169, 19.5%;
P<0.001), high lactate levels >2.0 mmol/L (74/136, 54.4% vs. 56/169, 32.5%; P<0.001) and initial acidosis
(857136, 62.5% wvs. 78/169, 56.1%; P=0.003) compared to those with favorable outcome. After adjusting for
gender, GCS <8 and presence of polytrauma, early hyperglycemia [adjusted odds ratio (aOR) =3.68, 95% CI:
2.12-6.39, P<0.001] and late hyperglycemia (aOR =13.30, 95% CI: 1.64-107.8, P=0.015] were independently
associated with unfavorable outcome. All children with persistent hyperglycemia died.

Conclusions: We described unfavorable outcome in pediatric TBI especially with persistent hyperglycemia.
Future trials should investigate the causal relationship between glycemic trends, early intervention and

outcome in this cohort.
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Introduction

Despite increased accessibility to healthcare resources and
advancements in trauma resuscitation, pediatric traumatic
brain injury (TBI) remains a significant health burden (1).
In addition to optimization of hemodynamic parameters
to reduce the chance of secondary brain damage, early
identification and correction of biochemical alterations are
vital (2-5).

Children with moderate and severe TBI can present
with significant metabolic derangements characterized by
hyperglycemia, hyperlactatemia and acidosis (4,6). The
acute stress-induced response to injury constitutes a complex
interplay of counteracting hormones, such as cortisol,
glucagon, catecholamines and regulatory cytokines (7). This
leads to impaired aerobic glycolysis and intracellular acidosis
that in turn cause a secondary toxic-ischemic effect on the
brain (7). The association between these metabolic alterations
and outcomes of pediatric TBI have been investigated in
several single-center studies (2,5,8,9).

These prior single-center studies have identified
admission hyperglycemia as an important predictor of
mortality in pediatric TBI (9-14). Early hyperglycemia
has been traditionally described as the presence of any
hyperglycemia in the first 48 h of injury (13,14), while other
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retrospective cohort studies have proposed a shorter window
between 12 to 24 h post injury (5,15). The association
between early, compared to late or persistent hyperglycemia
and pediatric TBI outcomes has not been well-established
(9-14). Additionally, mortality has been the primary outcome
of interest in these studies whereas functional outcome
has been less adequately described (9-14). Furthermore,
while lactate and acidosis in adult multisystem trauma are
associated with massive hemorrhage and prolonged ICU
admission (16,17), there is a paucity of literature examining
their roles as prognostic markers in pediatric TBI (2,4).

To address some of these gaps in current literature, we
set out to investigate the association between glycemic
trends throughout the first 72 h of pediatric intensive care
unit (PICU) admission with unfavorable functional outcome
defined by pediatric cerebral performance category (PCPC)
categories of moderate disability, severe disability, vegetative
state or coma (18,19), and death. We also sought to examine
the association between hyperlactatemia and acidosis
with unfavorable outcome in a large Asian, pediatric TBI
cohort. We present the following article in accordance
with the STROBE reporting checklist (available at https://
tp.amegroups.com/article/view/10.21037/tp-22-443 /rc).

Methods
Study design, setting and population

We performed a secondary analysis of the retrospective,
multi-center Pediatric Acute and Critical Care Medicine
Asian Network (PACCMAN) TBI data set, involving
10 pediatric intensive care units from January 2014 to
October 2017 (20). This was a multi-national population
that included 380 children <16 years old with a Glasgow
Coma Scale (GCS) Score £13, and who presented within
24 h of head injury. We included patients with both isolated
TBI and TBI in the presence of poly-trauma—defined as
the presence of other extracranial injuries including intra-
thoracic, intra-abdominal injuries and long bone fractures.
Following the initial publication, we aimed to investigate
early post traumatic seizures in children (5), as well as
biochemical alterations in TBI. Among the 10 centers,
8 centers responded to our call and were able to provide
further data on existing patients. Data were obtained using
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a standardized electronic REDCap data collection form.

Variables and definitions

Demographic details were collected, including age,
gender, mechanism of injury and presenting GCS score
on arrival to each institution. We reviewed presenting
(initial) arterial glucose levels, serum lactate and pH levels
as well as peak values recorded at 0-24, 24-48 and 48-
72 h. Being an observational study, we did not standardize
the frequency of blood-taking. Hyperglycemia was defined
as a single glucose reading >11.1 mmol/L and hypoglycemia
was defined as glucose <4.0 mmol/L (3,14). We defined
early hyperglycemia as the presence of hyperglycemia
within the first 24 h of admission to the PICU. As part
of a sensitivity analysis, we repeated our analysis with
the presence of hyperglycemia within the first 48 h of
admission to the PICU. Late-onset hyperglycemia was
defined as hyperglycemia that occurred beyond 48 h of
admission to the PICU, and persistent hyperglycemia
was defined as hyperglycemia that lasted throughout the
first 72 h of admission. We also recorded the presence of
insulin administration in the first 72 h. Hyperlactatemia was
defined as lactate >2 mmol/L (2,4), and acidosis was defined
as pH <7.35 4).

Outcome measures

Our primary outcome of interest was functional outcome
on discharge from the PICU, measured by PCPC, assigned
by trained clinicians in the PICU of each institution. The
PCPC is a qualitative assessment of function that consists
of six categories: good, mild disability, moderate disability,
severe disability, vegetative state or coma, and death (18,19).
Unfavorable outcome was defined as PCPC categories of
moderate disability, severe disability, vegetative state or
coma, and death. We defined death as in-hospital mortality.
Secondary outcomes included length of ventilation, length
of stay (LOS) in PICU and LOS in hospital.

Statistical analysis

Data were collected and entered into a standardized
Microsoft Excel database (Microsoft Corporation, New
Mexico, the United States). Statistical analysis was
performed using IBM SAS Statistics (SAS Institute, North
Carolina, United States). Categorical data were summarized
by frequencies and percentages, while continuous variables

© Translational Pediatrics. All rights reserved.

were expressed as median with interquartile range (IQR).
We performed a univariate logistic regression analysis to
determine if specific demographic factors, such as gender
and age, alongside each laboratory marker—glucose, lactate
and pH—predicted for unfavorable outcome. Variables
subsequently included in the multivariable regression were
determined based on univariate significance as well as
their clinical relevance. Receiver Operating Characteristic
(ROC) curves were drawn to compare the areas under the
curve (AUC) for initial serum glucose, lactate and pH.
The Youden index was used to identify thresholds for
the aforementioned metabolic markers in determining
unfavorable PCPC outcome, where the highest Youden
Index were a summary measure of the ROC curve at which
both the sensitivity and specificity of the biomarker is
maximally optimized. We presented point estimates using
unadjusted and adjusted odds ratios (aOR) together with
the corresponding 95% confidence intervals (95% CI), and
took statistical significance at P<0.05.

Ethics

Ethics approval was given for this study by SingHealth
Centralised Institutional Review Board E, Singapore (No.
2018/2076) with waiver of informed consent due to the
retrospective nature of the study. The study was conducted
in accordance with the Declaration of Helsinki (as revised

in 2013).

Results

Three hundred and thirteen patients were enrolled into the
study, with a median age of 4.2 (IQR, 1.8-8.8) years. Eight
patients (2.2%) were excluded due to incomplete outcome
measurements of PCPC scoring on discharge.

Patient demograpbic

A total of 305 children were eligible for final analysis,
of whom 207 (67.9%) were male. The most common
mechanisms of injury were road traffic accidents (RTA)
(1337305, 43.6%) and falls (1337305, 43.6%) (Table I).
Amongst the 305 children analyzed for the study, there
were 2.2% (7/305) with incomplete glucose values, 18.6%
(57/305) with missing lactate values and 1.9% (6/305) with
missing pH values. There were 136 children (44.6%) with
unfavorable PCPC outcome, of whom 102 children (75.0%)
sustained severe TBI with a presenting GCS score of <8
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Table 1 Patient demographics, clinical characteristics and metabolic markers

Patients with favorable® Patients with unfavorable®

Clinical variable Total (n=305) PCPG outcome (1=169)  PCPG outcome (n=136) P value®
Age (years), median (IQR) 4.2 (1.8-8.8) 4.3 (1.8-8.6) 3.6 (1.8-9.0) 0.807
Gender (males), n (%) 207 (67.9) 121 (71.6) 86 (63.2) 0.029
Severe TBI with Glasgow Coma Scale <8, n (%) 169 (55.4) 67 (39.6) 102 (75.0) <0.001
Mechanism of injury, n (%) 0.054

Road traffic accident 133 (43.6) 64 (37.9) 69 (50.7)

Fall 133 (43.6) 81 (47.9) 52 (38.3)

Non-accidental injury* 22 (7.2) 13 (7.7) 9 (6.6)

Others 17 (5.6) 11 (6.5) 6 (4.4)
Presence of polytrauma, n (%) 174 (57.0) 80 (47.3) 94 (69.1) <0.001
First presenting glucose (mmol/L), median (IQR) 8.4 (6.5-12.1) 7.9 (6.3-9.6) 9.5 (6.9-14.8) <0.001
Admission hyperglycemia >11.1 mmol/L, n (%) 76 (24.9) 19 (11.2) 57 (41.9) <0.001
Early hyperglycemia >11.1mmol/L in first 24 h, n (%) 108 (36.2) 33 (19.5) 75 (55.1) <0.001
Presence of persistent hyperglycemia >11.1 mmol/L 5(1.6) 0 (0.0 5(3.7) 0.179
throughout first 72 h, n (%)
Presence of late-onset hyperglycemia >11.1 mmol/L 13 (4.3) 1(0.6) 12 (8.8) 0.239
beyond 48 h, n (%)
Admission lactate (mmol/L), median (IQR) 2.2 (1.3-4.0) 1.9 (1.2-3.4) 2.7 (1.5-5.2) <0.001
Presence of early hyperlactatemia >2 mmol/L in the 130 (42.3) 56 (32.5) 74 (54.4) 0.013
first 24 h, n (%)
Admission pH, median (IQR) 7.30 (7.27-7.41) 7.35 (7.31-7.40) 7.31(7.23-7.43) 0.003
Presence of early acidosis pH <7.35 in first 24 h, n (%) 163 (563.4) 78 (46.1) 85 (62.5) 0.003

2 favorable PCPC outcome defined as PCPC categories of good function and mild disability; °, unfavorable PCPC outcome defined
as PCPC categories of moderate disability, severe disability, vegetative state or coma or brain death; *, statistical significance taken at
P<0.05; *, non-accidental injury is defined as injury that is purposefully inflicted onto the child, including any violent physical act. PCPC,
pediatric cerebral performance category; TBI, traumatic brain injury; IQR, interquartile range.

(Table 1). A greater proportion of children with unfavorable
outcome had sustained polytrauma compared to those who
had favorable outcome (94/136, 69.1% vs. 80/169, 47.3%;
P<0.001) (Table I).

Association of byperglycemia with clinical outcome

On admission to PICU, there were 76 patients (24.9%)
with hyperglycemia, 217 (74.0%) with normoglycemia and
5 (1.7%) with hypoglycemia. There were seven patients
without glucose values recorded. The median glucose level on
admission was 8.4 (IQR, 6.5-12.1) mmol/L. (P<0.001). There
were 108 patients (36.2%) with early hyperglycemia within
the first 24 h of PICU admission (7izble 1). Amongst the
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108 patients with early hyperglycemia, 15 (13.8%) received
insulin therapy within the first 24 h, of whom 7 patients
continued to remain hyperglycemic at 24-48 h of admission.

Early hyperglycemia and clinical outcome

The presence of early hyperglycemia in the first 24 h of
PICU admission was associated with unfavorable PCPC
outcome (75/108, 69.4% vs. 59/187, 31.5%, P<0.001)
compared to the group with normoglycemia (7uble 2). The
cohort with early hyperglycemia had an increased length of
ICU stay compared to those with normoglycemia [8.5 (IQR,
4-14) vs. 6 (IQR, 3-10) days; P=0.004) (1able 2). Early
hyperglycemia in the first 24 h, however, was not associated
with a longer duration of ventilation [5 IQR, 2-9) vs. 4
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Table 2 Association between glucose level in first 24 h and clinical outcomes

Normoglycemia within first

Early hyperglycemia in first

Clinical outcome 24 h (glucose <11.1 mmol/L) (n=187)24 h (glucose >11.1 mmol/L) (n=108) ' 3Ue
LOS of hospital (day), median (IQR) 14 (8, 29) 23 (9, 35) 0.233
LOS of PICU (day), median (IQR) 6 (3, 10) 8.5 (4, 14) 0.004
Duration of mechanical ventilation, median (IQR) 4(2,8) 5(2,9) 0.186
Discharge PCPC rating, n (%) <0.001

Good 81 (43.3) 17 (15.7)

Mild disability 47 (25.1) 16 (14.8)

Moderate disability* 22 (11.8) 15 (13.8)

Severe disability* 18 (9.6) 11 (10.1)

Vegetative state or coma* 15 (8.0) 29 (26.8)

Death* 4(2.1) 20 (18.5)

*, unfavorable functional outcome is defined as PCPC scale ratings of moderate disability, severe disability and vegetative state or coma,
death. PCPC scores assigned as: 1, good; 2, mild disability; 3, moderate disability; 4, severe disability; 5, vegetative state or coma; 6,
death. LOS, length of stay; IQR, interquartile range; PICU, pediatric intensive care unit; PCPC, pediatric cerebral performance category.

Table 3 Multivariable analysis for early hyperglycemia in first 24 h
as an independent predictor of unfavorable outcomes*

Adjusted odds ratio

Variable (95% confidence interval) P value
Male gender 1.79 (1.02-3.11) 0.039
Glasgow Coma Score <8 2.84 (1.65-4,88) 0.008
Presence of polytrauma 2.06 (1.20-3.51) <0.001
Early hyperglycemia 3.68 (2.12-6.39) <0.001

>11.1 mmol/L

*

, unfavorable functional outcome defined as PCPC scale
ratings of moderate disability, severe disability and vegetative
state or coma, death. PCPC, pediatric cerebral performance
category.

(IQR, 2-8) days; P=0.186] or duration of hospitalization [23
(IQR, 9-35) vs. 14 (IQR, 8-29) days; P=0.233] compared
to the normoglycemia group (1able 2). In our sensitivity
analysis, we found a consistent association between early
hyperglycemia (when defined within the first 48 h) and
unfavorable outcome (Table S1).

After adjusting for gender, presenting GCS £8 and
presence of polytrauma, early hyperglycemia was associated
with unfavorable functional outcome (aOR =3.68, 95% CI:
2.12-6.39, P<0.001) (Zible 3). At the maximum Youden Index,
we observed an initial glycemic threshold of >11.0 mmol/L

to be associated with unfavorable outcome with a sensitivity
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of 56.2% and specificity of 79.8% (Figure S1A).

Late-onset hyperglycemia and clinical outcome
Amongst 13 patients who developed late-onset hyperglycemia
at 48-72 h of admission, 12 (92.3%) had unfavorable
outcome. We found that the presence of late-onset
hyperglycemia was associated with unfavorable outcome
(aOR =13.30, 95% CI: 1.64-107.8, P=0.015) (Tuble 4).
We were unable to perform multivariable analyses for the
subgroup with persistent hyperglycemia as all progressed to
have unfavorable outcomes.

We found that children who maintained normoglycemia
from presentation to 72 h of admission had favorable
functional outcome with a median PCPC score of 2 on
discharge (IQR, 1-4; P<0.001) (Figure 1). Normoglycemic
children who later developed hyperglycemia beyond
48 hours of admission progressed to have worse outcome
than children with early hyperglycemia that normalized
after 24 h [median PCPC score 5 (IQR, 3-5) vs. PCPC
score 3 (IQR, 2-5); P<0.001] (Figure I). Finally, children
with persistent hyperglycemia throughout the first 72 h
of admission progressed to have poorest outcomes with a
median PCPC score of 6 (IQR, 5-6; P<0.001), corresponding
to death (Figure I).

Association of lactatemia and acidosis with clinical outcome

Next, we analyzed the association between other deranged
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Table 4 Multivariable analysis for late-onset hyperglycemia as an
independent predictor of unfavorable outcomes*

Adjusted odds ratio

Variable (95% confidence interval) P value
Male gender 1.53 (0.83-2.81) 0.170
Glasgow Coma Score <8 2.07 (1.15-38.74) 0.015
Presence of polytrauma 1.84 (1.01-3.36) 0.046
Late-onset hyperglycemia  13.30 (1.64-107.8) 0.015

>11.1 mmol/L

*, unfavorable functional outcome defined as PCPC scale ratings
of moderate disability, severe disability and vegetative state or
coma, death. PCPC, pediatric cerebral performance category.
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Figure 1 Association between glycemic trends and functional
outcome at PICU discharge. Scores assigned as: 1, good; 2, mild
disability; 3, moderate disability; 4, severe disability; 5, vegetative
state or coma; 6, death; with unfavorable PCPC outcome defined
as moderate disability, severe disability, vegetative state or coma
death. PCPC, pediatric cerebral performance category; PICU,

pediatric intensive care unit.

metabolic markers with clinical outcome. Patients with
unfavorable outcome presented with a higher median
admission lactate than the group with favorable outcome
[2.7 AQR, 1.5-5.2) vs. 1.9 AQR, 1.2-3.4) mmol/L; P<0.001]
(Table 1). Tiable 5 shows clinical outcomes between children
with high lactate >2.0 mmol/L in the first 24 h compared
to those without. There was a greater proportion with
moderate disability, severe disability, vegetative state or
coma, and death cumulatively in those with high lactate
compared to those without (74/130, 56.9% compared to
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53/121, 43.8%; P<0.001) (Table 5). This was especially
observed at lactate levels >3.8 mmol/L (AUC =0.65, OR
=1.26, 95% CI: 1.13-1.41, P<0.001) (Figure S1B). The
presence of acidosis was also similarly associated with
unfavorable PCPC outcome (P=0.004) (1uble 6).

Finally, we compared these three metabolic markers
and their association with unfavorable outcome. In our
ROC model, initial glucose values in the first 24 h had the
highest AUC in comparison to initial lactate and pH (0.70
vs. 0.65 and 0.59, respectively) (Figure S1IA-S1C). Initial
hyperglycemia was also the metabolic marker with highest
sensitivity (56.2%) for unfavorable outcome in comparison
to initial hyperlactatemia (48.8%) and initial acidosis
(45.1%). In our multivariable analysis, after adjusting for
gender, presence of polytrauma and concomitant presence of
admission hyperglycemia, hyperlactatemia and acidosis were
not associated with unfavorable outcomes (Tables S2,S3).

Discussion

In this retrospective, multi-center study, we analyzed
305 pediatric patients with moderate to severe TBI. We
described a young cohort with a median age of 4.2 years,
whose predominant mechanism of injury was RTA,
consistent with previous studies (1,14,21,22). Amongst
our patients, 44.6% had unfavorable outcome. We found
early hyperglycemia to be independently associated with
unfavorable functional outcome, while lactate levels and
presence of acidosis were not.

Numerous studies have investigated serum glucose as
a prognostic marker in TBI (5,10,11,14,15). We followed
prior thresholds for hyperglycemia, conventionally defined
as glucose 211.1 mmol/L (5,12,23). More recent studies
however, have since sought to determine if this glycemic
threshold should be lowered and if tight glycemic control
will lead to better outcomes (14,15). Adult TBI studies
reported that tight glycemic control did not improve
clinical outcomes (24,25). However, interventional studies
instituting strict glycemic control in pediatric TBI patients
are lacking, and we postulate that this is because clinicians
are concerned about the inadvertent risks of hypoglycemia
if glucose control is too stringent (14). We found that
the conventional glucose cut off at 11.0 mmol/L—
corresponding to the highest Youden index—was indeed
associated with unfavorable PCPC outcome in our
population. However, because of the retrospective nature
of our study, glucose levels were not continuously measured
nor measured at protocolized timing, and our results should
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Table 5 Association between lactate level and clinical outcomes
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Normal lactate levels in the first

Early hyperlactatemia in the first

Clinical outcome 24 h (lactate <2.0 mmol/L) (n=121) 24 h (iactate >2.0 mmol/L) (n=130) VA
LOS of hospital (day), median [IQR] 14.5 [8.5-30] 23 [10-38.5] 0.171
LOS of PICU (day), median [IQR] 7 [4-12] 8 [4-1] 0.774
Duration of mechanical ventilation, median [IQR] 5 [2-8] 5 [2-9] 0.806
Discharge PCPC rating, n (%) <0.001

Good 34 (28.6) 31 (24.0)

Mild disability 32 (26.9) 24 (18.6)

Moderate disability* 21 (17.6) 12 (9.3)

Severe disability* 16 (13.5) 12 (9.3)

Vegetative state or coma* 12 (10.1) 32 (24.8)

Death* 4(3.4) 18 (14.0)

*, unfavorable functional outcome is defined as PCPC scale ratings of moderate disability, severe disability and vegetative state or coma,
death. PCPC scores assigned as: 1, good; 2, mild disability; 3, moderate disability; 4, severe disability; 5, vegetative state or coma; 6,
death. LOS, length of stay; IQR, interquartile range; PICU, pediatric intensive care unit; PCPC, pediatric cerebral performance category.

Table 6 Association between acidosis and clinical outcomes

Normal pH levels (pH >7.35)

Early acidosis (pH <7.35) within

Clinical outcome within the first 24 h (n=135) the first 24 h (n=163) P value
LOS of hospital (day), median [IQR] 15 [8-26] 17 [8.5-35] 0.323
LOS of PICU (day), median [IQR] 6 [4-11] 7 [4-13] 0.278
Duration of mechanical ventilation, median [IQR] 4 [2-7] 5 [2-9] 0.439
Discharge PCPC rating, n (%) 0.004

Good 48 (35.6) 51 (31.3)

Mild disability 37 (27.4) 27 (16.6)

Moderate disability* 20 (14.8) 17 (10.4)

Severe disability* 9 (6.7) 21 (12.9)

Vegetative state or coma* 17 (12.6) 26 (16.0)

Death* 4 (3.0) 21 (12.9)

*, unfavorable functional outcome is defined as PCPC scale ratings of moderate disability, severe disability and vegetative state or coma,
death. PCPC scores assigned as: 1, good; 2, mild disability; 3, moderate disability; 4, severe disability; 5, vegetative state or coma; 6,
death. LOS, length of stay; IQR, interquartile range; PICU, pediatric intensive care unit; PCPC, pediatric cerebral performance category.

be interpreted with caution.

Past studies of hyperglycemia in both adult and pediatric
"TBI had used differing definitions for early hyperglycemia,
with larger studies conventionally using a 48-h window
(13,14,26). While arguably transient and possibly a reflection
of the pathophysiological stress response immediately post-
insult (5), several studies have demonstrated that early
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hyperglycemia in the first 24 h was associated with adverse
outcome in both adult and pediatric TBI populations
(12,23,24). A large retrospective cohort study (n=271) at
a tertiary pediatric trauma center in 2014 demonstrated
that severe hyperglycemia during the initial 12 hours was
independently associated with both unfavorable outcome
and mortality in pediatric TBI (15). We chose to define the
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early hyperglycemic period within the first 24 h based on
the data extrapolated from the above. Our findings reiterate
extant knowledge—patients with early hyperglycemia
in the first 24 h had longer duration of PICU stay and
increased mortality. Amongst the survivors, our patients
also progressed to have unfavorable functional outcomes.
Of note, our findings were in conflict with a retrospective
study performed at a single pediatric tertiary center by
Smith et al. in 2012, which found no association between
early hyperglycemia with outcome (14). We postulate
that this could be due to variation in fluids use, treatment
thresholds for administration of insulin, and concurrent
TBI management strategies that impact outcomes.

The pathophysiology of the glycemic trend that follows
in the next 48-72 h is a lesser understood phenomenon
constituted by a complex interplay of metabolic processes
involving secondary brain tissue inflammation and injury
(27-29). It is proposed that altered glucose metabolism
and mitochondrial dysfunction occurs in later phases of
brain injury, leading to hyperglycemia presenting beyond
the first 24 h of injury (28). Smith ez /. had reported
in their retrospective, single-centre study that delayed
hyperglycemia after 48 h post injury was associated with
adverse outcomes amongst children with severe TBI (14).
Similarly, we described late-onset hyperglycemia as a strong
independent predictor of unfavorable outcome in addition
to early hyperglycemia alone. Notably, all five patients
with persistent hyperglycemia died. We believe that our
observations merit further large-scale multi-center studies
to investigate outcomes in pediatric TBI patients with late-
onset, and sustained hyperglycemia.

There are limited studies examining the association
between lactate, acidosis, and outcomes (2). While these
biomarkers reflect the extent of tissue hypoperfusion and
hypoxia in trauma, their role particularly in isolated brain
injury is not clearly established (2). In 2019, a single-center
retrospective study (n=213) reported an association between
serum lactate on admission with decreased ventilation-
free, PICU-free and hospital-free days in children with
moderate and severe TBI (2). We were, however, unable to
demonstrate this association in our study. Serum lactate and
acidosis were associated with unfavorable PCPC outcome in
our univariate analysis, but not for duration of ventilation,
PICU stay and duration of hospitalization. After accounting
for the concurrent presence of hyperglycemia and adjusting
for gender and presence of polytrauma, we did not find
any association between both lactate and acidosis with
unfavorable outcome. We recognize that not all patients
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had documented lactate trends and methods used to collect
lactate samples may have varied across sites. Interventions
were also likely to have been taken to elucidate the cause
and/or correct these abnormalities.

The primary limitation of our study is its retrospective
design, although initial data was actively captured in each
institution’s trauma surveillance database. We recognize that
the frequency of monitoring of these metabolic markers,
and thresholds for intervention were likely to differ across
sites and some confounders may not be known. In our
current study, the percentage of missing data was 2.2%;
these were removed from our regression model analysis.
Additionally, over the period in which we utilized these data,
there were evolving clinical practices involving ventilator
management, temperature control and intracranial pressure
control strategies that may have varied internationally. We
were unable to obtain details on the number of patients
who had cardiac arrest as a complication of their TBI,
steroid treatment, use of etomidate at time of intubation,
the maximum glucose infusion rate of intravenous fluids
used, and information on nutrition initiation including the
use of total parental nutrition, all of which would have had
implications on glycaemia—particularly in the late-onset
hyperglycemic cohort. Given the small number of children
with late-onset and/or persistent hyperglycemia in our
study, we recognize that our results must be interpreted
with caution. Finally, while we used PCPC scoring on
discharge as the end-point assessment for our patients’
functional outcome, we recognize that PCPC scores may
change with neuro-rehabilitation, post discharge.

Conclusions

In this multi-center pediatric TBI cohort, early hyperglycemia
in the first 24 h, late-onset and persistent hyperglycemia
were incrementally associated with unfavorable functional
outcomes. Future trials should investigate the causal
relationship between glycemic trends and functional outcomes
in this cohort, and if glycemic control alters this relationship.
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Supplementary

Table S1 Association between glucose level in first 48 hours and clinical outcomes

Normoglycemia within first 48 h

Early hyperglycemia in first 48 h

Clinical Outcome (glucose <11.1 mmol/L) (n=184) (glucose >11.1 mmol/L) (n=115) P value
LOS of hospital (day), median [IQR] (n=175) 14 [8-28] 23 [9-35] 0.109
LOS of PICU (day), median [IQR] 6 [3-10] 9 [4-14] 0.002
Duration of mechanical ventilation, median [IQR] 4 [2-8] 5 [2-9] 0.117
Discharge PCPC rating, n (%) <0.001

Good 82 (44.6) 18 (15.7)

Mild disability 47 (25.5) 17 (14.8)

Moderate disability* 22 (12.0) 15 (13.0)

Severe disability* 17 (9.2) 13 (11.3)

Vegetative state or coma* 14 (7.6) 30 (26.1)

Death* 2(1.1) 22 (19.1)

*, unfavorable functional outcome is defined as PCPC scale ratings of moderate disability, severe disability and vegetative state or coma,
death. PCPC scores assigned as: 1, good; 2, mild disability; 3, moderate disability; 4, severe disability; 5, vegetative state or coma; 6,
death. LOS, length of stay; IQR, interquartile range; PICU, pediatric intensive care unit; PCPC, pediatric cerebral performance category.
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Figure S1 ROC curve analyses of glucometabolic trends and unfavorable PCPC outcome. (A) Initial Glucose in first 24 h (AUC =0.70,
odds ratio =1.18, 95% CI: 1.12-1.25, P<0.001, sensitivity/specificity =0.56/0.79, Youden index =0.36, glucose value =11.0 mmol/L). (B)
Initial lactate in first 24 h (AUC =0.65, odds ratio =1.26, 95% CI: 1.13-1.41, P<0.001, sensitivity/specificity =0.48/0.77, Youden index =0.26;
lactate value: 3.8 mmol/L). (C) Initdal pH in the first 24 h (AUC =0.59, odds ratio =0.06, 95% CI: 0.01-0.36, P=0.002, sensitivity/specificity
=0.45/0.81, Youden index =0.26; pH =7.292). PCPC, pediatric cerebral performance category; AUC, area under curve; CI, confidence

interval; ROC, receiver operating characteristic.
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Table S2 Multivariable analysis of admission lactate as a predictor of
unfavorable outcome* in the presence of admission hyperglycemia

Table S3 Multivariable analysis of admission acidosis as a predictor
of unfavorable outcome® in the presence of admission hyperglycemia

Adjusted odds ratio Adjusted

Adjusted Odds Ratio Adjusted

Variable (95% Cl) P value Variable (95% Cl) P value
Gender (male) 1.66 (0.973-2.848) 0.063 Gender (male) 1.61 (0.948-2.755) 0.078

Presence of Polytrauma 1.99 (1.183-3.355) 0.010 Presence of polytrauma 2.03 (1.213-3.424) 0.007

Presence of admission 4.48 (2.373-8.486) <0.001 Presence of admission 4.90 (2.652-9.053) <0.001

hyperglycemia hyperglycemia

Admission lactate 0.72 (0.420-1.255) 0.251 Admission pH <7.35 1.18 (0.703-1.981) 0.503

>2.0 mmol/L

Unfavorable functional outcome* defined as PCPC scale ratings
of moderate disability, severe disability and vegetative state or
coma, death. PCPC, pediatric cerebral performance category.
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Unfavorable functional outcome* defined as PCPC scale ratings
of moderate disability, severe disability and vegetative state or
coma, death. PCPC, pediatric cerebral performance category.
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