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Age-Specific Cerebral Perfusion Pressure
Thresholds and Survival in Children and
Adolescents With Severe Traumatic Brain Injury*
Baxter B. Allen, MD1; Ya-lin Chiu, MS2; Linda M. Gerber, PhD3; Jamshid Ghajar, MD, PhD3,4;
Jeffrey P. Greenfield MD, PhD5

Objectives: Evidence-based traumatic brain injury guidelines support cerebral perfusion pressure thresholds for adults at a class 2
level, but evidence is lacking in younger patients. The purpose of
this study is to identify the impact of age-specific cerebral perfusion pressure thresholds on short-term survival among patients
with severe traumatic brain injury.
Design: Institutional review board-approved, prospective, observational cohort study.
Setting: Level I or II trauma centers in New York State.
Patients: Data on all patients with a postresuscitation Glasgow
Coma Score less than 9 were added in the Brain Trauma Foundation prospective New York State TBI-trac database.
Measurements and Main Results: We calculated the survival rates
and relative risks of mortality for patients with severe traumatic brain
injury based on predefined age-specific cerebral perfusion pressure
thresholds. A higher threshold and a lower threshold were defined
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for each age group: 60 and 50 mm Hg for 12 years old or older, 50
and 35 mm Hg for 6–11 years, and 40 and 30 mm Hg for 0–5 years.
Patients were stratified into age groups of 0–11, 12–17, and 18 years
old or older. Three exclusive groups of CPP-L (events below low
cerebral perfusion pressure threshold), CPP-B (events between high
and low cerebral perfusion pressure thresholds), and CPP-H (events
above high cerebral perfusion pressure threshold) were defined. As
an internal control, we evaluated the associations between cerebral
perfusion pressure events and events of hypotension and elevated
intracranial pressure. Survival was significantly higher in 0–11 and
18 years old or older age groups for patients with CPP-H events
compared with those with CPP-L events. There was a significant
decrease in survival with prolonged exposure to CPP-B events for
the 0–11 and 18 years old and older age groups when compared
with the patients with CPP-H events (p = 0.0001 and p = 0.042,
respectively). There was also a significant decrease in survival with
prolonged exposure to CPP-L events in all age groups compared
with the patients with CPP-H events (p < 0.0001 for 0- to 11-yr olds,
p = 0.0240 for 12- to 17-yr olds, and p < 0.0001 for 18-yr old and
older age groups). The 12- to 17-year olds had a significantly higher
likelihood of survival compared with adults with prolonged exposure
to CPP-L events (< 50 mm Hg). CPP-L events were significantly
related to systemic hypotension for the 12- to 17-year-old group (p
= 0.004) and the 18-year-old and older group (p < 0.0001). CPP-B
events were significantly related to systemic hypotension in the 0- to
11-year-old group (p = 0.014). CPP-B and CPP-L events were significantly related to elevated intracranial pressure in all age groups.
Conclusions: Our data provide new evidence that cerebral perfusion pressure targets should be age specific. Furthermore, cerebral
perfusion pressure goals above 50 or 60 mm Hg in adults, above
50 mm Hg in 6- to 17-year olds, and above 40 mm Hg in 0- to 5-year
olds seem to be appropriate targets for treatment-based studies.
Systemic hypotension had an inconsistent relationship to events of
low cerebral perfusion pressure, whereas elevated intracranial pressure was significantly related to all low cerebral perfusion pressure
events across all age groups. This may impart a clinically important
difference in care, highlighting the necessity of controlling intracranial pressure at all times, while targeting systolic blood pressure in
specific instances. (Pediatr Crit Care Med 2014; 15:62–70)
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T

raumatic brain injury (TBI) is the leading cause of death
and disability in children 1–19 years old (1–5). The economic impact of TBI exceeds $2.5 billion annually in
direct costs alone. Acute management of severe TBI currently
focuses on monitoring intracranial pressure (ICP) and cerebral
perfusion pressure (CPP) in neurocritical ICUs. No evidence has
demonstrated that any specific pharmacologic therapies decrease
morbidity or mortality in children with these injuries (6).
It is well established that secondary brain injury occurs in
the setting of increased ICP and decreased cerebral perfusion
(7). Therefore, management of patients with severe TBI has
focused on decreasing ICP and optimizing CPP (8, 9). Current
evidence-based TBI guidelines support ICP and CPP thresholds for adults at a class 2 level; a sustained CPP between 50
and 70 mm Hg or an ICP maintained below 20 mm Hg have
been associated with favorable outcomes (10, 11). Although
multiple studies have shown better outcomes and lower mortality with CPP greater than 60, 70, or 80 mm Hg, other studies
have shown no benefit to maintaining higher CPP (12–18).
The 2012 Brain Trauma Foundation recommendations
for the pediatric population were based on level III evidence,
endorse maintaining CPP above 40 mm Hg in patients of all
ages, and suggest that an age-related continuum between 40
and 65 mm Hg may exist (19, 20). However, no age-specific
pediatric CPP thresholds have been determined. Wide variations of normal blood pressure (BP) and CPP exist across
childhood due to changes in cerebrovascular autoregulation
and normal development. Translating static adult ICP and CPP
thresholds into treatment guidelines for children of widely
varying age may be inconsistent physiologically. Multiple studies have shown that CPP below 40 mm Hg in all ages is associated with significantly poorer outcome and higher mortality
(21, 22). Additionally, CPP above 50 mm Hg has been associated with increased survival in patients older than 10 in one
study and in noninfant patients in another (23, 24). One other
recent study has shown a correlation between poor outcome
with initial CPP below 40 mm Hg and a good outcome with
initial CPP above 60 mm Hg but less than 70 mm Hg (25).
Recent studies provide further evidence for an age-related
CPP continuum, but they are based on small sample sizes.
One study found a significant difference in mean CPP over the
first 6 hours of monitoring between patients with good and
poor outcomes in children aged 2–16 (26). Investigators also
reported an age-related difference in mean CPP over this time
period, suggesting that CPP targets should vary with age. Study
investigators were unable, however, to make recommendations
for target CPP values. An additional study found that multiple episodes of CPP below 45 mm Hg in children 2 years and
younger were associated with unfavorable outcome but only
contained 22 patients (27). Finally, a recent study used a derived
measure of time and depth below CPP thresholds, applying the
lowest age-acceptable mean arterial blood pressure (MAP) as
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a threshold (48 mm Hg for 2- to 6-yr olds, 54 mm Hg in 7- to
10-yr olds, and 58 mm Hg in 11- to 15-yr olds), to examine the
relationship with outcome. They determined that the combination of longer time and further depth below thresholds correlated with poor outcome but were unable to determine if the
thresholds used were meaningful themselves (28).
To examine the relationship between minimum CPP
thresholds and mortality rates in age-grouped pediatric TBI
populations, we used data from the Brain Trauma Foundation’s
prospective database of patients with severe TBI, the New York
State TBI-trac. The purpose of this study is to identify the
impact of age-specific CPP thresholds on short-term survival
among patients with severe TBI.

METHODS
TBI-Trac Database
As part of a quality improvement initiative established in 2000
for patients with severe TBI, the Brain Trauma Foundation
designed and implemented a program, funded by the New York
State Department of Health, Division of Healthcare Financing
and Acute and Primary Care reimbursement. The program uses
an online Internet database, TBI-trac, to collect data on patients
with severe TBI. This database is used by trauma centers for the
purpose of tracking compliance with established guidelines and
also as a prospective database to test hypotheses that could have
evidence-based impact on improving TBI guidelines. Age-specific thresholds for CPP, ICP, and SBP, based on evidence presented in Brain Trauma Foundation guidelines from 2000, were
built into the database (29). This database contains clinical information from prehospital sources, emergency departments, the
first 10 days in the ICU, and 2-week mortality data from 22 of the
46 designated trauma centers in New York State. Of these 22 sites,
20 are level I trauma centers and two carry a level II trauma center designation. All trauma centers were voluntary participants in
the prospective quality assurance program and database and treat
severe TBI patients. This report is based on patients treated in
these trauma centers between June 6, 2000, and August 21, 2008.
Study Population
The TBI-trac database contains all patients with isolated severe
TBI or multitrauma TBI who meet the following criteria: arrival
at the participating level I or II trauma center within 24 hours of
injury with a Glasgow Coma Score (GCS) less than 9, including a
GCS motor score less than 6 for at least 6 hours after injury and
after appropriate resuscitation efforts. Patients with severe TBI
who died in the emergency department or were admitted with
the diagnosis of brain death were not eligible for enrollment in
the database study. Nonpharmacologically paralyzed patients, on
day 1 or 2 following trauma, with GCS of 3 or 4 and with fixed
and dilated pupils were recorded but excluded from data analysis,
due to their overall poor prognosis. Patients were stratified into
age groups of 0–5, 6–11, 12–17, and 18 years old or older.
CPP Threshold Derivation
CPP, a global measure of blood flow to the brain, is derived
by subtracting ICP from MAP. CPP thresholds prospectively
www.pccmjournal.org
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defined in the database were extrapolated from populationbased, age-adjusted BP values (29). A higher threshold and a
lower threshold were defined for each age group: 60 and 50 mm
Hg for 12 years old or older, 50 and 35 mm Hg for 6–11 years
old, and 40 and 30 mm Hg for 0–5 years old. Trauma centers
participating in the TBI-trac database recorded the total number of hours patients were below these thresholds on each ICU
day; how frequently a variable was recorded in each center’s
record to derive this total was determined by individual ICU
policies. In this study, total hours below these thresholds during
ICU days were calculated. Then, CPP-L events were defined as
CPP dropping below the lower threshold for each age group at
any time during ICU stay. CPP-B events were defined as events
below the high threshold but not below the low threshold (i.e.,
events of CPP between the high and low threshold) for any
time during the ICU stay. Otherwise, monitored time without
events below either threshold were defined as CPP-H events
(i.e., above the high threshold). All three groups were exclusive.
If a patient had any unrecorded hours over the period identified, we assumed they were in CPP-H event group.

test was used to compare survival curves between total hours
of exposure to CPP-B, CPP-L, and CPP-H. All p values were
two sided and unadjusted for multiple comparisons. Readers
concerned with multiple comparisons (e.g., pairwise comparisons among CPP-B, CPP-L, and CPP-H) may wish to evaluate
statistical significance at a modified α level of 0.05/3 comparisons = 0.017 based on Bonferroni method. All analyses were
performed in SAS Version 9.2 (SAS Institute, Cary, NC).

Mortality
Survival or mortality was recorded as the study endpoint at 14
days post injury.

Demographics
A total of 2,641 patients were entered into the database during
the study period, of which 2,074 met all inclusion and exclusion criteria (Fig. 1). The characteristics of the study population are detailed in Table 1. The 0- to 5-year-old group included
55 patients; the 6- to 11-year-old group included 65 patients;
the 12- to 17-year-old group included 197 patients; and the
18-year-old and older group included 1,757 patients. The
median admission GCS score was 4 in patients 0–5 years old
and 5 in patients 6 years old and older. BP, ICP, and CPP monitoring was initiated as dictated by protocol of the admitting
hospital, resulting in 14,893 total hours of patient monitoring.

Hypotension
The Brain Trauma Foundation’s TBI-trac database tracked
total time per day patients spent below the SBP thresholds
established based on the recommendations in previous guidelines: SBP less than 90 mm Hg in patients 12 years old and
older, SBP less than 80 mm Hg in patients 6–11 years old, SBP
less than 75 mm Hg for patients 1–5 years old, and SBP less
than 65 mm Hg for patients less than 1 year old. As an internal
control, we evaluated the association between events of CPP at
different thresholds and events of hypotension.

Study Oversight
The research protocol was approved by the institutional review
boards of each of the participating centers. The database was
de-identified, thereby ensuring confidentiality for the datasets at each institution. All patient data and outcomes were
recorded from the patient medical records and entered directly
into TBI-trac by the trained trauma nurse coordinator at each
of the participating centers and kept electronically behind a
secure, password and firewall-protected server.

RESULTS

Elevated ICP
The Brain Trauma Foundation’s TBI-trac database tracked
total time per day patients spent with elevated ICP: ICP greater
than 25 mm Hg at any time during ICU stay in patients 1 year
old and older and ICP greater than 20 mm Hg in patients 0–1
year old. As an internal control, we evaluated the association
between events of CPP at different thresholds and events of
elevated ICP.
Statistical Analysis
Patient characteristics were described as standard summary
statistics—mean and sd, median and range for continuous
variables and percentage for categorical variables. The chisquare or Fisher exact test, wherever applicable, was used to
evaluate the association between two categorical variables. In
addition to p value, the relative risk and 95% CIs were reported
as risk of events (e.g., mortality, hypotension, and elevated
ICP) relative to CPP thresholds. The CPP-H group was used
for reference. The Kaplan-Meier method was used to calculate
survival probabilities and survival function, and the log-rank
64
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Figure 1. Database screening. 1Not pharmacologically paralyzed.
2
Included in sensitivity analysis; data missing for arrival time at trauma
center, time of trauma, or arrival time recorded as before trauma time.
3
Of 2,074 patients, 14 patients do not have outcome data; included in
sensitivity analysis. GCS = Glasgow Coma Score.
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Table 1.

Patient Demographics by Age Group
Age Group

Characteristic

0–5 Yr Old

n
Age, yr

a

Male, %
Admission Glasgow Coma Score

b

Time to admission, hra

6–11 Yr Old

12–17 Yr Old

55

65

2.1 (1.4)

8.4 (1.7)

15.3 (1.6)

40.5 (19.0)

66

63

70

77

4 (3–15)

5 (3–14)

5 (3–14)

2.36 (2.13)

1.92 (1.75)

197

≥ 18 Yr Old

1,757

5 (3–15)

1.84 (2.36)

1.71 (2.51)

Mechanism of injury, %
 Falls
 Motor vehicle accident
 Assault
 Other
Mortality, %

9 (16.7)

6 (9.2)

12 (6.1)

391 (22.4)

12 (22.2)

25 (38.5)

86 (43.7)

607 (34.8)

4 (7.4)

0 (0)

5 (2.5)

127 (7.3)

29 (53.7)

34 (52.3)

94 (47.2)

622 (35.6)

16.4

15.4

13.7

19.1

Mean with sd in parentheses.
b
Median with range in parentheses.
a

The mechanism of injury included falls, motor vehicle accidents, assaults, and others. Of 2,074 patients (18.4%), 382
patients died within 2 weeks, and the mortality ranged from
13.7% to 19.1% across the four age groups.
Note that 41 of 2,641 patients (1.9%) were excluded from
the study population due to errors in the reporting of their
arrival or trauma time, which made determining their eligibility impossible. There were no significant differences in baseline
characteristics between the included and excluded patients. In
addition, of 2,074, there were missing outcome data for 14
patients that met criteria (0.7%) and were not included in
the analysis. A sensitivity analysis confirmed that the exclusions of these 55 patients, all from the 18-year-old and older
age group, did not influence the magnitude or direction of the
reported effects for survival and CPP thresholds (p remained
< 0.0001) or for risk of mortality by hours below CPP thresholds
(p remained < 0.0001).
CPP and Survival
The relationship between any CPP events and 14-day survival
is shown in Table 2. The 0- to 5-year-old and 6- to 11-yearold age groups combined after preliminary statistical analysis
suggested inadequate power based on crude patient volume.
When compared, the two groups were found to have similar
survival at both thresholds (Supplemental Appendix A, Supplemental Digital Content 1, http://links.lww.com/PCC/A74).
In patients 0–11 years old, there was a statistically significant
difference in survival rate between patients with CPP-H events
and those with any CPP-L events (91.4% vs 30.0%, respectively,
p < 0.0001). In patients 12–17 years old, there was not a significant difference in survival between patients with CPP-H events
and those with any CPP-L events (87.7% vs 80.8%, respectively, p = 0.32). In patients 18 years old and older, survival
rate was significantly higher for patients with CPP-H events
Pediatric Critical Care Medicine

compared with those with any CPP-L events (84.0% vs 62.3%,
respectively, p < 0.0001). There was no significant difference in
survival rate for patients with CPP-B events when compared
with patients with CPP-H events at any age group.
Kaplan-Meier method plots for survival probabilities over
cumulative hours of exposure to CPP-H, CPP-B, and CPP-L
are shown in Figure 2. Compared with exposure to CPP-H,
there was a significant difference in survival curves in patients
0–11 years old in both CPP-B and CPP-L event groups
(p = 0.0001 and p < 0.0001, respectively), in patients 12–17
years old for the CPP-L event group (p = 0.024), and in patients
18 years old and older in both CPP-B and CPP-L event groups
(p = 0.042 and p < 0.0001, respectively). There was no difference in survival curves for patients 12–17 years old in the
CPP-B event group. Within the age groups, there was a significant difference in the survival curves between CPP-B and
CPP-L in patients 12–17 years old and in patients 18 years old
and older (p = 0.011 and p < 0.0001, respectively) but not in
patients 0–11 years old (p = 0.42).
Additionally, we compared survival curves between patients
12–17 years old and patients 18 years old and older for cumulative exposure to CPP-L (i.e., total time CPP < 50 mm Hg). We
found there was a significance difference, with the adolescent
patients having comparatively better survival (p = 0.043).
CPP and Hypotension
The relationship between any CPP events and hypotension is
shown in Table 3. Compared with the CPP-H group, hypotensive events were significantly more likely to occur for patients
0–11 years old in the CPP-B group (35% vs 14%, respectively,
p = 0.01), for patients 12–17 years old in the CPP-L group
(39% vs 14%, respectively, p = 0.004), and for patients 18 years
old and older in the CPP-L group (44% vs 27%, respectively,
p < 0.0001).
www.pccmjournal.org
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Table 2. Relationship Between Mortality and Cerebral Perfusion Pressure Thresholds
by Age Group
CPP Thresholds

Survivors (n = 1,681)

Nonsurvivors (n = 379)

pa

Relative Risk (95% CI)

0–11 yr old
101

 n

19

b

 CPP-H events

74 (91.4)

7 (8.6)

Reference

 CPP-B events

c

24 (82.8)

5 (17.2)

1.99 (0.58, 5.80)

0.29

d

3 (30.0)

7 (70.0)

8.10 (3.58, 18.31)

< 0.0001

 CPP-L events
12–17 yr old

170

17

50 (87.7)

7 (12.3)

Reference

 CPP-B eventsc

78 (88.6)

10 (11.4)

0.93 (0.37, 2.29)

0.87

 CPP-L eventsd

42 (80.8)

10 (19.2)

1.57 (0.64, 2.81)

0.32

 n
 CPP-H events

b

≥ 18 yr old
1,410

 n

701 (84.0)

134 (16.1)

Reference

c

562 (83.6)

110 (16.4)

1.02 (0.81, 1.28)

0.87

d

147 (62.3)

89 (37.7)

2.35 (1.88, 2.95)

< 0.0001

 CPP-H events
 CPP-B events
 CPP-L events

333

b

CPP = cerebral perfusion pressure, CPP-H = high CPP threshold, CPP-B = total time between CPP threshold, CPP-L = total time below the low CPP
threshold.
a
Calculated from chi-square test.
b
CPP > 40 mm Hg for 0–5 yr old, > 50 mm Hg for 6–11 yr old, and > 60 mm Hg for > 12 yr old.
c
CPP 30–40 mm Hg for 0–5 yr old, 35–50 mm Hg for 6–11 yr old, and 50–60 mm Hg for > 12 yr old.
d
CPP < 30 mm Hg for 0–5 yr old, < 35 mm Hg for 6–11 yr old, and < 50 mm Hg for > 12 yr old.

CPP and Elevated ICP
The relationship between any CPP events and elevated ICP
is shown in Table 4. Events of elevated ICP were significantly
more likely to occur for both patients with CPP-B and CPP-L
events in all age groups (p < 0.0001 in all groups) compared
with those in the CPP-H group. The percentage of patients
with elevated ICP was highest in patients with CPP-L events
and lowest in patients with CPP-H events.

DISCUSSION
Implications for Current Therapy
Our data provide new evidence that CPP targets should be age
specific. Although the direct comparison did not show a significant difference in survival for patients using 40 mm Hg for
0- to 5-year olds and 50 mm Hg for 6- to 17-year olds, there
was a significant risk of death with prolonged exposure to time
below these thresholds, as demonstrated by the significant difference in survival with prolonged exposure to a CPP below
these thresholds. Based on these data, CPP goals above 50 or
60 mm Hg in adults, above 50 mm Hg in 6- to 17-year olds, and
above 40 mm Hg in 0- to 5-year olds appear to be appropriate targets for treatment-based studies. Although the data were
less conclusive for 12- to 17-year olds, there was still a clear
association between total time with CPP below 50 mm Hg and
survival probability, suggesting this is an appropriate target for
66
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treatment-based studies in this age group. There was no a clear
relationship between CPP and systemic hypotension, whereas
elevated ICP was related to all instances of low CPP. This likely
represents the necessity for individualized care in severe TBI
patients; although it is clear ICP should always be controlled,
BP requirements are likely to be evaluated on a patient-bypatient basis.
It is less clear how to achieve adequate CPP without causing
secondary harm. Liberal use of volume expansion and vasoconstricting agents to maintain CPP above 70 mm Hg carries
a higher risk of acute respiratory distress syndrome in adults
(18, 30). There is also evidence that strict CPP-guided therapy
may not be the best surrogate of cerebral blood flow and oxygenation (31). Optimal CPPs appear to depend on the integrity of individual’s cerebrovascular autoregulation systems and
measured pressure reactivity (32–35). However, the technology
used to assess pressure reactivity, that is, transcranial Doppler,
currently is not suited to constant monitoring or widespread
use (36).
Less is known about cerebrovascular autoregulation in the
pediatric TBI population, but impaired autoregulation is associated with poor outcome and survival (37–40). As in adults,
assessment of cerebral autoregulation and pressure reactivity may allow for the determination of optimal CPP (37, 38).
Although the effects of vasoconstricting agents and volume
expansion in adult TBI patients have been examined, less
January 2014 • Volume 15 • Number 1
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Figure 2. A–C, Kaplan-Meier survival plots for total monitored time above the high cerebral perfusion pressure (CPP) threshold (CPP-H, continuous
line), total time between CPP thresholds (CPP-B, dotted line), and total time below the low CPP threshold (CPP-L, dashed line) at each age group.
CPP-H = above 40 mm Hg for 0- to 5-yr olds, above 50 mm Hg for 6- to 11-yr olds, and above 60 mm Hg for 12-yr olds and older. CPP-B = between
30 and 40 mm Hg for 0- to 5-yr olds, between 35 and 50 mm Hg for 6- to 11-yr olds, and between 50 and 60 mm Hg for 12-yr olds and older. CPP-L =
below 30 mm Hg for 0- to 5-yr olds, below 35 mm Hg for 6- to 11-yr olds, and below 50 mm Hg for 12-yr olds and older. D, Kaplan-Meier survival plot for
time below 50 mm Hg for the 12- to 17-yr-old age group (continuous line) and the 18-yr-old and older age group (dashed line).

is known about the effects of various techniques to improve
BP and CPP in children. One recent study found a clinically
important trend in the effects of norepinephrine compared
with dopamine, phenylephrine, and epinephrine on both CPP
and ICP values, which warrants further attention (41).
This study, with 317 patients under the age of 17, is the largest to analyze survival outcomes in severe pediatric TBI. Multiinstitutional collaboration and prospective data collection
provide further strength to our statistical analysis. By defining age-specific CPP thresholds before collecting the data, we
removed a major potential bias from the data review.
Implications for Future Research
This study highlights the necessity of multicenter collaborations in analyzing data on relatively rare events, such as pediatric severe TBI. We suggest that multistate collaborations
similar to the initiative taken by New York State will provide
even more robust data and allow for the successful tracking
and implementation of care guidelines. Further prospective
Pediatric Critical Care Medicine

analysis of long-term outcomes in this patient population
should be performed based on these thresholds, with particular attention paid to the adolescent age group.
Although recent studies have examined outcomes of
pediatric patients using ICP- or CPP-targeted approaches,
they have been small and have been statistically inconclusive
(42, 43). In addition to larger randomized blinded studies
examining the effectiveness of ICP versus CPP-guided therapy,
further research is needed to elucidate the connection between
cerebral blood flow variables and brain tissue oxygenation. It
is also clear, as has been previously described, that there is a
2D nature to these insults, and both the duration and depth
of insult to CPP have an important impact on outcome (28).
Limitations
Our outcome assessments are limited by the fact that we only
tracked short-term mortality rather than long-term measures.
Other limitations include rare instances of incomplete data
recording and data collected only on dichotomous variables.
www.pccmjournal.org
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Table 3. Relationship Between Hypotension and Cerebral Perfusion Pressure Thresholds
by Age Group
Hypotensiona
CPP Thresholds

pb

No (n = 1,481)

Yes (n = 593)

Relative Risk (95% CI)

96

24

 CPP-H eventsc

70 (86.4)

11 (13.6)

 CPP-B events

d

19 (65.5)

10 (34.5)

2.54 (1.21, 5.34)

0.01

e

7 (70.0)

3 (30.0)

2.21 (0.74, 6.60)

0.18

0–11 yr old
 n

 CPP-L events

Reference

12–17 yr old
152

45

c

49 (86.0)

8 (14.0)

d

71 (80.7)

17 (19.3)

1.38 (0.64, 2.98)

0.41

e

32 (61.5)

20 (38.5)

2.74 (1.32, 5.68)

0.004

 n
 CPP-H events
 CPP-B events
 CPP-L events

Reference

≥ 18 yr old
1,233

524

 CPP-H eventsc

621 (73.4)

225 (26.6)

 CPP-B eventsd

480 (71.2)

194 (28.8)

1.08 (0.92, 1.27)

0.34

 CPP-L eventse

132 (55.7)

105 (44.3)

1.67 (1.39, 2.00)

< 0.0001

 n

Reference

CPP = cerebral perfusion pressure, CPP-H = high CPP threshold, CPP-B = total time between CPP threshold, CPP-L = total time below the low CPP
threshold.
a
SBP < 65 mm Hg for 0–1 yr old, < 75 mm Hg for 1–5 yr old, < 80 mm Hg for 6–11 yr old, and < 90 mm Hg for > 12 yr old.
b
Calculated from chi-square test.
c
CPP > 40 mm Hg for 0–5 yr old, > 50 mm Hg for 6–11 yr old, and > 60 mm Hg for > 12 yr old.
d
CPP 30–40 mm Hg for 0–5 yr old, 35–50 mm Hg for 6–11 yr old, and 50–60 mm Hg for > 12 yr old.
e
CPP < 30 mm Hg for 0–5 yr old, < 35 mm Hg for 6–11 yr old, and < 50 mm Hg for > 12 yr old.

Automated data collection software can provide the ability to
continuously record variables but was not available in this study.
The study was done, in part, to test the adherence of trauma
centers to treatment guidelines. However, we did not track
the specific treatments and interventions performed on each
patient in response to specific clinical scenarios. In addition, the
effects of assault and multisystem trauma on survival were not
examined. Although it is widely accepted that morbidity and
mortality rates associated with nonaccidental trauma (NAT)
in children are higher than those associated with accidental
trauma, it is likely that this is due to the severity of the injuries
rather than the mechanism themselves (44–46). As our study
was not aimed at differentiating outcome based on mechanism
of injury, children with NAT were not analyzed separately from
the rest of the study population.
Our pediatric age groups were defined based on approximate ranges of adolescence versus preadolescence, but pubertal
status of these patients was not recorded. Our 0- to 11-yearold group was initially stratified into two separate groups (0–5
and 6–11) based on expected differences in physiology. These
groups were combined in the final analyses due to similar
results between the two groups with respect to survival at both
thresholds.
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Nonpharmacologically paralyzed patients, on day 1 or 2 following trauma, with GCS of 3 or 4 and with fixed and dilated
pupils were excluded from data analysis due to their overall poor
prognosis (47–50). Although there is some evidence that these
patients will also benefit from aggressive treatment, multiple
studies have shown mortality rates approaching 100% in these
patients (51, 52). No analysis was done with these patients, as their
very high mortality rate would have likely led to a skewed result.

CONCLUSION
Management of CPP in severely brain-injured patients plays
an important role in short-term survival. CPP targets should
be age specific. Our data show decreased survival in patients 18
years old and older who experience prolonged CPP below 50
or 60 mm Hg, in patients 6–17 years old with prolonged CPP
below 50 mm Hg, and in patients 0–5 years old with prolonged
CPP below 40 mm Hg.
Furthermore in our study, systemic hypotension had an
inconsistent relationship to events of low CPP, whereas elevated ICP was significantly related to all low CPP events across
all age groups. This may impart a clinically important difference in care, highlighting the necessity of controlling ICP at all
times, while targeting SBP in specific instances.
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Table 4. Relationship Between Elevated Intracranial Pressure and Cerebral Perfusion
Pressure Thresholds by Age Group
Elevated Intracranial Pressurea
CPP Thresholds

No (n = 1,292)

Yes (n = 782)

pb

Relative Risk (95% CI)

0–11 yr old
70

 n

50

 CPP-H eventsc

62 (76.5)

19 (23.5)

d

Reference

 CPP-B events

7 (24.1)

22 (75.9)

3.23 (2.08, 5.04)

< 0.0001

 CPP-L events

e

1 (10.0)

9 (90.0)

3.84 (2.46, 5.98)

< 0.0001

12–17 yr old
91

 n

106

c

53 (93.0)

4 (7.0)

d

 CPP-B events

30 (34.1)

58 (65.9)

9.39 (3.61, 24.45)

< 0.0001

 CPP-L events

e

8 (15.4)

44 (84.6)

12.06 (4.65, 31.24)

< 0.0001

 CPP-H events

Reference

≥ 18 yr old
1,131

626

 CPP-H eventsc

783 (92.6)

63 (7.5)

Reference

 CPP-B eventsd

283 (42.0)

391 (58.0)

7.79 (6.09, 9.96)

< 0.0001

 CPP-L eventse

65 (27.4)

172 (72.6)

9.75 (7.59, 12.52)

< 0.0001

 n

CPP = cerebral perfusion pressure, CPP-H = high CPP threshold, CPP-B = total time between CPP threshold, CPP-L = total time below the low CPP
threshold.
a
Intracranial pressure > 20 mm Hg for 0–1 yr old and > 25 mm Hg for > 1 yr old.
b
Calculated from chi-square test.
c
CPP > 40 mm Hg for 0–5 yr old, > 50 mm Hg for 6–11 yr old, and > 60 mm Hg for > 12 yr old.
d
CPP 30–40 mm Hg for 0–5 yr old, 35–50 mm Hg for 6–11 yr old, and 50–60 mm Hg for > 12 yr old.
e
CPP < 30 mm Hg for 0–5 yr old, < 35 mm Hg for 6–11 yr old, and < 50 mm Hg for > 12 yr old.
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