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Background—E&arly hypotension following severe traumatic brain injury (sTBI) is associated
with increased mortality and poor long-term outcomes. Current guidelines suggest the use of
intravenous vasopressors, commonly norepinephrine and phenylephrine, to support blood pressure
following TBI. However, guidelines do not specify vasopressor type, resulting in variation

in clinical practice. We describe early vasopressor utilization patterns in critically ill patients

with TBI and examine the association between utilization of norepinephrine, compared to
phenylephrine, with hospital mortality following sTBI.

Methods—We conducted a retrospective cohort study of United States hospitals participating in
the Premier Healthcare Database between 2009-2018. We examined adult patients (>17 years)
with a primary diagnosis of sTBI who received care in an intensive care unit (ICU) following
injury. The primary exposure was vasopressor choice (phenylephrine versus norepinephrine)
within the first two days of hospital admission. The primary outcome was in-hospital mortality.
Secondary outcomes examined included hospital length of stay (LOS) and intensive care unit
LOS. We conducted a post-hoc subgroup analysis in all patients with ICP monitor placement.
Regression analysis was used to assess differences in outcomes between patients exposed to
phenylephrine versus norepinephrine, with propensity-matching to address selection bias due to
the non-random allocation of treatment groups.

Results—From 2009-2018, 24,718 (37.1%) of 66,610 sTBI patients received vasopressors
within the first two days of hospitalization. Among these patients, 60.6% (n=14991) received
only phenylephrine, 10.8% (n=2668) received only norepinephrine, 3.5% (n=877) received other
vasopressors, and 25.0% (n=6182) received multiple vasopressors. In that time period, use of

all vasopressors following sTBI increased. A moderate degree of variation in vasopressor choice
was explained at the individual hospital level (23.1%). In propensity-matched analysis, use of
norepinephrine, compared to phenylephrine, was associated with an increased risk of in-hospital
mortality (OR 1.65, Cl 1.46-1.86, p <0.0001).

Conclusions—Early vasopressor utilization among critically ill patients with sSTBI is

common, increasing over the last decade, and varies across hospitals caring for TBI patients.
Norepinephrine, compared to phenylephrine, was associated with increased risk of in-hospital
mortality in propensity-matched analysis. Given the wide variation in vasopressor utilization and
possible differences in efficacy, our analysis suggests the need for randomized controlled trials to
better inform vasopressor choice for patients with sTBI.

Introduction

Traumatic brain injury (TBI) is a leading cause of death and long-term disability in the
United States (US) and globally=3. With over 252,000 annual hospitalizations and 56,600
deaths attributable to TBI in the US, treatment of critically ill patients with head injury

is a significant challenge for healthcare providers. In recent years, greater understanding

of the systemic effects of severe TBI (sTBI) has resulted in strategies for multi-organ

system management aimed at reducing secondary brain injury in addition to primary brain
injury*-5. In particular, maintenance of blood pressure following TBI allows adequate
cerebral perfusion pressure (CPP) to the injured brain8. Unfortunately, it is estimated that
around 20% to 66% of patients with moderate to severe head injury have at least one episode
of early hypotension following TBI7-10, Early hypotension after TBI can trigger cerebral
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ischemia, compromise cerebral hemodynamics, and is associated with increased mortality
and worse clinical outcomes’1-15. Therefore, blood pressure management and avoidance of
hypotension with vasopressors are vital components of clinical TBI management.

Current TBI patient care guidelines support maintenance of systolic blood pressure (SBP)
>100 mm Hg for patients 50-69 years and >110 mm Hg for patients 15-49 or >70 years,
but do not include specific recommendations on choice of vasopressor#16:17_ Intravenous
(V) vasopressors, often phenylephrine or norepinephrine, are commonly used to augment
SBP and CPP following sTBI, though their full impact on cerebral hemodynamics remains
unclear818.19_ previous studies analyzing utilization patterns and efficacy of vasopressors
following TBI vary in their results and are limited by small sample size18-22, To address
this gap, we conducted a large multicenter study to: 1) Describe early vasopressor utilization
patterns in patients with acute sTBI in the US and 2) Examine the association between
utilization of norepinephrine, compared to phenylephrine, with hospital outcomes following
SsTBI.

Database and Study Design

We conducted a retrospective cohort study of adult patients in the Premier Healthcare
Database from 2008-2018. Premier is a large, US hospital-based, service-level, all-

payer database that contains information on inpatient discharges from more than 1,041
geographically diverse non-profit, non-governmental and community and teaching hospitals
and health systems from rural and urban areas23. Premier data includes standard hospital
discharge administrative files as well as date-stamped diagnostic, pharmacy, and laboratory
charges from hospitals across all geographic regions of the US. This study was exempt from
institutional review board (IRB) review at Duke University, given the fully de-identified
nature of the Premier Healthcare Database.

Study Population

We examined adult (age>17 years) patients with a primary diagnosis of sTBI based on
ICD-9 and ICD-10 diagnosis codes (Supplemental Table 1) and Head/Neck Abbreviated
Injury Scale (AIS) values of 3 (serious), 4 (severe), and 5 (critical)24. We included those
patients with Emergent, Urgent, or Trauma admission to the hospital and had charge codes
for the intensive care unit (ICU) on the initial hospital day. AlS and Injury Severity Score
(ISS) were calculated using the International Classification of Disease Program for Injury
Classification and R statistical software (ICDPIC-R) with the General Equivalency Mapping
(GEM) method2>, which generate AlS scores, stratified by body region?6, Vasopressors
(norepinephrine, phenylephrine, vasopressin, epinephrine, dopamine, dobutamine) within
the first two days of admission were identified using hospital charge codes. These hospital
charge codes on the Premier database are day-level charges rather than hour-level charges
from the Electronic Health Record. We chose to examine early vasopressor utilization
(within the first 2 days of hospital admission) to increase the likelihood that vasopressor
treatments were used for injury-induced hypotension, rather than from subsequent hospital
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complications (such as septic shock or pulmonary embolism), and during a period when the
brain is most sensitive to secondary injury’.

Exposure, Outcomes, and Covariates

To determine early vasopressor utilization after acute sTBI, the primary exposures were
demographics, clinical characteristics, facility characteristics, and time (calendar year). The
primary outcome was use of early vasopressors, categorized as: None, Norepinephrine,
Phenylephrine, and Other (vasopressin, epinephrine, dopamine, dobutamine). To examine
early mixed vasopressor therapies, we separated patients who received more than one early
vasopressor into a Multiple Vasopressor category.

To define associations between norepinephrine use (compared to phenylephrine) with
hospital outcomes, the primary exposure was vasopressor choice (phenylephrine versus
norepinephrine) within the first two days of hospitalization. The decision to consider only
norepinephrine and phenylephrine as primary exposures was decided a priori and supported
by the study team’s clinical and subject matter expertise, as these two vasopressors were
deemed to likely represent the most commonly used vasopressors for management of
hypotension following TBI in current clinical practicel819. The primary outcome was in-
hospital mortality. Secondary outcomes examined included hospital length of stay (LOS)
and intensive care unit LOS. We conducted a post-hoc subgroup analysis in all patients with
ICP monitor placement.

Covariates examined in our model included data on patient demographic and clinical
characteristics (age, gender, race, ethnicity, insurance status), medical co-morbidities (29
co-morbidities based on the Elixhauser scheme?”), co-treatments within 2 days of admission
(central line placement, mannitol, hypertonic saline, tranexamic acid, and intracranial
pressure monitoring), injury severity score (ISS), and hospital characteristics (bed size,
teaching status, and rural location). Final model covariates were selected based on literature
review, the subject matter expertise of the authorship team, and creation of a directed acyclic
graph.

Statistical Analysis

Descriptive statistics were used to examine demographic and clinical characteristics, hospital
characteristics, vasopressors, and utilization patterns over time. Categorical variables were
reported as number (percentage) and continuous variables were reported as mean and
standard deviation. For our first research objective, mixed-effects logistic regression models
were used to identify predictors of vasopressor use (phenylephrine vs norepinephrine)
including covariates described above as fixed effects. A random intercept was included for
each hospital to model the variation of vasopressor choice to cluster at the hospital level. The
intraclass correlation (ICC) was computed to examine the amount of variation in vasopressor
choice explained at the hospital level (random effect), above and beyond patient-level factors
(fixed effects)28,

For our second research objective, we examined the association of vasopressor choice with
hospital outcomes using a propensity score matched analysis. Among patients receiving
phenylephrine and norepinephrine within the first two days of hospitalization, we built
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propensity scores for treatment (choice of phenylephrine versus norepinephrine) using a
logistic regression model and adjusted based on the following covariates: age, gender,

race, ethnicity, insurance status, 29 Elixhauser co-morbidities, co-treatments within 2 days
of admission (central line placement, mannitol, hypertonic saline, tranexamic acid, and
intracranial pressure monitoring), injury severity score (ISS), and hospital characteristics
(bed size, teaching status, and rural location). Then, patients exposed to phenylephrine were
matched to patients exposed to norepinephrine using greedy propensity score techniques
(in a 1:1 fashion) without replacement and a caliper width of 0.102°. After matching,
standardized mean differences (SMD) were used to test the balance of covariates with

a value greater than 0.1 or less than —0.1 indicating significant imbalance. Propensity

score overlap was visually inspected. Lastly, univariable logistic regression models with
robust standard errors for binary outcomes and Cox proportional hazard models for hospital
discharge and intensive care unit discharge (with death treated as a censored observation)
were used to determine the association between vasopressor use and clinical outcomes

in the fully matched cohort, as well as in a subgroup analysis restricting the population

to patients that received ICP monitoring. We chose the cause-specific Cox model over

the Fine-Gray or sub-distribution hazard model because we were interested in the direct
association between treatment and length of stay, since it compares the hazard of discharge
for all patients who had survived to a given time point3C. We conducted a sensitivity analysis
for primary and secondary outcomes by restricting the cohort to survivors of at least two
days of hospitalization, to demonstrate stability of our risk estimates with restriction due to
the potential for immortal time bias. All analyses were conducted using SAS version 9.4
(SAS Institute; Cary, NC).

Demographic and Clinical Characteristics of Study Population

We identified 66,610 patients that met inclusion and exclusion criteria (Figure 1). Details on
the complete demographic and clinical characteristics of the study population may be found
in Supplement Table 2. Of the entire study population, 37.1% (n=24,718) patients received
IV vasopressors within two days of admission. The mean age of all patients was 59.0 + 21.2
years. Males were 68.5% and Caucasian patients were 72.3%. Patients with Medicare made
up the largest share of payors (45.3%). Most patients received care at teaching hospitals
(65.5%) and large volume centers [>500 beds] (56.1%). The study population had a mean
ISS of 20.1 £ 8.3. Early co-treatment utilization in the entire study population was common,
including mannitol use (21.9%), hypertonic saline (11.3%), central line placement (12.1%),
and ICP monitor use (4.8%).

Vasopressor Utilization Patterns

Of the 24,718 patients who received IV vasopressors within two days of admission, 60.6%
(n=14991) received only phenylephrine and 10.8% (n=2668) received only norepinephrine.
3.5% (n=877) received other vasopressors, including dopamine, epinephrine, vasopressin,
and dobutamine. Lastly, 25.0% (n=6182) of patients received more than one vasopressor
during the first two days of hospital admission. Figure 2 demonstrates vasopressor utilization
over the study period for all critically ill patients with a primary diagnosis of TBI (n=
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66,610). Of the total sample, phenylephrine utilization increased from 16.0% in 2009 to

a maximum of 26.7% in 2015; norepinephrine utilization increased from 3.1% in 2009 to
5.9% in 2018; and use of multiple vasopressors increased from 8.3% in 2009 to 13.2%

2018. Conversely, the proportion of the study population receiving no 1V vasopressors
decreased each year from 70.1% in 2009 to 54.4% in 2018. Figure 3 shows the number of
IV vasopressors (one, two, three, four) utilized for each patient within two days of admission
in the study population over time. The greatest share of increased vasopressor utilization was
the use of single vasopressors, which increased from 21.5% in 2009 to 32.2% in 2018.

Associations with Vasopressor Choice

Supplemental Table 3 shows demographic, clinical, and facility characteristics significantly
associated with choice of norepinephrine compared to phenylephrine. Use of phenylephrine
was significantly associated with age <30 years (OR 0.73, 95% CI 0.63-0.89), age >80
years (OR 0.79, 95% CI 0.64-0.99). Injury Severity Score (ISS) was significantly associated
with choice of norepinephrine (OR 1.04, 95% CI 1.03-1.04). Several co-treatments within
two days of admission were associated with choice of norepinephrine over phenylephrine,
including use of ICP monitor (OR 1.22, 95% CI 1.02-1.46), central line placement

(OR 2.22, 95% CI 1.92-2.51), and hypertonic saline therapy (OR 2.29, 95% CI 2.02—

2.60). Our analysis demonstrated an intraclass correlation coefficient (ICC) of 0.231 (SE
0.12), indicating that 23.1% of the variability in choice of norepinephrine compared to
phenylephrine was explained by hospital-level differences, above and beyond patient factors.

Clinical Outcomes

Table 1 shows primary and secondary clinical outcomes among patients exposed to early
norepinephrine versus phenylephrine. Patients who received phenylephrine as their only
vasopressor had crude in-hospital mortality of 15.3%, compared to 32.4% in patients who
received norepinephrine. After propensity matching, good overlap in treatment groups was
identified, with adequate covariate balance (Supplemental Figure 1, Supplemental Table 4).
In propensity-matched analysis, exposure to norepinephrine was associated with increased
risk of in-hospital mortality (OR 1.65, Cl 1.46-1.86, p <0.0001). Choice of norepinephrine,
compared to phenylephrine, was also associated with a lower hazard ratio of hospital
discharge (HR 0.76, ClI 0.65-0.84, p <0.0001), and intensive care unit discharge (HR 0.68,
Cl10.63-0.73, p <0.0001).

In a sub-group analysis of propensity-matched patients with ICP monitor placement, we
observed similar trends to those of the entire group (Supplemental Table 5). Exposure

to norepinephrine was associated with increased risk of in-hospital mortality (OR 1.58,
Cl 1.08-2.33, p <0.0187) and lower hazard ratio of intensive care unit discharge (HR
0.79, Cl1 0.64-0.97, p <0.023) compared to phenylephrine. Results of sensitivity analyses
(Supplemental Table 6 & 7) demonstrated stable risk estimates.

Discussion

We conducted a multicenter retrospective study to describe early vasopressor utilization
patterns in patients with sTBI and association between utilization of norepinephrine
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compared to phenylephrine with clinical outcomes following injury. We found 1) significant
variation in vasopressors utilization associated with both patient-level and hospital-level
characteristics, 2) choice of norepinephrine, compared to phenylephrine, was associated with
increased in-hospital mortality.

Following TBI, vasopressors are commonly used for restoring and maintaining adequate
CPP by increasing mean arterial pressure (MAP) and thus optimizing cerebral blood

flow (CBF) to meet metabolic demands®. Normally, cerebral circulation is maintained

in homeostasis through a complex and poorly understood cerebral autoregulatory system
involving cardiovascular, respiratory, and neural mechanisms31-33, Following sTBI, if
autoregulation remains intact, a drop in blood pressure triggers autoregulatory vasodilation
in an attempt to maintain adequate brain perfusion. This results in increased CBF which

may elevate ICP. If autoregulation is not intact, cerebral perfusion can become passively
dependent on SBP, which require augmentation to prevent secondary ischemial415:34,
Phenylephrine, a selective alpha-1 agonist, is used as an arterial vasoconstrictor to increase
MAP. Norepinephrine has predominantly alpha-1 and some beta-1 agonist properties,
causing arterial vasoconstriction in addition to inotropic and chronotropic effects3®. Both
norepinephrine and phenylephrine appear to increase MAP and CPP but with variable effects
on cerebral tissue oxygenation®35-37. A recent systematic review comparing vasopressor
use with clinical outcomes in TBI patients found no evidence favoring norepinephrine over
phenylephrine in augmenting CPP or any clinical outcomes?l. However, only two studies
met inclusion criteria for the review and were limited to single institutions. Furthermore,
prior small studies on utilization of vasopressors in TBI patients are consistent with variation
observed in the present study18:19,

The utilization patterns described in this study present wide variability of use based on
demographics, clinical characteristics, facility characteristics, and over time. First and
foremost, use of vasopressors for early hemodynamic management of sTBI is common,
with 37.1% of the study population receiving at least one vasopressor. We observed
temporal variation in the use of vasopressors for critically ill patients with TBI, which
increased from 2009 to 2018. During this study period, the most commonly utilized
vasopressor for early hemodynamic management was phenylephrine, the use of which
increased substantially from 2009 to 2018. Increased utilization of vasopressors may be
related to updated guidelines for SBP thresholds from the Brain Trauma Foundation

in 2015%. Previously defined as >90 mm Hg, hypotension thresholds were increased to
>100 mm Hg for patients 50-69 years and >110 mm Hg for patients 15-49 or >70

years following new evidence to suggest benefits to mortality and outcomes*15:16, Qur
results also suggest that norepinephrine may be preferred in sicker patients. Choice of
norepinephrine over phenylephrine was significantly associated with ISS and a number of
co-treatments, including use of ICP monitor, central line, hyperosmolar therapy, which are
employed for patients with more severe injury who exhibit increased ICP upon admission.
Norepinephrine was also more common for certain comorbidities, such as congestive heart
failure. Because of norepinephrine’s beta-agonism, it may be preferred for patient who
are more susceptible to concurrent declines in systolic function38:39, Finally, our analysis
indicates that a moderate degree of variability in the choice between the most commonly
used vasopressors, norepinephrine and phenylephrine, was based on the individual hospital,
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above and beyond patient-specific characteristics. Therefore, hospital culture continues to be
an important contributor to the choice of vasopressor for hemodynamic management of sTBI
patients.

Despite the reported variation in use of vasopressors, our analysis showed that after
controlling for patient- and facility-level characteristics, choice of phenylephrine was
associated with reduced risk of hospital mortality and reduced hazard ratio of hospital
discharge (hospital and ICU), compared to norepinephrine. The reduced risk of hospital
mortality with phenylephrine was also present in the sub-group analysis of patients with
ICP monitoring. While the retrospective nature of this study limits our ability to make
definitive claim of superiority of specific vasopressors, we considered these findings as
exploratory and hypothesis generating. Our data clearly demonstrate wide variability in
use of vasopressor and possible mortality benefit with use of phenylephrine. Therefore,
these results confirm the need for future studies to better understand the impact of
different vasopressor therapies on reducing secondary brain injury, including multicenter
randomized controlled trials that include personalized measures of hemodynamic status and
cerebrovascular reactivity to identify optimal vasopressor therapy0:41,

While this may be the largest study examining vasopressor utilization following TBI, there
are several limitations. First, while detailed information on pharmaceutical exposures was
available, information on underlying mechanisms for hypotension was not; thus, type of
shock state could not be assessed and may contribute to clinical decision-making and
thus bias in the analysis. Second, we could not adequately assess any dose effect as

a measure of degree of exposure. Third, lack of randomization into vasopressor groups
introduces potential confounding by indication (i.e., sicker patients potentially received
norepinephrine); our study addressed this by employing propensity-matching analytic
methods, but this may not account for unobserved variables. Additionally, given the
administrative nature of the dataset, we were not able to match based on patient-level
physiologic measures. Without physiologic variables for each patient, we were limited in
our ability to make a definitive claim to the superiority of one vasopressor over another
and ascertain the mechanism by which phenylephrine reduces mortality following sTBI.
Fourth, due to limitations in the Premier dataset, we were not able to collect long-term
functional outcomes on patients such as the Disability Rating Scale or Glasgow Outcome
Scale Extended. We are therefore unable to draw conclusions whether management
involving phenylephrine versus norepinephrine results in improved quality of life or long-
term function following injury. Lastly, despite the extensive clinical variables collected in
Premier, our observational study remains at significant risk for residual confounding.

Early vasopressor utilization among critically ill patients with sSTBI is common, increasing
over the last decade, and varies across hospitals caring for TBI patients. Norepinephrine,
compared to phenylephrine, was associated with increased risk of in-hospital mortality in
propensity-matched analysis. Given the wide variation in vasopressor choice and possible
differences in efficacy, our analysis suggests the need for randomized controlled trials to
better inform vasopressor choice for patients with sTBI.
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Glossary of Terms

us United States

TBI Traumatic brain injury

sTBI Severe traumatic brain injury
CPP Cerebral perfusion pressure
SBP Systolic blood pressure

v Intravenous

IRB Institutional review board
AlS Abbreviated injury scale
ICU Intensive care unit

ISS Injury severity score
ICDPIC-R International Classification of Disease Program for Injury

Classification and R statistical software

GEM General Equivalency Mapping
LOS Length of stay

ICP Intracranial pressure

ICC Intraclass correlation

SMD Standardized mean differences
MAP Mean arterial pressure

CBF Cerebral blood flow
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Key Points
Question:

How are vasopressors utilized following severe TBI and is their use associated with
clinical outcomes?
Findings:

Early vasopressor utilization among critically ill patients with severe TBI is common,
increasing over the last decade, and varies across hospitals caring for TBI patients, with
propensity-matched analysis demonstrating increased risk of in-hospital mortality with
norepinephrine, compared to phenylephrine.

M eaning:

Given the variation in use and potential benefit of phenylephrine over norepinephrine, our
analysis confirms the need for randomized control trials.
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Figure 1:
STROBE Diagram
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Figure 2:

Initial choice of vasopressor, 2009-2018
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Figure 3:

Multiple vasopressor utilization, 2009-2018
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Table 1:

Outcomes associated with initial vasopressor choice, after propensity weighting

Outcomes Phenylephrine | Norepinephrine Effect Size p-value
Number N=2665 N=2665
or’ (95% cI)
Hospital mortality [no. (%)] 593 (22.4) 855 (32.4) 1.65 (1.46-1.86) | <0.0001
HR" (95% c1)
Hospital LOS, days [mean + SD] 17.7+204 19.4+£20.9 0.76 (0.65-0.84) | <0.0001
ICU days [mean + SD] 9.9+94 12+10.2 0.68 (0.63-0.73) | <0.0001

IOR>1 means the odds of in-hospital mortality is higher in norepinephrine group compared to phenylephrine

"HR<1 means the hazard of discharge alive is lower in norepinephrine compared to phenylephrine
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