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BACKGROUND: Vital signs, particularly blood pressure, are often manipulated to maximize perfusion and optimize recovery from severe
traumatic brain injury (sTBI). We investigated the utility of automated continuously recorded vital signs to predict outcomes
after sTBI.

METHODS: Sixty patients with head Abbreviated Injury Scale score �3, age �14 years, “isolated” TBI, and need for intracranial pressure
monitoring were prospectively enrolled at a single, large urban tertiary care facility. Outcome was measured by mortality and
extended Glasgow Outcome Scale (GOSE) at 12 months. Continuous, automated, digital data were collected every 6 seconds for
72 hours after admission, and 5-minute means of systolic blood pressure (SBP) were recorded. We calculated SBP as pressure �
time dose (PTD) to describe the cumulative amplitude and duration of episodes above and below clinical thresholds. The extent
and duration of the insults were calculated as percent time (%time), PTD, and PTD per day (PTD/D) of defined thresholds (SBP:
�90 mm Hg, �100 mm Hg, �110 mm Hg, and �120 mm Hg; mean arterial pressure: �60 mm Hg and �70 mm Hg; heart rate:
�100 bpm and �120 bpm; and SpO2: �88% and �92%) for the first 12 hours, 24 hours, and 48 hours of intensive care unit
admission. We analyzed their ability to predict mortality and GOSE by receiver operator characteristics.

RESULTS: Mean age was 33.9 (range, 16–83) years, mean admission Glasgow Coma Scale score 6.4 � 3, and mean head Abbreviated Injury
Scale score 4.2 � 0.72. The 30-day mortality rate was 13.3%. Of the 45 patients in whom GOSE at 12 months was available, 28
(62%) had good neurologic outcomes (GOSE score �4). Traditional markers of poor outcome (admission SBP, admission
Glasgow Coma Scale, and Marshall score) were not different between groups with good or poor outcome. PTD, PTD/D, and %time
SBP �110 mm Hg and SBP �120 mm Hg predicted mortality at 12 hours, 24 hours, and 48 hours (p � 0.04). Percent time SBP
�110 mm Hg in the first 24 hours was predictive of 12-month GOSE (p � 0.02). PTD/D SBP �120 mm Hg in the first 24 hours
and PTD and PTD/D in the first 48 hours were also predictive of 12-month GOSE (p � 0.05).

CONCLUSIONS: Within the first 48 hours of intensive care unit admission, hypotension was found to be predictive of mortality and functional outcomes
at higher thresholds than traditionally defined. Systemic blood pressure targets closer to 120 mm Hg may be more efficacious in
minimizing secondary insults and particularly useful in settings without invasive intracranial monitoring capabilities. (J Trauma. 2012;
72: 1135–1139. Copyright © 2012 by Lippincott Williams & Wilkins)

LEVEL OF
EVIDENCE: III, prognostic study.
KEY WORDS: Continuous vital signs; outcomes; secondary brain injury; hypotension.

Primary traumatic brain injury (TBI) may be worsened by
variable physiologic conditions which may occur in the

severely injured patient. The prevention of secondary brain
injury by monitoring and manipulation of vital signs leads to
improved outcomes in severe TBI (sTBI) patients.1–4 Opti-
mizing recovery from sTBI requires diligent correction of
hypoxia, hypothermia, hypotension, and hypercoagulable
states. The current recommendations for blood pressure con-
trol from the Brain Trauma Foundation include maintaining a
systolic blood pressure (SBP) of �90 mm Hg to avoid the
high morbidity and mortality associated with even single
episodes of hypotension.5 Some studies have found poor
outcomes with SBP �95 mm Hg, but the optimal range has
yet to be defined.

Continuous vital sign monitoring by automated sys-
tems has been shown to correlate more closely with out-
comes than traditional manual end-hour recordings.6 When
the depth and duration of hypotensive insults are recorded
using an automated system and displayed as pressure �
time dose (PTD, mm Hg), a more complete description of
the abnormal parameter becomes available. Although tar-
gets for intracranial pressure (ICP) and cerebral perfusion
pressure may more closely correlate with intracerebral
hemorrhage and the prevention of secondary brain injury,
methods required for monitoring such as arterial lines and
ICP catheters may not be easily accessible. Our goal was
to use the two-dimensional continuous data to determine
more sensitive targets for SBP which could improve func-
tional outcomes in sTBI patients, even in settings without
invasive monitoring capabilities.

METHODS
Patients at a large urban Level I trauma center were

prospectively enrolled over a 2-year period. Inclusion
criteria were age �14 years, admission within the first 6
hours after injury, Glasgow Coma Scale (GCS) score �9
on admission, and placement of a clinically indicated ICP
monitor. sTBI was confirmed on admission computed
tomography scan. Informed consent was obtained from the
patients Legally Authorized Representative. Exclusion cri-
teria were any body region other than brain with an
Abbreviated Injury Scale (AIS) score �3 to exclude mul-
tisystem trauma, a nonsurvivable brain injury, or ICP
monitoring initiated �24 hours postinjury or technical
problems with the ICP monitoring device. The study was
approved by the HRP Office of the University of Maryland
School of Medicine.

Demographics, mechanisms of injury, head AIS, pre-
dicted survival, and injury severity score were recorded.
Marshall Classification scores were assigned to all admission
head computed tomography scans by a blinded reviewer.
Outcome measures included in-hospital mortality and the
extended Glasgow Outcome Scale (GOSE). The GOSE was
used to evaluate long-term functional outcomes at 12 months
after injury. GOSE was defined as GOSE at 12-month follow-
up. For the seven patients who did not have a 12-month score,
the last recorded value was used. In all seven cases, the
patients had a GOSE score recorded between 6 months and
12 months. The GOSE of survivors was obtained by tele-
phone interviews by an experienced trauma clinical research
coordinator. GOSE 1–4 was defined as “poor functional
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outcome” whereas GOSE 5–8 was defined as “good func-
tional outcome.”

The continuous vital signs are collected from a network
of patient monitors throughout the trauma center. The re-
corder captured waveforms every 6 seconds for 72 hours after
admission, and potential artifacts were removed from the
central server. From these data, we calculated the 5-minute
means of SBP as PTD, or pressure � time dose, to describe
the cumulative amplitude and duration of episodes below the
following clinical thresholds: SBP �90 mm Hg, �100 mm
Hg, �110 mm Hg, and �120 mm Hg. There was no overlap
of patients in each group. Means, maximum, and minimum
were also recorded. The extent and duration of the insults
were calculated for the first 12 hours, 24 hours, and 48 hours
of ICU admission. Percent time (%time) was also recorded
for each parameter in addition to PTD per day (PTD/D) to
account for differences in hospital length of stay.

Arterial line measurements used to collect SBP were
collected from the networked patient monitors (GE-Marquette-
Solar-7000/8000) throughout the trauma center through the
vital signs data recorder (VSDR). The VSDR captures wave-
forms every 6 seconds, and the collected data are compressed
and transferred to a centralized VSDR server. Potential arti-
facts are cleaned by removing the VS data of first and last
minute of patient stay, removing extreme outliers, and calcu-
lation of a moving median with a window size of five data
points (30 seconds). The cleaning procedure discards �1% of
data points leaving 5,206,860 points of VS data available for
analysis. All traces of the 5-minute means were visually
reviewed and confirmed by one of the clinician investigators.

The Students t-test was used to compare means for
continuous data, whereas the Wilcoxon rank-sum statistic
was used for nonnormally distributed data. The data were
analyzed by receiver operator characteristics (ROC) to deter-
mine whether mortality and GOSE could be predicted by SBP

at previously defined thresholds. p � 0.05 was considered
statistically significant.

RESULTS
Sixty patients met inclusion criteria and were enrolled

in the study, giving 3,999 hours of data (66.5 hours or 2.8
days per patient). The mean age was 33.9 (range, 16–83)
years, mean admission GCS score 6.4 � 3.1, and mean head
AIS score 4.2 � 0.72. The majority of patients were male
(85%), and the in-hospital 30-day mortality rate was 13.3%.

Of the 45 patients in whom GOSE at 12 months was
available, 28 (62%) had good functional outcome as defined
by GOSE score �4. Traditional markers of poor outcome
(admission GCS score, admission SBP, and Marshall score)
were not different between groups with good or poor outcome
(Table 1).

SBP was found to correlate with mortality at SBP �110
mm Hg and �120 mm Hg. PTD, PTD/D, and %time SBP
�110 mm Hg and �120 mm Hg predicted mortality at 12
hours, 24 hours, and 48 hours (Tables 2 and 3), all with ROC
values �0.72. SBP �110 mm Hg and �120 mm Hg in the
first 24 hours as measured by %time and PTD/D, respec-
tively, PTD, and PTD/D SBP �120 mm Hg in the first 48
hours predicted mortality and functional outcome at 12
months (ROC �0.68; Figs. 1 and 2). Neither SBP �90 mm
Hg nor SBP �100 mm Hg correlated with mortality or
functional outcomes within the first 48 hours of admission.

There was no correlation between hypotension and
outcomes at 72 hours, perhaps due to the small number of
patients who experienced episodes of hypotension so far
into their hospitalization. Our aggressive TBI protocol
results in fewer patients with SBP within the above de-
scribed parameters.

TABLE 1. Characteristics of Study Subjects

All Subjects (N � 60) Survivors (N � 52)

All
(N � 60)

Good Outcome*
(n � 37)

Poor Outcome†

(n � 23) p
Survived
(n � 52)

Died
(n � 8) p

Good Outcome*
(n � 37)

Poor Outcome†

(n � 23) p

Age (yr), mean � SD 33.9 � 14.1 31.0 � 11.4 38.6 � 17.5 �0.05 33.7 � 14.8 35.1 � 11.8 0.8 31.0 � 11.4 40.4 � 20.1 0.04

Males, n (%) 51 (85.0) 34 (91.9) 17 (73.9) 0.06 45 (86.5) 6 (75.0) 0.4 34 (91.9) 11 (73.3) 0.08

Blunt mechanism of
injury, n (%)

58 (96.7) 35 (94.6) 22 (100) 0.3 50 (96.1) 8 (100) 0.6 35 (94.6) 15 (100) 0.4

Head AIS, mean � SD 4.2 � 0.7 4.2 � 0.7 4.3 � 0.8 0.5 4.1 � 0.7 4.6 � 0.5 0.08 4.2 � 0.7 4.1 � 0.8 0.9

ISS, mean � SD 28.5 � 10.1 27.0 � 9.8 30.6 � 10.4 0.2 27.5 � 9.7 33.9 � 11.7 0.1 27.0 � 9.8 28.9 � 9.7 0.5

In-hospital mortality,
n (%)

8 (13.3) 0 (0.0) 8 (36.4) n/a n/a n/a n/a n/a n/a n/a

Admission SBP,
mean � SD

141.3 � 28.6 145.4 � 22.6 134.7 � 35.9 0.2 143.7 � 26.8 125.5 � 36.7 0.09 145.4 � 22.6 139.6 � 35.7 0.2

Admission GCS,
mean � SD

6.4 � 3.1 6.8 � 3.4 5.9 � 2.5 0.3 6.8 � 3.4 4.1 � 1.5 0.02 6.8 � 3.4 6.8 � 2.4 1.0

Marshall score,
mean � SD

2.5 � 0.9 2.3 � 0.9 2.7 � 1.0 0.1 2.4 � 0.9 3.1 � 0.9 0.03 2.3 � 0.9 2.5 � 0.9 0.5

SD, standard deviation.
* 12-month GOSE 5–8.
† 12-month GOSE 1–4.
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DISCUSSION
The incidence of sTBI, and its emotional, physical, and

financial consequences are overwhelming. Approximately 1.5
million people are affected by TBI each year, resulting in
50,000 deaths, and many more with severe disability. Mor-
tality rates can exceed �50% for sTBI, and �$100 billion
annually is spent on recovery and rehabilitation.7

The use of continuous data collection allows linear, epi-
sodic data to be converted to two-dimensional analysis. The
ability to define secondary brain insults as an area under the
curve, or PTD, has been shown to be superior to manual
recordings by defining the exact extent and duration of the insult.
Our goal was to apply this sophisticated data collection tool to
provide simple treatment recommendations for situations where
invasive monitoring is not available or accessible, such as in the
prehospital field or in combat. Depending on the resources
available at some institutions, the use of invasive monitoring
may be initiated beyond 12 hours to 24 hours of admission,
during which time the opportunity to provide specific targeted
therapy using SBP would be neglected.

Manley and others3,4,8 have documented the negative
impact of hypotension on TBI patients. In a prospective
study, even brief episodes of hypotension were shown to
increase mortality eightfold.2 Additional prospective data
from the Trauma Coma Data Bank cite a single episode of
hypotension to be one of the most significant predictors of
outcome in sTBI patients.1,9 Based on these studies and others
with similar findings, the Brain Trauma Foundation in its 3rd
edition published in 2007 recommends maintaining SBP
above 90 mm Hg to avoid the deleterious effects on patient
outcome. The numeric value of 90 was chosen as a statistical
threshold defined by blood pressure distributions for normal
adults rather than a clinically defined threshold parameter. Al-
though the Foundation recommends avoiding a single episode of
SBP �90 mm Hg, it states “90 mm Hg should be a threshold to
avoid; the actual values to target remain unclear.”5

Recent data have suggested that thresholds �90 mm
Hg should be avoided in sTBI patients to maximize out-
comes. Guidelines from a European trauma center recom-
mend a SBP target of 100 mm Hg to 110 mm Hg in blunt
trauma patients with head injury,10 whereas the European
Brain Injury Consortium recommends maintaining a SBP
�120 mm Hg.11 A recent unpublished review of more than
15,000 patients with moderate to sTBI shows higher mortal-
ity at SBP thresholds of �110 mm Hg.12 Our data failed to
show a difference in outcome with SBP �90 mm Hg or �100
mm Hg, likely due to a combination of low power (small
n �) and the aggressive TBI management protocol at our
institution. For example, �20% of patients had SBP �90 mm
Hg or �100 mm Hg within the first 48 hours.

Our data are derived from a sensitive and complex data
collection tool which has led us to the conclusion that current
recommendations for SBP in sTBI patients may require
revision. Because of the ethical obligations to patients en-
rolled in research studies, it is unlikely that a prospective
randomized trial could or should be performed. Until such
time as the guidelines are reviewed, further evidence from
multiple sources must corroborate our findings.

Figure 1. Mortality predicted by ROC for SBP �110 mm Hg
and �120 mm Hg at 12 hours, 24 hours, and 48 hours.

Figure 2. Twelve-month GOSE predicted by ROC for SBP
�110 mm Hg and �120 mm Hg for 12 hours, 24 hours,
and 48 hours of admission.

TABLE 3. SBP �120 mm Hg at 12 h, 24 h, and 48 h
Predicts Mortality by Automated Data Describing Extent and
Duration of Insult

ROC 12 h 24 h 48 h

PTD 0.74* 0.77† 0.80‡

PTD/D 0.74* 0.77 0.80‡

%time 0.73* 0.76† 0.81‡

* p � 0.05.
† p � 0.01.
‡ p � 0.001.

TABLE 2. SBP �110 mm Hg at 12 h, 24 h, and 48 h
Predicts Mortality by Automated Data Describing Extent and
Duration of Insult

ROC 12 h 24 h 48 h

PTD 0.76* 0.72† 0.75†

PTD/D 0.76* 0.72† 0.75†

%time 0.76* 0.76* 0.79*

* p � 0.01.
† p � 0.05.
‡ p � 0.001.
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CONCLUSION
Within the first 48 hours of ICU admission, hypoten-

sion was not predictive of outcomes at traditionally defined
thresholds of SBP �90 mm Hg or �100 mm Hg. Systemic
blood pressure targets �120 mm Hg may be more efficacious
in minimizing secondary insults and particularly useful in
settings without invasive intracranial monitoring capabilities.
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