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Abstract

Objectives: To estimate the impact of goal-directed therapy on outcome after traumatic brain 

injury, our team applied goal-directed therapy to standardize care in patients with moderate to 

severe traumatic brain injury, who were enrolled in a large multicenter clinical trial.

Design: Planned secondary analysis of data from Progesterone for the Treatment of Traumatic 

Brain Injury III, a large, prospective, multicenter clinical trial.

Setting: Forty-two trauma centers within the Neurologic Emergencies Treatment Trials network.

Patients: Eight-hundred eighty-two patients were enrolled within 4 hours of injury after 

nonpenetrating traumatic brain injury characterized by Glasgow Coma Scale score of 4–12.

Measurements and Main Results: Physiologic goals were defined a priori in order to 

standardize care across 42 sites participating in Progesterone for the Treatment of Traumatic Brain 
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Injury III. Physiologic data collection occurred hourly; laboratory data were collected according to 

local ICU protocols and at a minimum of once per day. Physiologic transgressions were predefined 

as substantial deviations from the normal range of goal-directed therapy. Each hour where goal-

directed therapy was not achieved was classified as a “transgression.” Data were adjudicated 

electronically and via expert review. Six-month outcomes included mortality and the stratified 

dichotomy of the Glasgow Outcome Scale-Extended. For each variable, the association between 

outcome and either: 1) the occurrence of a transgression or 2) the proportion of time spent in 

transgression was estimated via logistic regression model.

Results: For the 882 patients enrolled in Progesterone for the Treatment of Traumatic Brain 

Injury III, mortality was 12.5%. Prolonged time spent in transgression was associated with 

increased mortality in the full cohort for hemoglobin less than 8 gm/dL (p = 0.0006), international 

normalized ratio greater than 1.4 (p < 0.0001), glucose greater than 180 mg/dL (p = 0.0003), and 

systolic blood pressure less than 90 mm Hg (p < 0.0001). In the patient subgroup with intracranial 

pressure monitoring, prolonged time spent in transgression was associated with increased 

mortality for intracranial pressure greater than or equal to 20 mm Hg (p < 0.0001), glucose greater 

than 180 mg/dL (p = 0.0293), hemoglobin less than 8 gm/dL (p = 0.0220), or systolic blood 

pressure less than 90 mm Hg (p = 0.0114). Covariates inversely related to mortality included: a 

single occurrence of mean arterial pressure less than 65 mm Hg (p = 0.0051) or systolic blood 

pressure greater than 180 mm Hg (p = 0.0002).

Conclusions: The Progesterone for the Treatment of Traumatic Brain Injury III clinical trial 

rigorously monitored compliance with goal-directed therapy after traumatic brain injury. Multiple 

significant associations between physiologic transgressions, morbidity, and mortality were 

observed. These data suggest that effective goal-directed therapy in traumatic brain injury may 

provide an opportunity to improve patient outcomes.
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Traumatic brain injury (TBI) is a devastating public health problem, resulting in 56,000 

patient deaths and 282,000 hospitalizations in the U.S. annually (1–4). Difficulty in 

improving care through clinical trials is compounded by the complexity of optimizing 

physiologic management after brain injury. Despite the staggering impact of TBI on society, 

little progress has been made to identify successful clinical interventions (4–8). Prior work 

has documented the effect of physiologic variability on outcome after TBI. Data include 

studies on optimal values for glycemic control, hemoglobin concentration, temperature, 

systolic blood pressure (SBP), mean arterial pressure (MAP), oxygenation, brain tissue 

oxygen tension (Pbto2), coagulation status, intracranial pressure (ICP), and cerebral 

perfusion pressure (CPP) (6, 9–18). Goal-directory therapy (GDT) attempts to target each of 

these variables and improve outcomes by mitigating the secondary injury cascade (17, 19). 

Targeting goal-directed values, such as threshold for hemoglobin or CPP, enhances 

standardization of care across the study population while highlighting opportunities for 

patient-specific treatment of underlying pathophysiology (4, 18, 20).
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For the Progesterone for the Treatment of Traumatic Brain Injury (ProTECT) III trial, our 

research team designed an approach to apply GDT across institutions. A clinical 

standardization team (CST) defined guidelines for physiologic goals of therapy, a priori, to 

standardize care (Appendix I, Supplemental Digital Content 1, http://links.lww.com/CCM/

E404). Failure to meet target variables for hemoglobin, platelet count, international 

normalized ratio (INR), glucose, temperature, Pao2, oxygen saturation (Sao2), MAP, SBP, 

ICP, Pbto2, or CPP was defined as a physiologic “transgression.”

Transgression data were compiled hourly from patient enrollment through death, withdrawal 

of care, or hospital discharge. The database contains prospectively derived data on the 

occurrence and time spent in physiologic transgressions after TBI. The objective of this 

analysis is to evaluate the association between physiologic variability and outcome after 

TBI.

MATERIALS AND METHODS

Study Design and Subject Population

The ProTECT III trial was a National Institutes of Health/National Institute on Neurological 

Disorders and Stroke (NINDS)-funded, randomized, double-blind, multicenter, phase 3 

clinical trial designed to test the neuroprotective effect of IV progesterone versus placebo in 

patients with moderate to severe acute TBI. Patients with nonpenetrating TBI and Glasgow 

Coma Scale (GCS) 4–12 were enrolled if treatment could be initiated within 4 hours of 

injury. Each site’s institutional review board reviewed and approved the protocol, including 

procedures related to 21CFR50.24 regulations on Exception from Informed Consent for 

emergency research. In 2013, after 882 of the planned 1,140 subjects had been randomized, 

the NINDS-appointed Data and Safety Monitoring Board advised ending the trial due to 

futility. Details of the study protocol and results have been previously published (5).

To standardize and monitor the management of subjects, a multidisciplinary team of experts 

in TBI management created the ProTECT III Guidelines for the Management of TBI (CST 

Guidelines, Appendix I, Supplemental Digital Content 1, http://links.lww.com/CCM/E404). 

These guidelines were designed to augment those of the Brain Trauma Foundation by 

providing a template to standardize care across institutions (19). Failure to meet a 

physiologic goal was considered a transgression, independent of whether this inability was 

associated with a modifiable factor. Table 1 lists physiologic goals and transgression 

definitions. The CST guidelines also describe expected interventions in response to 

transgressions, for example, transfusion for anemia.

In-person training on the CST guidelines was completed at each site prior to study initiation. 

Transgression data were reported daily via case report form (CRF) and reviewed by a central 

monitoring team. Feedback was provided regularly in order to facilitate standardization of 

medical management. On-call response to questions about patient management was 

available via a 24/7 telephone hotline. Physiologic data were collected on electronic CRFs 

and included but were not limited to hourly annotations. Data were collected throughout 

each patient’s initial hospitalization. Continuous physiologic variables, such as CPP, SBP, 

Pao2, ICP, MAP, Sao2, and Pbto2 were monitored according to the local ICU protocol at 
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each site. If the recorded physiologic variable did not meet its specified goal during a 

particular hour, the study team initiated treatment and completed a transgression specific 

CRF. Each CRF noted the total duration of the transgression, as well as all interventions 

applied to correct the transgression. Laboratory values, such as INR and hemoglobin were 

collected according to each ICU protocol (at a minimum of daily intervals). A transgression 

of hemoglobin, for example, resulted in an action to transfuse to hemoglobin greater than 8 

gm/dL, as well as documentation of resolution of the transgression. The total number of 

hours spent in transgression were calculated. Data were derived according to local ICU 

protocols using both laboratory draws and i-STAT (Abbott, Chicago, IL) values according to 

local protocols. All data underwent manual expert review and annotation, as well as 

electronic adjudication.

Data Analysis

Favorable outcome was defined using a stratified dichotomy of the Glasgow Outcome Scale-

Extended (GOS-E) at 6 months post-injury (5). GOS-E measures global neurologic 

recovery; scores range from 1 (death) to 8 (good recovery). Using a prespecified stratified 

dichotomy, favorable outcome was defined according to severity of initial injury (the highest 

reliable GCS score documented prior to subject randomization).

The effect of physiologic transgressions on patient outcome was explored via logistic 

regression analyses for each variable as a predefined secondary statistical analysis. Analysis 

considered: 1) a binary indicator that reflected the occurrence of at least a single 

transgression hour and 2) the proportion of total observed time spent in transgression, during 

the first 2 weeks of patient enrollment. This proportion was calculated as the number of 

hours for which a transgression was reported, divided by the number of hours monitored for 

that variable. Because time was found to violate the linearity assumption, time was divided 

into five categories. Subjects who experienced the transgression were divided into quartiles 

based upon the proportion of time that they spent in transgression. A fifth category 

represents subjects who did not experience the transgression.

No significant differences were found between outcomes for the treatment (progesterone) 

and control (placebo) group when controlling for physiologic transgressions. The control 

arm was used to determine the relationship between outcome and physiologic 

transgressions. Coefficients derived from the control model were applied to all subjects to 

obtain a predicted probability of outcome. Outcome was then modeled using the predicted 

probability of outcome, treatment, and the corresponding interaction. The treatment arms 

were combined for analysis. The analysis assesses the effect of each clinical covariate on 

outcome for the entire subject population.

The association between outcome and either: 1) occurrence of transgression or 2) proportion 

of observed time spent in transgression was estimated via logistic regression model. Simple 

models included physiologic variables with adjustments for severity, sex, age, and treatment. 

Among the full cohort of subjects, a full multivariable model was derived and backward 

selection applied to identify the physiologic variables associated with outcome. A 

significance level of 0.05 was required for inclusion in the model. Within each analysis, a 

Holm correction was applied to control the type I error rate associated with the multiple 
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hypothesis tests conducted. The full model did not include CPP, ICP, and Pbto2 because 

fewer than 60% of subjects received this monitoring. An analysis of these transgressions was 

conducted in the ICP monitored group (tICP; n = 480). Two variables, Pco2 and temperature, 

were excluded from the analyses.

RESULTS

A total of 882 of the planned 1,140 subject sample were randomized. The overall mean 

Injury Severity Score (ISS) was 24.4 (± 11.4) on a scale from 0 to 75 (higher scores indicate 

greater severity). Four-hundred eighty subjects (54.4%) received an ICP monitor and this 

group demonstrated a higher mean ISS (28.3; SD, 10.6). Subjects receiving progesterone 

versus placebo had similar baseline characteristics and outcomes. Supplemental Table 1 

(Supplemental Digital Content 2, http://links.lww.com/CCM/E405) lists the descriptive 

statistics for all subjects within the ProTECT III study.

GDT Transgression Monitoring

For each physiologic variable described in the CST guidelines, Table 2 presents the number/

percentage of subjects monitored who experienced a transgression of that variable. 

Transgressions were common in both occurrence and duration. The total hours of subject 

observation during the initial 2 weeks of care was 209,417. The total transgression hours 

across the first 2 weeks of the study was 52,702. The full cohort is defined as the 763 

subjects who were monitored for all transgressions.

Mortality

Two-week mortality was 12.5% in the full cohort and 16.9% in the tICP subgroup. Table 3 

describes the relationship between mortality and single transgression occurrence in the full 

cohort. In the full cohort, a single occurrence of INR greater than 1.4 (odds ratio [OR], 5.1; 

95% CI, 2.93–8.75; p < 0.0001) was associated with increased mortality. In the tICP 

subgroup, mortality increased with a single occurrence of either CPP less than 60 mm Hg 

(OR, 3.8; 95% CI, 1.54–9.45; p = 0.0038) or INR greater than 1.4 (OR, 2.8; 95% CI, 1.53–

5.25; p = 0.0009) and decreased with a single occurrence of MAP less than 65 mm Hg (OR, 

0.3; 95% CI, 0.16–0.73; p = 0.0051) or SBP greater than 180 mm Hg (OR, 0.3; 95% CI, 

0.17–0.57; p = 0.0002).

In the full cohort, the final model indicated that prolonged time spent in transgression was 

associated with increased mortality when hemoglobin less than 8 gm/dL (p = 0.0006), INR 

greater than 1.4 (p = 0.0001), glucose greater than 180 mg/dL (p = 0.0003), and SBP less 

than 90 mm Hg (p < 0.0001). In the tICP subgroup, prolonged time spent in transgression 

was associated with increased mortality for ICP greater than or equal to 20 mm Hg (p < 

0.0001), glucose greater than 180 mg/dL (p = 0.0293), hemoglobin less than 8 gm/dL (p = 

0.0220), or SBP less than 90 mm Hg (p = 0.0114). Also in the tICP subgroup, a short 

duration of time spent with SBP greater than 180 mm Hg (p = 0.0071) or MAP less than 65 

mm Hg (p = 0.0133) was associated with decreased mortality; however, prolonged time 

spent with SBP greater than 180 mm Hg or MAP less than 65 mm Hg was not significantly 

associated with mortality. Associations are presented graphically in Figure 1. Complete 
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results illustrating the relationship between mortality, proportion of time spent in 

transgression, and incident transgression are illustrated for the full and tICP cohorts in 

Supplemental Table 2 (Supplemental Digital Content 3, http://links.lww.com/CCM/E406), 

Supplemental Table 3 (Supplemental Digital Content 4, http://links.lww.com/CCM/E407), 

and Supplemental Table 4 (Supplemental Digital Content 5, http://links.lww.com/CCM/

E408).

Functional Outcome

Poor outcome was found in 343 of all subjects (45.0%) as defined by stratified GOS-E. In 

the tICP subgroup, 237 (52.9%) demonstrated poor outcome. Table 4 describes the 

relationship between transgression occurrence and functional outcome in the full cohort. In 

the full cohort, the odds of poor outcome were increased with a single occurrence of either 

glucose greater than 180 mg/dL (OR, 1.7; 95% CI, 1.25–2.42; p = 0.0010) or INR greater 

than 1.4 (OR, 1.8; 95% CI, 1.19–2.61; p = 0.0046). In the tICP subgroup, the odds of poor 

outcome were increased with a single occurrence of ICP greater than or equal to 20 mm Hg 

(OR, 2.1; 95% CI, 1.24–3.71; p = 0.0064) or SBP less than 90 mm Hg (OR, 1.7; 95% CI, 

1.06–2.74; p = 0.0286) and decreased with a single occurrence of MAP less than 65 mm Hg 

(OR, 0.488; 95% CI, 0.27–0.89; p = 0.0185). Prolonged time spent in transgression was 

associated with poor outcome when glucose greater than 180 mg/dL (p < 0.0001); 

hemoglobin less than 8 gm/dL (p = 0.0035); and oxygen less than 90% (p = 0.0031). In the 

tICP subgroup, poor outcome was associated with prolonged time spent with ICP greater 

than or equal to 20 mm Hg (p = 0.0075), oxygen less than 90% (p = 0.0180), or glucose 

greater than 180 mg/dL (p = 0.0167). Short duration of time spent with MAP less than 65 

mm Hg was associated with decreased poor outcome (p = 0.0047). The relationship between 

duration of transgression and functional outcome is illustrated in Supplemental Figure 1 

(Supplemental Digital Content 6, http://links.lww.com/CCM/E409; legend: the relationship 

between time spent in transgression and mortality). Complete results illustrating the 

relationship between functional outcome, proportion of time spent in transgression, and 

incident transgression are illustrated for the full and tICP cohorts in Supplemental Table 5 

(Supplemental Digital Content 7, http://links.lww.com/CCM/E410), Supplemental Table 6 

(Supplemental Digital Content 8, http://links.lww.com/CCM/E411), and Supplemental Table 

7 (Supplemental Digital Content 9, http://links.lww.com/CCM/E412).

DISCUSSION

ProTECT III was a multicenter phase III randomized controlled trial to examine the effect of 

progesterone in moderate-severe TBI. Guidelines were developed a priori for physiologic 

goals of therapy in order to standardize treatment across sites. Clinical compliance was 

rigorously monitored. Among the 882 patients, we identified transgressions in 25% of 

monitored hours. Association between patient outcomes and specific transgressions were 

observed. These data provide a foundation for future studies to evaluate whether GDT in 

TBI has the potential to improve patient care.
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Methodological Limitations

Our study has several potential limitations. First, the data represent post hoc analysis and 

rely upon investigator documentation, introducing the possibility of measurement and 

verification error. However, the analysis was prespecified, and data were collected 

prospectively on standardized CRFs. Second, although analyses adjusted for disease 

severity, future study should examine the effect of disease phenotype. A further limitation is 

that we did not examine how goals of care, for example, strategies to prevent ventilator-

associated pneumonia, influenced results. Such potential influence of non-TBI specific 

variables requires further study. Additionally, in the ProTECT III analyses, there were not 

significant differences in outcome between patients receiving progesterone and placebo. For 

this reason, the groups are pooled together in the transgression analyses. Progesterone may 

have unidentified/previously unknown effects on outcome, and therefore this pooling may 

present a potential limitation to the analyses. GDT also has its limitations; it is constructed 

from population-based targets. Recent advances in precision medicine advocate for more 

patient-specific approaches to care (21). In large national clinical trials on new clinical 

interventions within the ICU, it is likely that a combination of precision-based medicine and 

GDT is the best approach to optimizing individualized patient care. GDT in the ProTECT III 

trial served to provide basic guidelines in the treatment of moderate and severe TBI. These 

guidelines were adapted at both general trauma ICUs and neurocritical care specialty units. 

Future research will assess how GDT guidelines are integrated with precision-based 

medicine in large scale multicenter clinical trials to study novel therapies in TBI, such as in 

the “Brain Oxygen Optimization in Severe TBI III” clinical trial. Despite the limitations of 

population-based GDT, our findings are robust. The ProTECT III study has compiled the 

largest prospectively collected database reported on physiologic variability after TBI.

GDT

GDT is a technique used in critical care that involves intensive monitoring and aggressive 

management of physiologic variables. GDT is used in multiple clinical settings; however, 

consensus on how best to apply GDT is undefined (22–25). The relationship between 

guideline adherence and outcome remains difficult to study after TBI due to many 

methodological limitations (10, 26–30). Although previous studies indicate that the use of 

GDT after TBI is associated with improved outcome, causation remains undefined.

In this study, we examined how specific physiologic goals in TBI influenced outcome. Our 

data demonstrate that inability to achieve targets, even intermittently, is associated with an 

adverse effect on mortality and morbidity. This is an important new finding in the critical 

care of TBI and suggests that efforts to achieve specific physiologic targets may help 

improve outcomes.

Physiologic Targets

We examined a variety of physiologic variables and the exclusion of three warrants 

discussion: 1) The CST did not recommend the use of prophylactic hypothermia; however, 

several centers implemented hypothermia to treat refractory ICP. Since this intervention was 

applied in a subset of severe TBI subjects, it was not possible to independently extract effect 

of temperature on outcome. Temperature was thus excluded from multivariable analysis, 
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since it may represent a transgression or a treatment effect; 2) We excluded analysis of 

Paco2, as it may represent a goal of therapy or a clinical manifestation of metabolic/

respiratory pathology; and 3) The cohort of patients who had Pbto2 monitoring was small, 

and therefore this variable will be explored in future analyses.

We identified several physiologic targets that were associated with outcome. First, we found 

that there was a significant correlation between proportion of time spent in hyperglycemia 

(glucose > 180 mg/dL) and patient morbidity/mortality. There have previously been mixed 

findings related to glycemic control (9, 21, 22). There are no current level I guidelines for 

target thresholds of hyperglycemia (17). Second, after adjusting for covariates, we found that 

proportion of time spent in anemia (hemoglobin < 8 gm/dL) adversely affected outcome. 

This is consistent with other studies that find that hemoglobin greater than or equal to 9 g/L 

is associated with improved functional outcome and that hemoglobin concentration less than 

9 g/L is associated with mortality (15, 31). This is an important finding since transfusion 

thresholds in TBI have yet to be clearly defined. Hemoglobin, INR, and platelet goals after 

TBI are complex and are influenced by both polytrauma physiology and cerebral 

pathophysiology. Boutin et al (32) identified trauma severity and coagulopathy as significant 

determinants of blood transfusion of packed RBCs after TBI. However, the authors were 

unable to define a relationship between transfusion and outcome due to multiple physiologic 

confounders, as well as their use of a single admission measurement of hemoglobin (32). 

Ngwenya et al (33) assessed a convenience sample of 1,565 patients treated with either 

restrictive (hemoglobin > 7 g/dL) or liberal (hemoglobin > 10 g/dL) transfusion protocols 

during a period between 2011 and 2014. During these years, the ICU protocols shifted to a 

restrictive threshold at their institution. These researchers found that liberal transfusion was 

significantly associated with increased frequency of fever, but not associated with any 

difference in ICU length of stay, ventilation days, lung injury events, or thromboembolism 

(33). Such retrospective analyses, do not adequately assess for the effect of confounders, 

such as duration of anemia, duration of concurrent coagulopathy, or additional polytrauma 

physiology. In our data set, we analyze the relationships between multiple physiologic 

confounders and assess the effect of each individual variable on outcome. We observed that 

a single occurrence of INR greater than 1.4 was associated with a fivefold increase in the 

odds of mortality. The importance of coagulopathy in TBI is well defined and can influence 

resuscitation, fluid administration, need for transfusion, and progression of intracranial 

hemorrhage (34). Additionally, we found that both a single occurrence and prolonged time 

with ICP greater than or equal to 20 mm Hg was associated with increased morbidity and 

mortality. This is important since previous studies describe a relationship between increased 

ICP and mortality but not functional outcome (35). In addition, they call into question the 

latest Brain Trauma Foundation’s guidelines that suggest the recommended ICP threshold 

should be 22 mm Hg (36). Our findings are consistent with prior analyses that show 

decreased mortality with adherence to GDT for ICP and CPP variables (22, 26, 27). It is 

important to recognize that a single threshold for ICP may be an oversimplification of a 

complex problem and that patient-specific thresholds, as well as the effect of cerebral 

autoregulation needs further study (37). Our data also illustrated that a single occurrence of 

CPP less than 60 mm Hg was associated with increased mortality. Although we were unable 

to examine cerebral autoregulation, our data support previous observations that suggest a 
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CPP of 60 mm Hg is reasonable. However, optimization of individual patient CPP should be 

studied in future research (33). We observed that prolonged time spent with oxygen less than 

90% was associated with poor outcome in the tICP group, this is consistent with the existing 

literature. Finally, we observed that prolonged duration of SBP less than 90 mm Hg was 

associated with increased mortality and a single occurrence of SBP less than 90 mm Hg was 

associated with increased morbidity. Hypotension is a well-known risk factor for adverse 

outcome after TBI. Our results are consistent with others that confirm a U-shaped 

relationship between SBP and outcome (35). We observed that a single occurrence of SBP 

greater than 180 mm Hg or MAP less than 65 mm Hg was inversely associated with 

mortality. The inverse relationship between one episode of MAP less than 65 mm Hg and 

mortality is unexpected. It is possible that this relationship may be attributed to treatment 

effect, that is, that nonsustained hypotension was in fact—hypotension responsive to 

treatment. Further analyses would be necessary to quantify the treatment of hypotension 

within the study sample in order to evaluate this hypothesis.

Limitations to this research include the inability to examine cerebral autoregulation via 

continuous data. Therefore, the bimodal effects of SBP/MAP are not captured in our 

statistical model. An additional limitation is that methods to zero a transducer (e.g., tragus vs 

phlebostatic axis) varied across sites, and that data integrity (e.g., events related to 

transduction of arterial line) introduced variability in measured values. Nevertheless, the 

results suggest that the BTF guideline of a SBP greater than 90 mm Hg is reasonable, 

although there are no level I or II recommendations to support this (17, 34). Further study 

will be required to elucidate the role of patient-specific goals (11, 21).

CONCLUSIONS

Robust standardization of care and data management were implemented across the ProTECT 

III clinical trial. Adherence to the guidelines was quantified hourly at participating centers, 

and daily feedback about compliance were provided to each center. We found a significant 

association between GDT and outcome across multiple variables. The findings provide a 

foundation for future research to prospectively assess the relationships between physiologic 

targets of therapy and outcomes after TBI.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
The relationship between time spent in transgression and mortality. The proportion of 

observed hours spent in transgression is represented on the x-axis. An indicator located at x 

= 0, represents the class of subjects who did not experience the transgression. An indicator at 

the midpoint of each quartile represents increasing proportions of time spent in 

transgression. The y-axis represents the predicted outcome probability; a separate line is 

presented for each severity strata. Although the simple models from which these graphs are 

derived include adjustments for treatment and gender, these effects were not significant; the 
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plots have therefore smoothed over treatment and gender to focus on the effect of duration. 

ICP = intracranial pressure, iGCS = initial Glasgow Coma Scale, INR = international 

normalized ratio.
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TABLE 1.

Initial Definitions of Transgressions in Physiologic Goals of Therapy

Transgression Variable Definition

Mean arterial pressure < 80 mm Hg

Systolic blood pressure

 Low < 100 mm Hg

 High > 180 mm Hg

Intracranial pressure ≥ 20 mm Hg

Hemoglobin < 8 gm/dL

International normalized ratio > 1.4

Platelets <75 × 103/mm3

Oxygen saturation < 90%

Temperature

 Low < 36.0°C (96.8°F)

 High > 38.3°C (101°F)

Brain tissue oxygen tension < 15 mm Hg

Cerebral perfusion pressure < 60 mm Hg

Pao2 < 100 mm Hg

Glucose

 Low < 80 mg/dL

 High >180 mg/dL
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