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Objective: The aim of this study was to explore the relationship of intracranial pressure (ICP) with intensive care
unit (ICU) length of stay in a large cohort of severe traumatic brain injury patients and identify factors associating
with prolonged ICU course.
Methods: Thiswas a single-center database review of de-identified research data that had been prospectively col-
lected; setting: neurosurgical ICU, Ben Taub General Hospital, Houston, TX.
Results: In a cohort of 438 severe traumatic brain injury (TBI) patients, 149 (34%) had a motor Glasgow Coma

Scale score of 1 to 3 on admission and 284 (65%) had 4 to 5. Intracranial pressure during the ICU course was
19.8 ± 11.2 mm Hg. Favorable outcome was obtained in 148 (34%), and unfavorable, in 211 (48%) patients
with a mortality of 28%. ICU length of stay (LOS) was 19.4 ± 13.9 days. Joint modeling of ICP and ICU LOS was
undertaken, adjusted for the International Mission for Prognosis and Analysis of Clinical Trials in TBI admission
prognostic indicators. A higher ICP was not significantly associated with longer ICU LOS (P= .4). However, pres-
ence of a mass lesion on admission head computed tomography was strongly correlated with a prolonged ICU
LOS (P = .0007). Diffuse injuries with basal cistern compression or midline shift were marginally associated
with a longer ICU LOS (P = .053).
Conclusions: ICP, asmonitored andmanaged according to BTF guidelines, is not associatedwith ICU length of stay.
Patients with severe TBI and a mass lesion on admission head computed tomography were found to have
prolonged ICU LOS independently of other indicators of injury severity and intracranial pressure course.

© 2015 Elsevier Inc. All rights reserved.
1. Introduction

Traumatic brain injury (TBI) remains a major public health issue
worldwide. The annual incidence is estimated at 500/100000 in the
United States and Europe, resulting in over 200 per 100000 individuals
being admitted to hospitals each year in Europe [1–3]. Close to 1.5million
people die globally from TBI, the majority being in developing countries,
and it is the leading cause of mortality between 1 and 44 years of age.
In addition, TBI affords a large societal and economic toll [4]. The econom-
ic cost in 2010, including direct and indirectmedical costs, is estimated to
be approximately $76.5 billion. Fatal TBI and TBI requiring hospitalization
account for approximately 90% of the total TBI medical costs [5,6].
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Length of stay (LOS) is an important measure of health care utiliza-
tion and costs. Despite accepted prognostic models for severe TBI, little
has been published on factors influencing intensive care unit (ICU) LOS
in this population. Monitoring and control of intracranial pressure (ICP)
is one of the defining components of ICU management, yet the associa-
tion of ICP with ICU LOS has not been thoroughly explored. Proper anal-
ysis ought to consider confounding factors that accompany high ICP and
the fact that patients suffering refractory intracranial hypertension may
have shorter ICU LOS. The aim of this current study is to explore the re-
lationship of ICP and ICU LOS after adjusting for prognostically impor-
tant clinical and radiologic features on admission in a large cohort of
severe TBI patients. The identification of factors associated with
prolonged ICU stay and insight in the relationship of ICP and LOS are im-
portant in allowing clinicians to identify high-risk patients, assist with
clinical decision-making, and facilitate the appropriate allocation of hos-
pital resources. Furthermore, and in view of the contemporary debate
over the significance ofmonitoring andmanagement of ICP, the relation
with ICU course is a highly relevant question to answer. Although our ef-
fort is exploratory, we hypothesized that increased ICP is associated
with an increased ICU LOS.
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Table 1
Demographic and injury severity characteristics

Variable Mean ± SD or n (%)

Age 33.2 ± 14.5
Sex

Male 379 (86.5)
Female 59 (13.5)

Race
White 150 (34.2)
Black 113 (25.8)
Hispanic 162 (37.0)
Asian 12 (2.7)
Other 1 (0.2)

Mechanism of injury
MVA 217 (49.5)
Fall/jump 41 (9.4)
Assault 98 (22.4)
Gunshot wound 57 (13.0)
Others 6 (1.4)
Unknown 19 (4.3)

Moto GCS
1-3 149 (34.0)
4-5 284 (64.8)
Untestable 5 (0.01)

Pupils
Both reactive 181 (41.3)
1 Unreactive 44 (10.0)
Both unreactive 109 (24.9)
Untestable 104 (23.7)

Type of injury (Marshall CT category)
Diffuse injury 1 or 2 115 (26.2)
Diffuse injury 3 or 4 82 (18.7)
Mass lesion 240 (54.8)
Unknown 1 (0.2)

ISS 27.7 ± 5.6
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2. Materials and methods

The study design was a database review of de-identified research
data that had been previously prospectively collected as a part of insti-
tutional review board–approved research studies. The current work is
institutional review board approved by Baylor College of Medicine
under protocol number H-34134.

2.1. Patients and management

A total of 438 patients whowere admitted to Ben Taub General Hos-
pital in the period 1990 to 2000 and received monitoring and manage-
ment of ICP and cerebral perfusion pressure (CPP) were included.
Inclusion criteria were the following: TBI,motor component of the Glas-
gow Coma Scale (GCS) score ≤5 (either after resuscitation or after sub-
sequent deterioration), valid ICP data collected as a part of an ongoing
research protocol, demographic and injury characteristics, and neuro-
logical outcome collected as a part of an ongoing research protocol. Ex-
clusion criteria included GCS score of 3 with fixed, dilated pupils and
loss to follow-up before 3 months after injury. A standard management
protocol was employed that emphasized the prevention of secondary
insults and the prompt evacuation of intracranial masses. General man-
agement goalswere PaO2 N100mmHg, PaCO2 of 35 to 40mmHg, systol-
ic blood pressure N120 mm Hg, central venous pressure of 5 to 10 mm
Hg, and urine output N0.5 to 1 mL/kg per hour. Phenytoin was given
for 7 days as prophylaxis for seizures. Invasive monitoring of ICP was
usually via ventriculostomy. The goals of management were ICP
b20 mm Hg and CPP N60 mm Hg (for some patients a higher CPP was
targeted based on jugular bulb oxygen saturation [Sjvo2] and/or brain
partial tissue oxygenation [Pbto2] readings). Treatment of intracranial hy-
pertension was based on Brain Trauma Foundation (BTF) guidelines for
management of severe TBI and involved surgical removal of mass lesions,
cerebrospinal fluid drainage via ventriculostomy, sedation, neuromuscu-
lar paralysis, mannitol, and mild to moderate hyperventilation. Barbitu-
rate coma, moderate hypothermia, and decompressive craniectomy
were treatment options used for refractory intracranial hypertension
[7,8]. Monitoring of ICP was continued until the ICP was b20 mm Hg for
24 hours without treatment.

2.2. Data Collection

The demographic and clinical data collected included age, sex, race,
mechanism of injury, GCS, pupil reactivity, and Injury Severity Score
(ISS) upon admission. Intracranial pressure and other physiological pa-
rameters were recorded hourly within a few hours after ICU admission
and for the duration of the monitoring. The Marshall CT category was
used to describe the admission computed tomographic (CT) scan find-
ings, and the results were collapsed into the following 3 groups: mild
diffuse injury (diffuse injury 1 and 2, D12), severe diffuse injury (diffuse
injury 3 and 4, D34), and mass lesions (evacuated and non-evacuated,
M) [9]. The GCS score on admissionwas also classified into the following
2 categories according to themotor GCS score: motor score 4 to 5 and 1
to 3. Pupil reactivity was classified as pupils reactive, 1 unreactive pupil,
or both pupils unreactive. Six-month Glasgow Outcome Scale (GOS)
was collected and dichotomized as favorable recovery (good recovery
or moderate disability) and unfavorable recovery (severe disability,
vegetative, or dead).

2.3. Statistical analysis

We used joint modeling of longitudinal measurements and event
time data in order to examine the relationship between ICU LOS and
ICP, adjusting for important prognostic, admission factors (Age, Sex,
Pupil reactivity, GCS, CT characteristics, PaCO2) [10]. Intracranial pres-
sure measurements are repeatedly measured overtime, that is, time de-
pendent. It follows we cannot simply take the mean of ICP and use it as
the covariate, since during the ICU stay patients with higher ICPmay die
earlier resulting in a shorter ICU LOS. So, we consider these patients as
censored cases to adjust for the effect of higher ICP on ICU LOS. This is
accomplished by using the joint modeling method in which ICU LOS is
treated as a time-to-event process and simultaneously, ICP is longitudi-
nally modeled. Specifically,

hi t wi;mij tð Þð Þ¼h0 tð Þ exp γ⊤wi

h i
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where (t) is the time to event (ICU discharge), that is, ICU LOS;mi (t) is
ICP measurements for subject i at time t;wi are time independent vari-
ables for subject i; xi are fixed-effects covariates, and zi are random ef-
fects covariates; they can be either time dependent or independent.

3. Results

3.1. Patient characteristics

Demographic and injury characteristics of all 438 patients, which are
summarized in Table 1, were typical for a severe TBI population. Men
predominated in the group, 379 (86.5%) compared with 59 women
(13.5%). The mean age for the group was 33.2 ± 14.5 years, and the
mean ISS was 27.7 ± 5.6. The mechanism of injury was motor vehicle
collision in 217 (49.5%), assault in 98 (22.4%), fall/jump in 41 (9.4%),
gunshot wound in 57 (13%), and other in 6 (1.4%). In 19 patients
(4.3%), the mechanism was unknown. The motor component of the
GCS score was 1 to 3 in 149 patients (34%) and 4 to 5 in 284 patients
(64.8%). In 5 patients (1.1%), an admission GCS score could not be ob-
tained. Pupils were reactive on admission in 181 patients (41.3%), 1
pupil was unreactive in 44 patients (10%), and both pupils were
unreactive in 109 patients (24.9%). For 104 patients (23.7%) both pupils
could not be assessed. The admission CT scanwas classified as D12, D34,



Table 3
Long-term neurological outcomes and intensive care unit length of stay

Variable Mean ± SD or n (%) No. of patients

GOS (month 6) 438
Good recovery 71 (16.2)
Moderate disability 77 (17.6)
Severe disability 65 (14.8)
Vegetative 22 (5.0)
Dead 124 (28.3)
Unknown 79 (18.0)
ICU LOS 19.4 ± 13.9 379

Table 4
Joint modeling for intracranial pressure and intensive care unit LOS
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and M in 115 (26.2%), 82 (18.7%), and 240 (54.8%) patients, respective-
ly. Mean and SD for ICU physiologic monitoring variables can be found
in Table 2.

The GOS score was assessed at 6 months. A total of 148 patients
(33.8%) had a favorable outcome, whereas 211 patients (48.1%) had
an unfavorable outcome. One hundred twenty-four patients died
(28.3%). No outcome data were available in 79 patients (18%) (Table 3).

3.2. Intracranial pressure and ICU LOS

Themean ICU LOSwas obtained from 379 patients and it was 19.4±
13.9 days. Joint modeling of longitudinal measurements of ICP and
event time data (ICU discharge as an event) was employed. In the longi-
tudinal model, where ICP is the outcome, the following variables were
found to be statistically significant and to predict a higher ICP: younger
age, male gender, presence of CT D34 and lower GCS on admission.
When this model is jointly analyzed with the event process analysis it
can be seen that the only significant predictor of longer ICU LOS is CT
M (presence of mass lesion, P = .0007). Of marginal significance is CT
D34 (P= .0565) (Table 4). Figure depicts the proportions of discharges
versus deaths in the ICU per CT classification category. Intracranial pres-
sure is not significantly associated with ICU LOS.

4. Discussion

Themorbidity, use of resources and cost of a prolonged ICU stay can-
not be overemphasized. One of themain goals of ICUmanagement in se-
vere TBI is the monitoring and control of ICP. To our knowledge, this is
the first study to examine the association of ICP, controlled for con-
founders, with ICU LOS using joint modeling of longitudinal data with
event time data in a large cohort of severe TBI patients. Our main find-
ings are that ICP is not associatedwith ICU LOS, and that CT classification
indicating the presence of a mass lesion on admission is strongly corre-
lated with a prolonged ICU stay.

4.1. Intracranial pressure and ICU LOS

The InternationalMission for Prognosis andAnalysis of Clinical Trials
in TBI (IMPACT) study group analyzed individual patient data from over
9000 patients with severe ormoderate TBImerged from 11 studies, and
confirmed age, GCSmotor score, pupillary response, and CT characteris-
tics as the most powerful independent prognostic variables [11]. We
used these factors in a joint model to identify predictors of ICU LOS
and to investigate the relationship of ICP with ICU LOS. Prior studies
have sought to examine the relationship between BTF-guided ICP man-
agement and outcomes, including LOS, comparing with groups of pa-
tients that were not monitored; conflicting results have been
obtained. Talving et al in a recent prospective observational single-
center study found that patients whoweremonitored andmanaged ac-
cording to the BTF experienced significantly lower in-hospital mortality
in conjunction with significantly longer ICU and hospital LOS [12].
Bulger et al. collected retrospective data from 34 trauma centers and
compared the outcomes of “aggressive” centers (defined as those plac-
ing ICPmonitors in N50% of patients meeting BTF criteria) versus others
[13]. Management at an aggressive center was associated with a
Table 2
Physiologic monitoring data

Variable Mean ± SD or % No. of patients

ICP, mm Hg 19.8 ± 11.2 438
MAP, mm Hg 92.0 ± 13.7 438
CPP, mm Hg 72.3 ± 17.6 438
SjvO2, % 71.2 ± 10.8 373
SaO2, % 98.8 ± 1.8 429
PCO2, % 32.4 ± 6.1 438
PbtO2, % 29.5 ± 21.0 35
significant reduction in the risk of mortality. Adjusted LOS for survivors
at aggressive centers was shorter. Cremer et al performed an observa-
tional study in 2 trauma centers in different regions of the
Netherlands [14]. Compared with supportive intensive care without
ICP monitoring, the use of an ICP/CPP-targeted treatment protocol re-
sulted in amuch longer period ofmechanical ventilation and amore ex-
tensive use of medical therapies to control intracranial hypertension
without an effect on functional status or survival. Alkhoury and
Kyriakides surveyed the National Trauma Data Bank to determine the
effect of ICP monitoring on outcomes in pediatric patients with severe
TBI [15]. After adjustment for admission GCS score, age group, sex, Re-
vised Trauma Score, and ISS, ICPmonitoring was associated with longer
hospital and ICU LOS. A tendency of extended ICU LOS in ICP-monitored
patients was found in a meta-analysis of 2 randomized controlled trials
and seven cohort studies by Su et al. [16].

The only relevant data we have from an randomized controlled trial
are the data from the BEST-TRIP trial [17]. This study randomized severe
TBI patients in 2 different protocols for the management of intracranial
hypertension; one group received ICP monitoring and treatment based
on a threshold of 20mmHg, and the other was treated based on clinical
and radiologic findings without themonitoring of intracranial pressure.
There was no difference in the primary clinical outcome. The median
LOS in the ICU was similar in the 2 groups (12 days in the ICP group
and 9 days in the imaging–clinical examination group; P = .25); The 2
groups differed though in the number of days of brain-specific treat-
ments (eg, administration of osmolar therapy and the use of hyperven-
tilation) favoring the ICP group (4.8 days without vs 3.4 with ICP
monitoring, P = .002).

We found that neither ICP nor ISS were associated with LOS. This can
be explained taking into consideration that patients with very high or
very low levels of intracranial pressure and injury severity will likely ex-
perience a shorter ICU stay. These patients are at increased risk for
dying or being discharged early in the course of ICU admission. This
may not be reflected unless the appropriate analysis of time-dependent
data (ICP) and event-time data (ICU discharge) is undertaken, that is,
jointly modeled.

In the current debate about the best use of ICP monitoring, some of
the above referenced literature has suggested that BTF-based ICP mon-
itoring and treatment may increase ICU LOS without a benefit in
Event process Longitudinal process

Value SE P value Value SE P

Age −0.01 0.01 .2639 (Intercept) 20.38 2.09 b .0001
Gender male −0.04 0.31 .9053 Age −0.16 0.03 b .0001
1-reactive −0.50 0.45 .2736 Gender male 3.45 1.51 .0224
2-reactive −0.00 0.24 .9858 1-reactive 2.82 1.43 .0485
CTD34 −0.64 0.33 .0534 2-reactive −0.78 0.84 .3545
CTM −0.91 0.27 .0007 CTD34 4.42 1.23 .0003
ISS −0.01 0.02 .7341 CTM 4.03 1.03 .0001
ICP −0.02 0.02 .4681 GCS.sum −0.32 0.11 .0052

log(σ) 2.05 0.02
D11 37.80 11.19



Figure. CT classification categories and proportion of deaths vs discharges from the ICU.
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outcome. Our data show no effect of ICP course (based on management
consistent with the BTF) on ICU LOS; the data from BEST-TRIP suggest
that ICP monitoring and management do not prolong ICU stay and
may in fact decrease the intensity of treatment during the ICU course.

4.2. Marshall CT score and ICU LOS

TheMarshall CT classification is widely accepted for descriptive pur-
poses and as a major predictor of outcome in TBI. Various studies have
confirmed the predictive value of the CT classification [18–20] and the
international guidelines on prognosis include the CT classification as a
major CT predictor based on Class I evidence [21]. The relationship be-
tween CT characteristics on admission and ICU course has not been
thoroughly investigated before. We found that patients admitted with
severe TBI and a mass lesion on CT had a significantly prolonged ICU
stay. A similar trend, but of marginal statistical significance, was seen
in patients with severe diffuse injury (D34). Maas et al. analyzed indi-
vidual patient data from the IMPACT database with the aim of describ-
ing and quantifying the relationship between CT characteristics and 6-
month GOS [22]. The CT classification was strongly related to outcome,
with worst outcome for patients with diffuse injuries in CT class 3 (OR,
2.50; CI, 2.09-3.0) or CT class 4 (OR, 3.03; CI, 2.12-4.35). The prognosis in
patients with mass lesions was better for patients with an epidural he-
matoma (OR, 0.64; CI, 0.56-0.72) and poorer for an acute subdural he-
matoma (OR, 2.14; CI, 1.87-2.45).

4.3. Limitations

This is a retrospective review of single-center data collected over a
decade ago and the argument could bemade that they are not represen-
tative of contemporary cohorts. Management of these patients spans
over periodswith changing BTF guidelines; it is likely that some patients
were managed to a CPP target over 70 mm Hg, some over 60 mm Hg,
and some had individualized goals based on othermonitoring variables.
Nevertheless, our demographic data are reflective of a typical severe TBI
population and the outcome data are consistent with current TBI series.
The ICP goal has consistently been less than 20mm Hg and the average
physiologic monitoring data for our cohort are reflective of the ICU
course of a severe TBI group of patients. An additional point that
needs to be recognized is that in the absence of information about with-
drawal of care this factor has not been accounted for in the modeling.

We grouped all mass lesions into one category and did not differen-
tiate based on pathology nor status of evacuation. Nevertheless, the
Marshall CT classification does not permit any distinction on type of
mass lesion. Furthermore, many have argued that evacuation status re-
flects a clinical decision and does not in itself constitute a CT parameter;
in clinical practice this has led to confusion and it has been proposed not
to include this differentiation [19,23].

Kahraman et al recently quantified ICP insults as the product of
“pressure times time dose” (PTD) [24]. They used high-resolution data
from 30 severe TBI patients and found that total PTD for ICP N20 mm
Hg and CPP b60 mm Hg had high predictive power for functional out-
come, in-hospital mortality and were strongly correlated with ICU
LOS. The predictive ability of automated data was superior to manual
data. We used hourly ICP data that were manually recorded and ICP
was treated as a time-dependent variable; ICP dose was not calculated.
Despite lacking automated data and ICP dose though, our findings are
derived by employing a statistically robust method to model the associ-
ation of ICP and ICU LOS.
5. Conclusions

Intracranial pressure, as monitored and managed according to BTF
guidelines, is not associatedwith ICU length of stay. Patientswith severe
TBI and a mass lesion on admission head CT were found to have
prolonged ICU LOS independently of indicators of injury severity and in-
tracranial pressure course.
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