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Abstract

Background/Objective: Optimizing blood pressure is an important target for intervention 

following pediatric traumatic brain injury (TBI). Existing literature has examined the association 

between systolic blood pressure (SBP) and outcomes. Mean arterial pressure (MAP) is a better 

measure of organ perfusion than SBP and is used to determine cerebral perfusion pressure but has 

not been previously examined in relation to outcomes after pediatric TBI. We aimed to evaluate 

the strength of association between MAP-based hypotension early after hospital admission and 

discharge outcome, and to contrast the relative strength of association of hypotension with 

outcome between MAP-based and SBP-based blood pressure percentiles.

Methods: We examined the association between lowest age-specific MAP percentile within 12 

hours after pediatric intensive care unit admission and poor discharge outcome (in-hospital death 

or transfer to a skilled nursing facility) in children with severe (Glasgow Coma Scale score <9) 

TBI who survived at least 12 hours. Poisson regression results were adjusted for maximum head 

Abbreviated Injury Scale (AIS) severity score, maximum non-head AIS, and vasoactive 

medication use. We also examined the ability of lowest MAP percentile during the first 12 hours to 

predict discharge outcomes using receiver operating curve characteristic analysis without 

Terms of use and reuse: academic research for non-commercial purposes, see here for full terms. https://www.springer.com/aam-
terms-v1

Corresponding Author: Elizabeth Killien, MD MPH, Pediatric Critical Care Medicine FA 2.112, 4800 Sand Point Way NE, Seattle, 
WA 98105, elizabeth.killien@seattlechildrens.org, (206) 987-5391. 

Publisher's Disclaimer: This Author Accepted Manuscript is a PDF file of an unedited peer-reviewed manuscript that has been 
accepted for publication but has not been copyedited or corrected. The official version of record that is published in the journal is kept 
up to date and so may therefore differ from this version.

The authors have no conflicts of interest relevant to this article to disclose. The authors have no financial relationships relevant to the 
article to disclose.

HHS Public Access
Author manuscript
Neurocrit Care. Author manuscript; available in PMC 2022 June 01.

Published in final edited form as:
Neurocrit Care. 2021 June ; 34(3): 1017–1025. doi:10.1007/s12028-020-01121-z.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.springer.com/aam-terms-v1
https://www.springer.com/aam-terms-v1


adjustment for covariates. We contrasted the predictive ability and the relative strength of 

association of blood pressure with outcome between MAP and SBP percentiles.

Results: Data from 166 children age <18 years were examined, of whom 20.4% had a poor 

discharge outcome. Poor discharge outcome was most common among patients with lowest MAP 

<5th percentile (42.9%; aRR 5.3 vs. 50th-94th percentile, 95% CI 1.2, 23.0) and MAP 5th-9th 

percentile (40%; aRR 8.5, 95% CI 1.9, 38.7). Without adjustment for injury severity or vasoactive 

medication use, lowest MAP percentile was moderately predictive of poor discharge outcome 

(AUC:0.75, 95% CI 0.66, 0.85). In contrast, lowest SBP was associated with poor discharge 

outcome only for the <5th percentile (50%; aRR 5.4, 95% CI 1.3, 22.2). Lowest SBP percentile 

was moderately predictive of poor discharge outcome (AUC: 0.82, 95% CI 0.74, 0.91).

Conclusions: In children with severe TBI, a single MAP <10th percentile during the first 12 

hours after Pediatric Intensive Care Unit admission was associated with poor discharge outcome. 

Lowest MAP percentile during the first 12 hours was moderately predictive of poor discharge 

outcome. Lowest MAP percentile was more strongly associated with outcome than lowest SBP 

percentile but had slightly lower predictive ability than SBP.
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Introduction

Traumatic brain injury (TBI) is a leading cause of pediatric death and disability worldwide.1 

While the severity of the primary injury may determine outcome, outcomes are also affected 

by second insults such as hypoxia, hypercarbia, and/or high intracranial pressure (ICP) that 

arise from injury cascades after initial TBI.2 Early systemic hypotension after severe TBI is 

a well-recognized cause of secondary brain injury and is associated with poor discharge 

outcomes3–7 Early detection and correction of hypotension after severe TBI is considered 

paramount to optimizing both cerebral and patient-level outcomes.

Several pediatric studies have examined the effect of blood pressure in severe TBI but there 

are currently no consistent or national-level age-specific recommendations for systemic 

blood pressure targets for children with TBI.2,8,9 Kokoska et al. reported that hypotension 

occurring during the first 24 hours of hospitalization post-injury was associated with worse 

Glasgow Outcome scale (GOS).5 Coates and Santama et al. demonstrated that systolic blood 

pressure (SBP) <5th percentile in the pre-hospital period and emergency department were 

more strongly associated with poor hospital discharge GOS than hypotension occurring 

later, suggesting a need for early intervention.7 We previously demonstrated that age-specific 

SBP percentiles were more strongly associated with discharge GOS <4 than the static 

measure of SBP <90mmHg.4 Suttipongkaeset et al. used a large dataset to demonstrate that 

SBP <75th percentile was associated with in-hospital mortality, suggesting that SBP 

percentiles higher than previously considered may be beneficial in pediatric TBI.3
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While all pediatric TBI studies to date have defined hypotension using SBP percentile, mean 

arterial pressure (MAP) is a better measure of organ perfusion than SBP.10,11 In TBI care, 

MAP is essential in the estimation of cerebral perfusion pressure (CPP) by the formula CPP 

= MAP–ICP,12 and maintenance of CPP is recommended by the Brain Trauma Foundation 

to improve patient outcomes.9 However, ICP monitors are not always placed in severe TBI 

care, leaving clinicians with only MAP to estimate CPP. Furthermore, while invasive 

measurement of blood pressure is the gold-standard for detecting hypotension, invasive 

blood pressure monitors are not always placed routinely on pediatric patients with severe 

TBI We conducted this study to determine if and how non-invasively measured MAP can be 

used to understand outcomes in severe pediatric TBI relative to non-invasively measured 

SBP. Our primary objectives were to evaluate the strength of association between lowest 

MAP percentile in the first 12 hours after pediatric intensive care unit (PICU) admission and 

discharge outcome, to test the ability of lowest MAP percentile to predict discharge 

outcome, and to contrast the relative strength of association of blood pressure with outcome 

between MAP and SBP percentiles.

Methods

Study Design and Setting:

We performed a secondary analysis of the Pediatric Guidelines Adherence and Outcomes 

(PEGASUS) study cohort at Harborview Medical Center.13

Harborview Medical Center is a 450-bed mixed Level 1 adult and pediatric trauma hospital 

that serves the five-state Pacific Northwest region (Alaska, Idaho, Montana, Washington, 

and Wyoming). The 18-bed PICU admits approximately 120 children with TBI annually. 

Patients are discharged from Harborview Medical Center to their home, Seattle Children’s 

Hospital inpatient rehabilitation unit, skilled nursing facilities, or long-term care facilities.

The University of Washington Institutional Review Board approved this study with waiver of 

informed consent.

Study Participants

Patients were age <18 years with intracranial hemorrhage on head CT and GCS <9 at any 

point during their PICU stay who survived the first 12 hours after PICU admission.

Data Collection

Data on demographic characteristics, injury severity, and discharge outcomes were obtained 

from the Harborview Trauma Registry and electronic health record (EHR). Blood pressure 

values were extracted from the EHR.

SBP and Diastolic Blood Pressure (DBP) were made manually by an automated machine 

and entered by PICU nurses into the EHR at least hourly from the time of PICU admission. 

MAP was calculated by the formula: MAP = DBP + 1/3 * (SBP-DBP).14 MAP and SBP 

data were transformed to age-specific percentiles based on population distributions 

published by Haque et al (Supplementary Table 1).15 Each patient’s lowest MAP and SBP 

percentile during the first 12 hours from PICU admission was determined and categorized as 
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<5th, 5th-9th, 10th-24th, 25th-49th, 50th-94th or ≥95th percentile. The first 12 hours was chosen 

to include the period of most active resuscitation for most patients while providing sufficient 

hypotension exposure time to be able to associate and predict outcomes. A CPP of >40 

mmHg was targeted for all patients in the PEGASUS cohort.

Outcome Variables

Discharge outcome was categorized as either “favorable” (discharge home or to an inpatient 

or outpatient rehabilitation service) or “poor” (in-hospital death or discharge to a skilled 

nursing facility or long-term care facility). We performed sensitivity analyses using in-

hospital mortality alone as the outcome.

Data Analysis

We used descriptive statistics to examine demographic and injury characteristics stratified by 

discharge outcome. To evaluate the concordance between MAP and SBP percentiles, we 

determined the median difference between each recorded MAP percentile and its associated 

SBP percentile. To examine the association between lowest MAP percentile over the first 12 

hours from PICU admission and poor discharge outcome, we used unadjusted and adjusted 

Poisson regression with robust standard errors, modeling MAP percentile as a categorical 

variable: <5th, 5th-9th, 10th-24th, 25th-49th, 50th-94th or ≥95th percentile. The referent 

category was patients whose lowest MAP percentile over 12 hours was in the 50th-94th 

percentile.3,13 Covariates were selected by determining the minimum set of covariates that 

could account for the majority of the effect of any confounding. Analyses were adjusted for 

head Abbreviated Injury Scale (AIS) severity score, non-head AIS, and vasoactive 

medication use. To examine the extent to which there may have been confounding due to 

increased observation of more severe cases, we performed sensitivity analyses using only the 

first MAP percentile value per hour from PICU admit for each patient. We repeated each of 

these analyses using SBP percentile.

To examine the possible predictive utility of MAP percentile, we tested the ability of the 

lowest MAP percentile during the first 12 hours to predict poor discharge outcome or in-

hospital mortality using receiver operating curve characteristic analysis. We performed a 

DeLong test to determine if the predictive ability of the lowest MAP percentile was 

significantly different than the predictive ability of the lowest SBP percentile. Youden 

indices were computed to evaluate thresholds that maximized sensitivity and specificity.

All statistical analyses were performed with R version 3.5.3.

Results

Participants

Of the PEGASUS patients admitted to the PICU with severe TBI, 166 (94.9%) survived the 

first 12 hours from PICU admission and constituted our analytical cohort. Thirty-four 

(20.4%) patients had poor discharge outcomes, including 29 (17.4%) patients who died in 

the hospital. Compared to patients with favorable discharge outcomes, patients with poor 

discharge outcome were younger (median [IQR] 8.9 [2.5, 16.3] vs. 11.8 [4.0, 15.9] years), 
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more commonly had sustained abusive TBI (17.6% vs. 4.5%), had a higher maximum head 

AIS (median [IQR] 5 [5, 5] vs. 4 [4, 5] and non-head AIS (3 [2, 4] vs. 2 [1, 3]), and more 

frequently had vasoactive medication use (29.4% vs. 1.5%) (Table 1). Among a subset of 

individuals who experienced one or more MAP < 5th percentile, compared to patients with 

favorable discharge outcomes, patients with poor discharge outcomes had greater injury 

severity scores (Median [IQR] 40.0 [27.5, 58.5] vs. 27.0 [21.0, 34.3] (Supplementary Table 

2).

Exposure Data

Overall, 3,321 MAP data points were recorded for the cohort during the first 12 hours after 

PICU admission. Patients had a median of 19 MAP values each (IQR 13, 24). MAP 

percentiles were an average of 10% (SD 17.1) lower than their associated SBP percentiles 

(Supplemental Figure 1). Arterial blood pressure was available for 87 (52.4%) of patients.

Association between MAP and Discharge Outcome

Poor discharge outcome most commonly occurred in children with lowest MAP in the <5th 

percentile (18/42, 42.9%) and 5-9th percentile (4/10, 40%), while the lowest proportion of 

poor discharge outcome occurred in children with lowest MAP in the 50th-94th percentile 

(2/42, 4.8%) (Table 2). Relative to patients with lowest MAP in the 50th-94th percentile, 

patients with lowest MAP <5th percentile had an adjusted relative risk (aRR) of 5.3 (95% CI 

1.2, 23.0) for poor discharge outcome after adjustment for head AIS, non-head AIS, and 

vasoactive medication use. Patients with lowest MAP in the 5th-9th percentile had an aRR of 

8.5 (95% 1.9, 38.7) for poor discharge outcome. No other MAP percentile categories were 

associated with discharge outcome. There was no statistically different risk of poor 

discharge outcome between patients with lowest MAP <5th percentile and those with lowest 

MAP 5th – 9th percentile.

Association between SBP and Discharge Outcome

SBP was associated with poor discharge outcome in only the lowest percentile category, 

with 50% of patients with a lowest SBP <5th percentile experiencing poor discharge 

outcome (aRR 5.4 vs. 50th-94th percentile, 95% CI 1.3, 22.2) More than 80% of poor 

outcomes occurred in the <5th percentile category (Table 2).

Sensitivity Analyses

In-hospital death was highest among those with lowest MAP <5th percentile (17/42, 40.5%) 

and 5th-9th percentile (3/10, 30%) and the lowest mortality occurred among patients with a 

lowest MAP in the 50th-94th percentile (2/42, 4.8%) (Table 3). Relative to patients with 

lowest MAP in the 50th-94th percentile, patients with lowest MAP <5th percentile had an 

aRR of 5.3 (95% CI 1.2, 23.5) for death and patients with lowest MAP in the 5th-9th 

percentile had an aRR of 7.2 (95% 1.4, 36.3). No other MAP percentile categories were 

significantly associated with risk of death. There was no statistically significant different in 

risk of death between patients with lowest MAP <5th percentile and 5-9th percentile (p= 

0.43). For SBP, 42.9% of patients with SBP <5th percentile died (aRR 4.6, 95% CI 1.1, 19.9) 

and no other SBP percentile categories were significantly associated with risk of death.
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When blood pressure measurements were restricted to a single recording per hour, lowest 

MAP <5th percentile was similarly associated with poor discharge outcome (aRR 3.6, 95% 

CI 1.3, 9.8) and in-hospital mortality (aRR 3.4, 95% CI 1.1, 9.9) relative to lowest MAP in 

the 50th-94th percentile, though associations were reduced in lowest MAP in the 5th-9th 

percentile (aRR 2.5 95% CI 0.8, 8.0) (Supplemental Table 3). Similar to the primary 

analysis, SBP <5th percentile was associated with both poor discharge outcome (aRR 6.6, 

95% CI 1.6, 26.8) and in-hospital mortality (aRR 5.0, 95% CI 1.2, 21.2) (Supplemental 

Table 4).

Predictive Analyses

Using separate, unadjusted models where MAP/SBP was the sole predictor, the receiver 

operating curve analyses for lowest MAP and SBP percentiles to predict poor discharge 

outcome and in-hospital mortality are shown in Figure 1. When predicting poor discharge 

outcomes, lowest MAP percentile had an AUC=0.75 (95% CI 0.66, 0.85), and lowest SBP 

percentile had an AUC=0.82 (95% CI 0.72, 0.91). The difference in AUC was found to be 

statistically significant (p = 0.003). When predicting in-hospital mortality, lowest MAP 

percentile had an AUC=0.76 (95% CI 0.66, 0.87) and lowest MAP percentile had an 

AUC=0.82 (95% CI 0.74, 0.91), which was also a statistically significant difference 

(p=0.02).Peak Youden index (YI, sensitivity + sensitivity − 1) to detect poor discharge 

outcome occurred at a lowest MAP percentile of 10.2% (YI=0.45) and lowest SBP 

percentile of 6.7% (YI=0.62). The peak YI to determine likelihood of in-hospital mortality 

occurred at a lowest MAP percentile of 10.2% (YI=0.49) and lowest SBP percentile of 4.6% 

(YI=0.60) (Figure 2).

Discussion

This study examining MAP and outcomes following severe pediatric TBI demonstrated that 

a single MAP <10th percentile in the first 12 hours after PICU admission was strongly 

associated with poor discharge outcome, and that the lowest MAP percentile in the first 12 

hours had moderate ability to predict discharge outcomes. When compared to the lowest 

SBP percentile in the first 12 hours, MAP percentile was more strongly associated with 

outcome but its ability to predict outcome without adjustment for injury severity or 

vasoactive medication use was slightly lower than for SBP percentile. Thresholds of <10.2 

percentile for MAP and <6.7 percentile for SBP provided the greatest overall sensitivity and 

specificity for poor outcome. To the best of our knowledge, this is the first study to evaluate 

MAP as a measure of hypotension in severe pediatric TBI. This study demonstrates the 

potentially important role of MAP percentile as a therapeutic target early in PICU care.

Given the known physiological relationship between MAP and organ perfusion, we 

hypothesized that low MAP may be strongly associated with poor discharge outcome.11 

Previous research has identified an association between SBP and poor discharge outcomes.
3–5,7 However, many factors that are important to brain perfusion may mediate, confound, or 

modify the relationship between hypotension and outcomes but are not considered when 

using SBP definitions.3,16 An example is cerebral autoregulation, a homeostatic process in 

which decreases in MAP (and by extension CPP) result in vasodilation in the presence of 
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hypotension to preserve cerebral perfusion. When this protective homeostatic mechanism is 

disrupted, decreases in MAP result in decreases in CPP, causing ischemia and poor 

outcomes. Impaired autoregulation is common following TBI and contributes to poor 

outcome.17 A key consequence of this compromise is a decrease in CPP and cerebral blood 

flow as blood pressure decreases.

Our results suggest that interventions to maintain MAP above the 10th percentile for age 

may merit examination to mitigate the neurologic injury resulting from impaired cerebral 

autoregulation. Identifying appropriate MAP percentile thresholds may, additionally, allow 

clinicians to preemptively “account” for autoregulatory impairment in determining blood 

pressure targets.18 Our study lays the foundation for this future work to identify whether the 

associations we have identified are potential treatment targets. Finally, use of MAP 

percentile may be more desirable than SBP percentile in contexts where ICP monitoring is 

not common.19,20 Despite historical use of SPB goals and targets, estimates of brain 

perfusion based on MAP rather than SBP are more physiologic. We cannot assume a given 

ICP without direct monitoring but further development of MAP thresholds may allow for 

empirical bedside adjustments of MAP goals while either pending ICP monitor placement or 

as empirical targets. Given the worldwide TBI burden, a MAP-based hypotension measure 

may have widespread application.

While our study lacked the sample size to definitively address whether MAP-based 

percentile thresholds were significantly more associated with poor discharge outcome than 

SBP-based percentile thresholds, we did identify that the relative strength of association of 

blood pressure with outcome was stronger for MAP than for SBP. Additionally, the MAP 

threshold associated with poor discharge outcome was higher than the SBP threshold 

associated with poor outcome, demonstrating that age-based percentiles of MAP and SBP 

are not equivalent. Future work is needed to evaluate the various definitions of hypotension 

in relation to organ perfusion and outcomes in pediatric TBI and pediatric trauma, especially 

when comparing MAP percentiles to SBP percentiles.

We intentionally examined prognostication to complement our explanatory analysis, which 

allowed us to test the value of unadjusted MAP and SBP percentiles over the first 12 hours 

as predictors of discharge outcome. Our results demonstrate that lowest MAP and SBP 

percentiles within 12 hours of PICU admission are moderate predictors of future poor 

discharge outcome. The Youden index is a summary statistic of the ROC curve which 

determines the cut-point that optimizes a threshold’s differentiating ability when equal 

weight is given to sensitivity and specificity; a value of zero corresponds to agreement only 

by chance and a value of one corresponds to complete agreement between metrics. The 

Youden index can also be interpreted as the reciprocal of the number needed to diagnose 

(NND), or the number of patients who need to be examined to correctly detect one person 

with the disease of interest in a study population of persons with and without the known 

disease.21 We observed a peak Youden index accuracy for MAP to be 0.62 at the 10.2 

percentile, which corresponds to a NND of 1.61. This means that approximately 3 patients 

will be diagnosed correctly for discharge outcome for every 5 patients evaluated for whether 

the patient’s minimum MAP percentile over the first twelve hours from PICU admission was 

greater than or less than 10.2.
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Notably, the AUC for SBP was higher than the AUC for MAP, suggesting that the single 

lowest SBP value may be more strongly predictive of discharge outcome than the single 

lowest MAP value when not adjusted for injury severity or vasoactive medication use. While 

predictive analysis is explicitly not causal, it can be used as a basis for future exploratory 

work. Our analyses suggest a potentially new value for the role of MAP percentiles in not 

only identifying patients at risk of poor outcomes but also highlighting thresholds for future 

research to examine potential interventions to improve outcomes. Future work should 

confirm MAP thresholds identified in our study to examine their validity and further utility 

in relation to SBP thresholds.

There were several limitations to this study. First, this was a secondary analysis of data from 

an observational study and was likely subject to residual confounding. Second, our analysis 

excluded patients who did not survive the first 12 hours which limits the generalizability of 

our results, but this timeframe was important to ensure all patients had an equal opportunity 

for exposure. Third, this was a single center study and our findings must be externally 

validated. Fourth, we noted a decreased association between poor discharge outcome and 

lowest MAP percentile when a single hourly value was used, suggesting potential bias 

arising from more frequent monitoring of the most severely injured patients. However, this 

limitation is also informative in that future work should consider use of more datapoints 

during external validation. Fifth, we were unable to control for several factors in the 

collection of blood pressure. As data was collected approximately hourly, we were unable to 

capture beat to beat variability which may have resulted in a loss of study accuracy. 

Additionally, we were unable to isolate the location and method by which blood pressure 

was measured. As blood pressure measurements differ by measurement location this may 

have introduced confounding in our study. The use of automated cuff measurements of SBP 

may have overestimated the association between MAP and outcomes. Sixth, although we 

had a rationale for examining MAP at the 12-hour mark, this may or may not be the optimal 

time point for prediction. Seventh, our covariate choice was conservative to minimize 

collinearity, however this may have resulted in uncontrolled confounding. Finally, due to the 

low availability of invasive blood pressure measurements we were unable to assess the 

relative accuracy of non-invasively measured BP.

Conclusions

MAP <10th percentile during the first 12 hours after PICU admission was associated with a 

higher risk of poor discharge outcome in children with severe TBI when compared to 

children whose lowest MAP percentile was between the 50th and 94th percentile. MAP 

percentile predicted poor outcomes and the highest accuracy for this prediction was a MAP 

threshold of the 10.2 percentile during the first 12 hours of PICU admission. Notably our 

data does not yet support targeting MAP as a hemodynamic target. Future studies should 

examine the benefit of using MAP percentile over SBP percentile in children with severe 

TBI.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Receiver operating characteristic curve depicting accuracy of mean arterial pressure 
(MAP) percentile and systolic blood pressure (SBP) percentile.
Area under curves (AUC) for MAP and SBP percentile to detect favorable discharge 

outcome and likelihood of survival are shown.
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Figure 2A and 2B. 
Youden index corresponding to cutoffs established at corresponding lowest mean arterial 

pressure (MAP) percentiles and systolic blood pressure (SBP) percentiles at 12 hours from 

PICU admission to detect likelihood of poor discharge outcome (2A) and in-hospital 

mortality (2B).
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Table 1:

Clinical characteristics of patients admitted with severe TBI who survived the first 12 hours from PICU 

admission (n=166)

Poor discharge outcome n=34 (20.5%) Favorable discharge outcome n=132 (79.5%)

Age (years), n (%)

 < 1 5 (14.8) 9 (6.8)

 1 – 5 11 (32.4) 37 (28.0)

 6 – 12 2 (5.9) 23 (17.4)

 13 – 17 16 (47.7) 63 (47.7)

Males, n (%) 22 (64.7) 93 (70.5)

Mechanism of TBI, n (%)

 Motor vehicle crash 10 (29.4) 45 (34.1)

 Fall 6 (17.6) 34 (25.8)

 Struck by vehicle 6 (17.6) 30 (22.7)

 Abusive TBI 6 (17.6) 6 (4.5)

 Other 6 (17.6) 17 (13.9)

GCS score on admission to PICU, median [IQR] 3.0 [3.0, 4.0] 8.0 [6.0, 10.3]

Highest AIS head score, median [IQR] 5.0 [5.0, 5.0] 4.0 [4.0, 5.0]

Highest AIS non-head score, median [IQR] 3.0 [2.0, 4.0] 2.0 [1.0, 3.0]

Injury Severity Score, median [IQR] 40.0 [27.5, 58.5] 27.0 [21.0, 34.3]

Polytrauma, n (%) 20 (58.8) 52 (39.4)

Vasoactive medication use, n (%) 10 (29.4) 2 (1.5)

Any surgery, n (%) 17 (50.0) 87 (65.9)

Craniotomy, n (%) 10 (29.4) 37 (28.0)

Intracranial pressure monitoring, n (%) 11 (32.4) 52 (39.4)

Experienced brain herniation 23 (67.6) 37 (28.0)

Avoidance of unwanted hypocarbia, n (%) * 5 (50.0) 61 (75.3)

Maintenance of all CPP > 40mmHg, n (%) 13 (38.2) 93 (70.5)

Early initiation of nutrition, n (%) 15 (44.1) 124 (93.9)

AIS=Abbreviated Injury Scale. CPP=cerebral perfusion pressure. ED=emergency department. EMS=emergency medical services. GCS=Glasgow 
Coma Scale. IQR=interquartile range. PICU=pediatric intensive care unit. TBI=traumatic brain injury.

*
In patients without brain herniation
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Table 2:

Association between lowest mean arterial pressure percentile and lowest systolic blood pressure percentile 

over the first 12 hours from PICU admit and poor discharge disposition among patients admitted to the PICU 

with severe TBI who survived 12 hours from PICU admission (n=166).

Mean Arterial Pressure Systolic Blood Pressure

Lowest blood 
pressure percentile

Poor discharge 
outcome N (%)

Relative Risk
Poor discharge 
outcome N (%)

Relative Risk

Unadjusted Adjusted* Unadjusted Adjusted*

< 5th 18/42 (42.9) 9.0 (2.2, 36.4) 5.3 (1.2, 23.0) 28/56 (50.0) 6.8 (1.7, 26.3) 5.4 (1.3, 22.2)

5th - 9th 4/10 (40.0) 8.4 (1.8, 39.6) 8.5 (1.9, 38.7) 3/22 (13.6) 1.8 (0.3, 10.1) 1.8 (0.3, 10.0)

10th – 24th 5/35 (14.3) 3.0 (0.6, 14.5) 2.7 (0.6, 12.3) 0/28 (0.0) n/a n/a

25th - 49th 4/30 (13.3) 2.8 (0.5, 14.3) 2.7 (0.5, 13.6) 1/31 (3.2) 0.4 (0, 4.5) 0.4 (0, 4.7)

50th-95th 2/42 (4.8) Referent Referent 2/27 (7.4) Referent Referent

≥ 95th 1/7 (14.3) 3.0 (0.3, 28.8) 2.7 (0.3, 24.8) 0/2 (0.0) n/a n/a

AIS=Abbreviated Injury Scale severity score. PICU=Pediatric Intensive Care Unit. TBI=traumatic brain injury.

*
Analyses adjusted for severe head injury (head AIS > 3), severe non-head injury (maximum non-head AIS > 3), and vasoactive use within the first 

twelve hours of PICU admission (Y/N)
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Table 3:

Association between lowest mean arterial pressure percentile and lowest systolic blood pressure percentile 

over the first 12 hours from PICU admit and in-hospital mortality among patients admitted to the PICU with 

severe TBI who survived 12 hours from PICU admission (n=166).

Mean Arterial Pressure Systolic Blood Pressure

Lowest blood 
pressure percentile

In-hospital mortality 
N (%)

Relative Risk
In-hospital mortality 

N (%)

Relative Risk

Unadjusted Adjusted* Unadjusted Adjusted*

< 5th 17/42 (40.5) 8.5 (2.1, 34.5) 5.3 (1.2, 23.5) 24/56 (42.9) 5.8 (1.5, 22.7) 4.6 (1.1, 19.9)

5th - 9th 3/10 (30.0) 6.3 (1.2, 32.8) 7.2 (1.4, 36.3) 2/22 (9.1) 1.2 (0.2, 8.0) 1.3 (0.2, 8.8)

10th – 24th 4/35 (11.4) 2.4 (0.5, 12.3) 2.3 (0.5, 11.4) 0/28 (0) n/a n/a

25th - 49th 2/30 (6.7) 1.4 (0.2, 9.4) 1.4 (0.2, 9.5) 1/31 (3.2) 0.4 (0, 4.5) 0.5 (0, 4.7)

50th-95th 2/40 (4.8) Referent Referent 2/27 (7.4) Referent Referent

≥ 95th 1/7 (14.3) 3.0 (0.3, 28.8) 3.1 (0.3, 28.7) 0/2 (0) n/a n/a

AIS=Abbreviated Injury Scale severity score. PICU=Pediatric Intensive Care Unit. TBI=traumatic brain injury.

*
Analyses adjusted for severe head injury (head AIS > 3), severe non-head injury (maximum non-head AIS > 3), and vasoactive use within the first 

twelve hours of PICU admission (Y/N)

Neurocrit Care. Author manuscript; available in PMC 2022 June 01.


	Abstract
	Introduction
	Methods
	Study Design and Setting:
	Study Participants
	Data Collection
	Outcome Variables
	Data Analysis

	Results
	Participants
	Exposure Data
	Association between MAP and Discharge Outcome
	Association between SBP and Discharge Outcome
	Sensitivity Analyses
	Predictive Analyses

	Discussion
	Conclusions
	References
	Figure 1.
	Figure 2A and 2B.
	Table 1:
	Table 2:
	Table 3:

