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TraumaTic brain injury (TBI) remains a lethal injury 
with mortality rates as high as 50%.5,8,12,18 In the 
United States, approximately 1.5 million people 

sustain TBI annually, resulting in over 50,000 deaths and 
500,000 individuals with permanent neurological sequel-
ae.24,26 Approximately 85% of mortality from TBI occurs 
within the first 2 weeks, reflecting the early effect of sys-
temic hypotension and intracranial hypertension (ICH).22

Prospective databases have played an important role 
in understanding the natural history, definition, assess-

ment, prognosis, and outcome of TBI.6,9,17,19 The knowl-
edge of TBI gained from these registries resulted in a 
number of large pharmaceutical trials that attempted to 
translate promising results from the laboratory and pre-
clinical trials into clinical practice. However, all of these 
pharmaceutical trials for TBI failed to demonstrate ef-
ficacy in reducing mortality.21

The failed pharmaceutical trials and widely hetero-
geneous TBI care across North America13 led a group of 
neurosurgeons and TBI experts to critically review and 
grade the existing evidence on the treatment of TBI us-
ing the process of evidence-based medicine. This work 
resulted in the 1996 publication of the first edition of the 
Guidelines for the Management of Severe Head Injury14 
by the Brain Trauma Foundation in collaboration with 
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eled in a 2-level hierarchical model using generalized linear mixed effects to allow for clustering by different centers.

Results. From 2001 to 2009, the case-fatality rate decreased from 22% to 13% (p < 0.0001), a change that 
remained significant after adjusting for factors that independently predict mortality (adjusted OR 0.52, 95% CI 0.39–
0.70; p < 0.0001). Guidelines adherence increased, with the percentage of patients with ICP monitoring increasing 
from 56% to 75% (p < 0.0001). Adherence to cerebral perfusion pressure treatment thresholds increased from 15% 
to 48% (p < 0.0001). The proportion of patients having an ICP elevation greater than 25 mm Hg dropped from 42% 
to 29% (p = 0.0001).

Conclusions. There was a significant reduction in TBI mortality between 2001 and 2009 in New York State. 
Increase in Guidelines adherence occurred at the same time as the pronounced decrease in 2-week mortality and 
decreased rate of intracranial hypertension, suggesting a causal relationship between Guidelines adherence and im-
proved outcomes. Our findings warrant future investigation to identify methods for increasing and sustaining adher-
ence to evidence-based Guidelines recommendations.
(http://thejns.org/doi/abs/10.3171/2013.8.JNS13276)
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Abbreviations used in this paper: CI = confidence interval; CPP 
= cerebral perfusion pressure; GCS = Glasgow Coma Scale; ICH = 
intracranial hypertension; ICP = intracranial pressure; OR = odds 
ratio; SBP = systolic blood pressure; TBI = traumatic brain injury. 
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the American Association of Neurological Surgeons. The 
most recent iteration of these Guidelines was published in 
2007 (referred to in this paper as the “Guidelines”).1

In 2001 the New York State Department of Health 
approved a demonstration project to provide increased 
Medicaid funding to trauma centers that participated in 
a program to increase Guidelines adherence. The Brain 
Trauma Foundation designed and implemented a pro-
gram to collect prospective data on patients with severe 
TBI. The purpose of the project was to disseminate and 
promote the use of the Guidelines in Level I and II trau-
ma centers in New York and to measure the relationship 
between adherence to the Guidelines and outcomes. A 
focus was to increase adherence to the Guidelines rec-
ommendations for when to place an intracranial pressure 
(ICP) monitor and for ICP and cerebral perfusion pres-
sure (CPP) management, as well as adherence to other 
recommendations that had Class 1 or Class 2 support-
ing evidence. Trauma centers that signed a participation 
agreement with the Brain Trauma Foundation committed 
to abstract data from medical records for patients who 
met predetermined eligibility criteria and to enter data 
into the Brain Trauma Foundation database, TBI-trac. 
They also agreed to convene a multidisciplinary team 
on a quarterly basis to review reports provided by the 
foundation, and act accordingly to implement improve-
ments in patient practice. In exchange, the Brain Trauma 
Foundation agreed to provide quarterly reports, including 
“compliance scoring” relative to the recommendations 
contained in the Guidelines. The foundation also agreed 
to provide training and full access to the continuing edu-
cation portion of its website. Upon confirmation from the 
foundation that a hospital signed the contract for a given 
year, the New York State Department of Health increased 
the hospital’s Medicaid payment rate for that year.

Recent publications from the TBI-trac database dem-
onstrate that 1) mortality rates are higher in patients with 
severe TBI treated without ICP monitors than in those 
with monitoring;10 2) response to ICP treatment signifi-
cantly predicts reduction in mortality;11 3) adherence to 
the nutrition recommendations in the Guidelines signifi-
cantly improves outcomes;16 and 4) direct transport of se-
vere TBI patients to a Level I or Level II trauma center 
reduces mortality.15

The primary goals of the current study were to ana-
lyze 2-week mortality due to severe TBI between 2001 
and 2009 in New York State and to examine the trends in 
adherence to the Guidelines.

Methods

The TBI-Trac Database

As stated, as part of a quality improvement initiative, 
the Brain Trauma Foundation designed and implemented 
a program, funded by the New York State Department 
of Health. The program uses an online Internet database, 
TBI-trac, to collect data on patients with severe TBI to be 
used by trauma centers to track adherence to the Guide-
lines and as a prospective database to test hypotheses that 
could improve the Guidelines. This database contains clin-

ical information from prehospital sources, the emergency 
department, the first 10 days in the intensive care unit, and 
2-week mortality data from 22 of the 46 designated trauma 
centers in New York State. Of the 22 participating sites, 20 
are Level I trauma centers and 2 are Level II.

Hospitals volunteered to participate. Data from par-
ticipating trauma centers were entered by trained trauma 
nurse coordinators. This report is based on patients treat-
ed in these trauma centers between January 1, 2001, and 
December 31, 2009. The research protocol was approved 
or deemed exempt from review by the institutional review 
boards of each of the participating centers. In compliance 
with Health Insurance Portability and Accountability Act 
regulations, the database refrains from the use of patient 
identifiers, thereby ensuring confidentiality for the data 
sets at each institution.

Study Population
The TBI-trac database includes data from cases of se-

vere TBI involving patients of any age who have isolated 
or multitrauma TBI and meet the following criteria: arrival 
at the participating trauma center within 24 hours of in-
jury and a Glasgow Coma Scale score (GCS) less than 9, 
with a GCS motor score less than 6 for at least 6 hours 
after injury and after resuscitation efforts, including airway 
management, ventilatory support, and circulatory support. 
The mechanism of injury had to be consistent with trau-
ma. Patients with severe TBI who died in the emergency 
department or were admitted with the diagnosis of brain 
death were excluded. Data pertaining to patients who were 
not paralyzed and had a GCS score of 3 or 4 with fixed 
and dilated pupils on Day 1 or 2 following trauma were 
recorded but excluded from analysis, since these patients 
were unlikely to benefit from ICP-lowering therapies.  

Adherence Measures
We used the recommendations of the Guidelines1 to 

investigate trends in adherence to the Guidelines. Adher-
ence was defined as follows: 

Intracranial Pressure Monitoring. An abnormal CT 
scan or at least 2 of 3 of the following criteria: age > 40, 
hypotension, or GCS motor score of 1, 2, or 3.

Intracranial Hypertension Treatment Threshold. An 
ICP > 25 mm Hg for at least 1 hour in patients who had 
an ICP monitor inserted during Day 1 or 2 following ad-
mission.

Treatments for ICH on Days 1 and 2. The adminis-
tration of at least 1 of the following ICP treatment regi-
mens in the first 2 days following admission: mannitol, 
hypertonic saline, barbiturates, drainage of cerebrospinal 
fluid, or decompressive craniectomy.

Cerebral Perfusion Pressure Treatment Thresholds. 
In patients with an ICP monitor: CPP ≥ 60 mm Hg every 
day if age ≥ 12 years; CPP ≥ 50 if age 6–11 years; CPP ≥ 
40 if age ≤ 5 years. The guideline for age ≥ 12 years was 
changed to 50–70 mm Hg in midyear 2008.

Hypotension Threshold. Systolic blood pressure 
(SBP) < 90 mm Hg for ages ≥ 12 years; SBP < 80 mm Hg 
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for ages 6–11 years; and SBP < 75 mm Hg for ages 1–5 
years on any day.

Steroid Medication. No administration of steroid 
med  ication on any day for severe TBI treatment.

Nutrition. Received the caloric intake of ≥ 25 kcal/
kg/day on any day by Day 7.

Statistical Analysis
Descriptive statistics were calculated for patient 

characteristics, and bar charts were plotted for trends in 
mortality, treatment, and ICP. Time periods were catego-
rized as 2001–2003, 2004–2006, and 2007–2009. The 
case-fatality rate for each time period was calculated as 
the total number of deaths divided by the total number 
of patients in the TBI-trac database multiplied by 100. 
The crude mortality rate for each year was calculated as 
the ratio of deaths for that year in the TBI-trac database 
to the New York State population in that same year per 
100,000. Expected deaths were calculated by multiplying 
the age-specific crude mortality rates by the age-specific 
population of the United States on June 1, 2000 (standard 
population). The summation of the expected number of 
deaths across all age groups, divided by the total standard 
population, constitutes the age-adjusted mortality rate for 
each year. The crude mortality rates per time period were 
calculated as the ratio of the average number of deaths 
to the average of the New York State population across 
years per 100,000. The final age-adjusted mortality rates 
per time period were calculated as the ratio of the aver-
age number of expected deaths across years to the stan-
dard population. The chi-square test was used to compare 
case-fatality, prevalence, and adherence rates between 
time periods (pairwise comparisons). In addition, uni-
variate and multivariate logistic regression analyses were 
performed to evaluate the effect of time period on case-
fatality. Covariates included in the multivariate model 
were age, hypotension status on Day 1, pupillary status 
on Day 1, initial GCS score, and CT scan results.

Patient-level ICP monitor insertion (1 = yes, 0 = no) 
was modeled in a 2-level hierarchical model using general-
ized linear mixed effects to allow for clustering by differ-
ent centers. (Patient-level refers to the unit of observation 
being at the patient level, as opposed to center level.) The 
fixed effects part of this mixed model had an intercept and 
slope to model the center-average (average across all cen-
ters) baseline effect (1st year ICP monitor insertion rate) 
and time trend, respectively. A random intercept was used 
to model heterogeneity of baseline ICP monitor insertion 
across centers and a random slope to model the heteroge-
neity of time trends across centers. Centers with less than 
10 qualifying cases (cases that met the inclusion criteria 
for this study) recorded in the TBI-trac database over the 
study period were excluded from this analysis. In addition, 
fixed and random effects were introduced for the quadratic 
term (for year), but the corresponding random effect was 
dropped as it was not significant. The variances of random 
effects, the estimates of fixed effects, and p values were re-
ported. The center-specific predicted probabilities as well 
as the center-average predicted probabilities for each year 

were calculated and plotted. Odds ratios (OR) and 95% 
confidence intervals (CI) from the logistic regression mod-
els were reported. All p values are 2-sided with statisti-
cal significance evaluated at the 0.05 alpha level. Analyses 
were performed in SAS version 9.2 (SAS Institute, Inc.).

Results
Characteristics of the Study Sample

Most of the trauma centers (90.9%) were Level I cen-
ters. An average of 261 cases per year were entered into 
the database. The volume of patients per center between 
2001 and 2009 ranged from 202 to 334.

Between January 1, 2001, and December 31, 2009, 
data for 2999 patients were entered into the database. Af-
ter exclusion criteria were applied, 2347 cases were eligi-
ble for analysis. Mortality data were missing for 27 (1.2%) 
of these 2347 cases. Thus, 2320 cases were included for 
the analyses of mortality.

The demographic and clinical characteristics of the 
study population are presented in Table 1. The patients’ 
mean age was 36.8 years (SD 20.6 years), and 76.3% were 
male. The admission GCS score was 3–5 in 50.7% of the 

TABLE 1: Characteristics of the study population*

Characteristic Total

no. of patients 2347
age in yrs
 mean ± SD 36.8 ± 20.6
 <18 336 (14.3%)
 ≥18 2011 (85.7%)
male sex 1791 (76.3%)
initial GCS score
 3–5 1178 (50.7%)
 6–8 1146 (49.3%)
hypotension present on Day 1
 yes 353 (15.3%)
 no 1955 (84.7%)
CT findings
 normal 404 (18.1%)
 abnormal 1827 (81.9%)
pupillary abnormalities
 yes 461 (20.0%)
 no 1850 (80.0%)
barbiturate use on Day 1 or 2
 yes 60 (2.6%)
 no 2270 (97.4%)
ICP monitoring on Day 1 or 2 1506 (64.2%)
type of ICP monitoring
 ventriculostomy only 1050 (69.7%)
 parenchymal only 416 (27.6%)
 other 14 (0.9%)
 >1 monitoring type 26 (1.7%)

* Values represent numbers of patients (%) unless otherwise indicated. 
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cases and 6–8 in 49.3%; 84% of the total patient group 
qualified for ICP monitoring according to recommenda-
tions in the Guidelines.

Mortality Trends From 2001 Through 2009
Age-adjusted severe TBI mortality rates from 2001 

through 2009 are displayed in Fig. 1 (left). Severe TBI 
mortality rates, for both unadjusted and adjusted mortali-
ty, declined by approximately 45% from 0.31 per 100,000 
population in 2001–2003, to 0.17 per 100,000 population 
in 2007–2009. Of patients in the 22 trauma centers being 
treated for severe TBI, the case-fatality rate (Fig. 1 right) 
decreased from 22.4% to 13.3% over the decade (crude 
OR 0.53, 95% CI 0.40–0.72; p < 0.0001). Between 2007 
and 2009, the rate was approximately half that of 2001–
2003. This decline in mortality remained after adjusting 
for factors that independently predict mortality (adjusted 
OR 0.52, 95% CI 0.39–0.70; p < 0.0001).

Trends in Guidelines Adherence Between 2001 and 2009
The proportion of patients who had an ICP monitor 

increased between 2000 and 2009 (Fig. 2 left). Where 
55.6% of patients had ICP monitoring between 2001 and 
2003, this percentage increased to 72.3% between 2004 
and 2006 and to 75.2% between 2007 and 2009 (p < 
0.0001). Additionally, there was a significant association 
(p = 0.0002) between mortality and ICP compliance such 
that mortality in the noncompliance group was 25.8% 
compared with 18.6% in the ICP compliance group. Over 
the decade, the proportion of patients having an ICP el-
evation greater than 25 mm Hg on either the 1st or 2nd  
day in the hospital dropped from 41.5% to 29.0% (p = 
0.0001, Fig. 2 right). Treatment for elevated ICP has been 

consistently high throughout the decade (Fig. 2 right). 
Adherence to CPP treatment thresholds increased over 
the decade, from 14.6% in the early part of the decade to 
48.2% by 2009 (p < 0.0001, Fig. 3A). Cerebral perfusion 
pressure management compliance was strongly related to 
decreases in ICH (Fig. 4). Adherence to the Guidelines 
recommendations for nutrition improved from 41.0% to 
50.1% over the decade (p = 0.005, Fig. 3B). Adherence 
to the Guidelines recommendations for steroids was high 
throughout the decade (Fig. 3C). The in-hospital rate of 
hypotension remained low from 2001 to 2009 (2001–
2003, 6.3%; 2004–2006, 6.5%; 2007–2009, 7.1%).

Variability of ICP Monitoring Between Centers From 2001 
Through 2009

All centers had increased probability of ICP moni-
tor insertion over the time period; however, the rate of 
increase tended to decrease over time with considerable 
heterogeneity in baseline and time trend across centers 
(Fig. 5). The fixed effect estimate of time (year: 0.39, p 
= 0.0002) depicting the center-average rate of increase of 
probability of ICP monitor insertion per year was signifi-
cant, implying that the center-average insertion rate in-
creased over the years. The fixed effect estimate for the 
quadratic term (year2: -0.03, p = 0.01) depicting the rate 
of increase of ICP insertion decreased over time. The 
baseline heterogeneity across centers (variance of random 
intercept) was 0.67 (p = 0.02 for testing different from 0) 
implying significant heterogeneity. The heterogeneity in 
time trend across centers (variance of random slope) was 
0.04 (p = 0.01 for testing difference from 0) implying that 
the trend of ICP monitor insertion rates was significantly 
different across centers. In other words, some centers 
had better improvement than others. Year 2002 had 44% 

Fig. 1. Graphs showing the change in crude and age-adjusted mortality rates (left) and case-fatality rates (right) over the 
study period. (For definitions of case-fatality and age-adjusted mortality rates, see Methods.) With respect to case-fatality, signifi-
cant differences were found between the rates for 2001–2003 and 2007–2009 (p < 0.0001) and between the rates for 2004–2006 
and 2007–2009 (p < 0.001). 
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higher odds of ICP monitor insertion compared with Year 
2001 (OR 1.44, 95% CI 1.35–1.54). Over the study period, 
Year 2009 had 4 times higher odds of ICP insertion com-
pared with Year 2001 (OR 4.10, 95% CI 2.79–6.03).

Discussion
This prospective database analysis from New York 

State demonstrates a remarkable decrease in age-adjust-
ed mortality among patients with severe TBI from 2001 
through 2009. This decline occurred within a quality 
improvement initiative undertaken by the Brain Trauma 
Foundation in New York. The main goal of the initiative 
was to increase adherence to the Guidelines for manage-
ment of severe TBI, which did occur. Most notable was a 
marked increase in adherence to ICP monitoring recom-

Fig. 2. Left: Graph showing change in prevalence of ICP monitor insertion. Significant differences were found between the 
rate for 2001–2003 and the rate for 2004–2006 (p < 0.0001) and between the rate for 2001–2003 and the rate for 2007–2009 (p < 
0.0001).  Right: Graph showing the prevalence of ICP elevation and treatment for ICH. Significant differences were found com-
paring rates for ICP elevation between 2001–2003 and 2007–2009 (p = 0.0001) as well as between 2004–2006 and 2007–2009 
(p = 0.0004). There were no significant differences in rates for treatment for ICH between time periods.

Fig. 3. Graphs showing rates of adherence to Guidelines.  A: Significant differences were found for adherence to the Guide-
lines with respect to CPP treatment thresholds between 2001–2003 and 2004–2006 (p < 0.0001), between 2001–2003 and 
2007–2009 (p < 0.0001), and between 2004–2006 and 2007–2009 (p < 0.0001).  B: Significant differences were found between 
2001–2003 and 2007–2009 (p = 0.005) for adherence to the nutrition guideline.  C: Significant differences were found between 
2004–2006 and 2007–2009 (p = 0.008) for adherence to the guideline regarding the use of steroid medication.
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mendations and a striking increase in adherence to CPP 
management recommendations. Concurrently there was a 
significant reduction in the rate of ICH.

Previous studies reported lower mortality and mor-
bidity rates when ICP monitoring was used in a protocol-
based manner in neurosurgical intensive care units.2 Evi-
dence in the past has been derived from meta-analyses of 
small retrospective studies or from larger databases that 
were not risk-adjusted to address the independent effect 

of ICP monitoring.25 A recent study by Chesnut et al.,7 
carried out in South America, found no 2-week mortality 
differences in an ICP-directed treatment protocol versus 
a CT/clinical signs–directed protocol. However, the study 
reported more ICU days and intensity of treatments in the 
CT/clinical indicator group, which would increase costs 
compared with the ICP-directed protocol. There was also 
a 2-fold increase in initial pupillary abnormalities in the 
South American study compared with this New York 

Fig. 4. Graph showing the prevalence of ICH by CPP adherence. Significant differences were found for the time periods 
2004–2006 (p < 0.0001) and 2007–2009 (p < 0.0001).

Fig. 5. Graph showing that the rate of ICP insertion increased over time and the rate of increase tended to decrease over time 
(year2: -0.03, p = 0.009). There was significant heterogeneity at baseline across centers (variance of random intercept = 0.73, 
p = 0.02). The trend with respect to ICP monitor insertion rates differed significantly across centers (variance of random slope = 
0.04, p = 0.01).
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State study, which could reduce protocol effectiveness. In 
addition, in New York State, ventricular ICP monitoring 
with drainage of cerebrospinal fluid was used in the ma-
jority of cases, and barbiturates were used rarely.

The current study demonstrates a significant associa-
tion between ICP compliance and reduced mortality. Con-
sistent with previous work from the Brain Trauma Founda-
tion’s TBI-trac database, patients of all ages treated with an 
ICP monitor in place had lower mortality rates at 2 weeks 
(p = 0.02) than those treated without an ICP monitor, after 
adjustment for parameters that independently affect mor-
tality.10 This finding suggests that treatment of suspected 
ICH without definitive information may actually be a risk 
factor for mortality, providing further evidence that infor-
mation from ICP monitoring improves the management of 
ICH in patients with severe TBI.27

These results strongly suggest a key role of CPP man-
agement in the reduction of mortality over time. Many 
studies have also shown a strong relationship between CPP 
thresholds and better outcomes with lower mortality.3,4,20,23 
When high ICP was detected, adherence to ICP treatment 
was consistently over 90% throughout this study. However, 
ICH was reduced (from 42% to 40% to 29%) when the CPP 
threshold rate improved (from 15% to 34% to 48%), indi-
cating that both ICP control and CPP control contributed 
to the reduction in mortality. These findings call for further 
investigation of specific, targeted treatment to manage CPP 
within recommended parameters.

On the other hand, our findings show significant 
variation across centers with respect to adherence to the 
Guidelines recommendations for ICP monitoring and also 
a consistently low adherence (across time, for all centers) 
to the Guidelines recommendations for nutrition. This is 
especially concerning since previous work has shown the 
importance of early nutrition in these patients.16 While 
the center variation may be due to small sample sizes at 
the center level, both findings call for closer attention to 
questions such as 1) what drives adherence to the Guide-
lines at the center level and 2) what further improvements 
in outcome would be observed with closer adherence to 
evidence-based treatments, like nutrition, that occur in 
less acute circumstances. These questions, and a con-
trolled study of CPP management, are important topics 
for future research.

Conclusions
There was a significant reduction in mortality over 

9 years among patients with severe TBI in New York 
State trauma centers as part of the New York State–Brain 
Trauma Foundation quality improvement program. This 
reduction appears to be associated with an increase in 
adherence to the Guidelines recommendations for ICP 
monitoring and CPP management. Concurrent with in-
creased ICP monitoring and CPP management, the rate 
of ICH decreased significantly over 9 years. During the 
same time period, there have not been significant changes 
in adherence to other Guidelines recommendations, sug-
gesting that increased ICP monitoring and CPP manage-
ment improved outcomes.

Two key questions for future research are 1) what 

specific CPP management approaches are most effective 
in which subgroups of patients with TBI and 2) what is re-
quired to change medical practice so that evidence-based 
treatments are widely adopted and followed.
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