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Background: The benefits of vasopressor (VP) use to improve clinical outcomes in traumatic brain injury
(TBI) is unknown. We sought to characterize the use of VP in TBI patients and evaluate its impact on
mortality.

Methods: A retrospective review was conducted of all TBI patients admitted to an ICU at a Level | trauma
center from January 2014 to August 2016. Patients who had any VP administered (VP+) were compared
to those who did not (VP-).

Results: Among the 556 patients analyzed, 83 (14.9%) received VP. The overall mortality was 9.2%,
significantly higher in the VP + cohort (42.2% vs. 3.4%, p < 0.01). After adjusting for confounding factors,
VP + patients had a significantly higher risk for in-hospital mortality (Adjusted Hazard Ratio: 2.77,
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Traumatic brain injury adjusted p = 0.01).
Vasopressors Conclusion: Although VP may be temporarily useful in avoiding secondary insult to the brain in TBI
patients, their use is not associated with improved survival.
© 2020 Elsevier Inc. All rights reserved.
Introduction TBI patients may be associated with increased mortality, one would

Preventing secondary brain insult remains the underlying
principle on which the medical management of patients who have
sustained a traumatic brain injury (TBI) is based upon.' This is
accomplished by mainly avoiding hypoxia and hypotension. The
Brain Trauma Foundation guidelines recommend maintaining a
systolic blood pressure (SBP) of at least 100 mmHg for patients
between the ages of 50—69, and above 110 mmHg for patients who
are younger or older than this age group. Coupled with this, there
are recommendations to target cerebral perfusion pressures (CPP)
between 60 and 70 mmHg.”> Adjuncts, such as vasopressors (VP),
may be used to avoid hypotension and to promote adequate CPP,
and consequently these agents are being used in daily clinical
practice.

Considering that the excess intrinsic catecholamine release in
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expect that the administration of certain, catecholaminergic VPs
may have a similar effect on outcomes.*> This however, conflicts
with the common use of these agents in this setting, which is
intended for improving CPP, preventing secondary injury to the
brain, and improving survival. Certain vasopressors can theoreti-
cally increase brain tissue oxygenation as well.® The objective of
this study was to characterize the use of VP in TBI patients and to
evaluate their association with mortality. We hypothesized that VP
use would be associated with increased mortality.

Material and methods
Study design and institutional practices

A retrospective review was conducted of all TBI patients
admitted to an intensive care unit (ICU) at an academic, urban,
Level I trauma center from January 2014 to August 2016. Patients
with TBI were admitted either to the surgical ICU in the event of
polytrauma, or to the neurosurgical ICU if injuries were predomi-
nantly involving the head, face, or spine. The ultimate decision to
admit a patient to either ICU is always at the discretion of the
trauma surgeon. Both neurosurgical and neurocritical care con-
sultations are obtained at the time of admission to either ICU. No set
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protocol existed for VP use; the decision of when to initiate VP use
and with which agent was at the discretion of the rounding
intensivist.

Data collection

Data collection included patient demographics, co-morbidities,
mechanism of injury (blunt versus penetrating), Glasgow Coma
Scale (GCS), vital signs on admission, laboratory studies obtained
on admission, injury characteristics, and type of TBI on initial im-
aging (classified as contusion, intraparenchymal hemorrhage (IPH),
subarachnoid hemorrhage (SAH), subdural hematoma (SDH),
epidural hematoma (EDH), diffuse axonal injury (DAI), herniation,
and/or other). Injury severity score (ISS) and regional abbreviated
injury scale (AIS) scores for head/neck, chest, abdomen/pelvis, and
extremities were obtained from the trauma registry.

The electronic medical record was queried for TBI-related pro-
cedures performed including craniectomy, craniotomy, external
ventricular drain (EVD) placement, intracranial pressure (ICP)
monitoring device placement, as well as need for additional in-
terventions such as angioembolization, intubation, laparotomy, a
maxillofacial operation, an orthopedic operation, and/or a spinal
intervention. Administration of any VP, including dopamine, dobut-
amine, epinephrine, norepinephrine, phenylephrine, and/or vaso-
pressin during the ICU stay was collected. Echocardiogram reports
were reviewed for the ejection fraction (EF), the presence of wall
motion abnormality, and hyperdynamic changes to the heart.

Outcomes data included ICU and hospital length of stay, venti-
lator days, and in-hospital mortality.

Analysis

Patients who received any VP (VP + cohort) during their ICU
admission were compared to those who did not (VP-). Data are
summarized as percentages for categorical variables and means
with standard deviations (SD) or medians with interquartile range
(IQR) for continuous variables. Categorical variables were
compared using Pearson j 2 or Fisher’s exact test whereas com-
parisons of continuous variables were conducted using a Student’s
t-test or Mann-Whitney U Test, where appropriate. A p value of
<0.05 was considered statistically significant. A Kaplan-Meier curve
was generated and a Cox regression model with a time-dependent
variable was utilized to adjust for differences between the two
groups and to quantify the risk of VP use on mortality, accounting
for the timing of initiation of VPs.

All statistical analyses were performed using IBM SPSS statistics
for Windows, version 25 (IBM Corp. Armonk, N.Y, USA). This study
was approved by the Institutional Review Board and the require-
ment for informed consent was waived.

Results

There were 556 patients that met inclusion criteria over the 32-
month study period, of whom, 83 (14.9%) received VP (VP+). The
most commonly used VP was norepinephrine (75.9%), followed by
phenylephrine (56.6%), and vasopressin (28.9%) (Fig. 1). The median
interval from admission to initiation of VPs was 1 day and the
median duration of VP use was 2 days. VP + patients were signif-
icantly younger (54.3 + 21.1 vs. 59.7 + 23.2 years, p = 0.04) and
more likely to have congestive heart failure (CHF) (7.2% vs. 2.7%,
p < 0.01) (Table 1). VP+ were more likely to present with a SBP less
than 90 mmHg (8.4% vs. 1.5%, p < 0.01) and be tachycardic with a
heart rate over 100 bpm (44.6% vs. 23.3%, p < 0.01). They also had a
significantly lower GCS (7.9 + 4.9 vs.13.4 + 2.8, p < 0.01) and were
more severely injured overall (ISS of 28.2 + 12.2 vs. 179 + 7.0,
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Fig. 1. Vasopressor utilization.

p < 0.01), as well as regionally in the head/neck, chest, abdomen/
pelvis, and the extremities (Table 1). VP + patients additionally had
a significantly lower Hgb (12.1 + 2.0 vs.13.0 + 2.0, p < 0.01) and pH
values (7.31 + 0.14 vs. 7.36 + 0.11, p < 0.01) on admission, while
lactate levels were higher (4.4 + 3.0 vs. 3.0 + 1.7, p = 0.03). The type
of TBI seen on initial imaging was similar among both cohorts with
the exception of an EDH and/or herniation, which were seen more
frequently in the VP + cohort (14.5% vs. 7.6%, p = 0.04, p < 0.01 and
2.4% vs. 0%, p < 0.01, respectively).

VP + patients were more likely to develop diabetes insipidus
(2.4% vs. 0%, p = 0.02) and cerebral salt wasting (3.6% vs. 0%,
p < 0.01). This cohort was also more likely to require surgical in-
terventions and/or procedures related to their TBI, such as a cra-
niectomy (16.9% vs. 1.9%, p < 0.01), EVD placement (10.8% vs. 3.4%,
p < 0.01), or placement of an ICP monitoring device (21.7% vs. 1.3%,
p < 0.01) (Table 2). More patients in the VP + cohort had an
echocardiogram performed (57.8% vs. 28.5%, p < 0.01). Although the
EF was similar on the echocardiogram, the presence of either wall
motion abnormality (31.3% vs. 12.6%, p < 0.01) or hyperdynamic
changes (25.0% vs. 15.6%, p < 0.01) were more likely to be reported
for VP + patients.

The overall mortality was 9.2% (Table 3) and in the VP + patients,
it increased in a stepwise fashion with the addition of each VP, to
reach 100.0% for patients who received five or more VPs (Fig. 2).
Fig. 3 depicts a Kaplan-Meier curve in which VP + patients had a
significantly higher mortality (log rank p = 0.03). In a Cox regression
model with a time-dependent variable accounting for the timing of
initiation of VP, and adjusting for age, GCS, SBP on admission, ISS, pH
on admission, presence of an EDH and herniation, and development
of diabetes insipidus and cerebral salt wasting, VP + patients had a
significantly higher risk for in-hospital mortality (Adjusted Hazard
Ratio: 2.77; 95% CI: 1.24—6.77, adjusted p = 0.01).

Discussion

In TBI patients admitted to the ICU, the use of VP is common and
the addition of each is associated with a stepwise increase in
mortality. Patients in whom VP were utilized had more severe TBI
and required TBI-related interventions more frequently. Overall,
and when accounting for the timing of VP initiation in relation to
admission, VP use was associated with a significantly higher risk for
mortality.

Patients requiring VP appeared to be inherently different from
those that did not. We found that VP patients were more frequently
hemodynamically unstable at admission and had a more severe TBI
and overall injury burden. Patients presenting with these charac-
teristics following trauma typically have a worse prognosis.” Thus,
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Table 1
Comparison of VP+ and VP- patients with respect to baseline characteristics and injury profile.
Total (n = 556) VP (+) VP (-) p value
(n=283) (n =473)

Demographics

- Age,y 589 + 23.0 543 +21.1 59.7 £23.2 0.04
60 (40—79) 52 (39-73) 62 (40—80)

- Male, % (n) 64.9% (361) 71.1% (59) 63.8% (302) 0.20

Co-morbidities

- CHF, % (n) 3.4% (19) 7.2% (6) 2.7% (13) <0.01

- CKD, % (n) 2.5% (14) 4.8% (4) 2.1% (10) 0.14

- Diabetes, % (n) 10.8% (60) 9.6% (8) 11.0% (52) 0.71

- Alcoholic Cirrhosis, % (n) 10.8% (60) 10.8% (9) 10.8% (51) 0.99

- HTN, % (n) 30.6% (170) 21.6% (18) 32.1% (152) 0.06

Injury characteristics and hemodynamics

- Blunt Trauma, % (n) 99.6% (554) 98.8% (82) 99.8% (472) 0.28

- SBP (mmHg) 140.2 + 29.0 133.9 + 383 141.3 £ 269 0.11
139.5 (122—157) 136 (110—161) 140 (122—156)

- SBP < 90 mmHg, % (n) 2.5% (14) 8.4% (7) 1.5% (7) <0.01

- SBP < 60 mmHg, % (n) 0.5% (3) 2.4% (2) 0.2% (1) 0.01

- HR (bpm) 91.3 +£233 99.6 + 30.1 89.9 +21.6 <0.01
88 (76—104) 97 (78—120) 87 (76—101)

- HR > 100 bpm, % (n) 26.4% (147) 44.6% (37) 23.3%(110) <0.01

- GCS 12.6 + 3.7 79 +49 134 + 28 <0.01
14 (12-15) 7 (3—-13) 14 (14—15)

- ISS 195 + 8.8 282 +12.2 179+ 70 <0.01
17 (14-25) 26 (18—34) 17 (13-21.5)

- AIS Head/Neck 3.8 +0.7 44 +0.7 3.7+ 0.6 <0.01
4(3-4) 5 (4-5) 4(3-4)

- AIS Chest 05+ 1.1 1.1+15 04+1.0 <0.01
0 (0—0) 0(0-3) 0 (0-0)

- AIS Abdomen/Pelvis 0.2 +0.8 0.6 +1.2 0.2 +0.7 <0.01
0 (0-0) 0 (0-0) 0(0-0)

- AlIS Extremity 05+1.1 09+14 0.5+ 1.0 <0.01
0 (0—0) 0(0-2) 0 (0-0)

Admission laboratory values

- First Hg, g/dL 129 + 2.0 121 +£20 13.0 £ 20 <0.01
139 (11.7-142) 122 (10.7—13.6) 13.1(11.8—14.3)

- First lactate, mmol/L 3.6 +25 44 +3.0 3.0+1.7 0.03
2.9 (1.9-4.5) 3.5 (2.4-5.5) 2.6 (1.7-4.1)

- First pH 734 +£0.13 731 +0.14 7.36 + 0.11 <0.01
7.36 (7.30—7.42) 7.34(7.23-7.41) 7.38 (7.32—-7.42)

Type of TBI

- Contusion, % (n) 17.1% (95) 12.0% (10) 18.0% (85) 0.19

- EDH, % (n) 8.6% (48) 14.5% (12) 7.6% (36) 0.04

- SDH, % (n) 57.0% (317) 66.2% (55) 55.4% (262) 0.07

- SAH, % (n) 45.7% (254) 53.0% (44) 44.4% (210) 0.15

-1PH, % (n) 6.5% (36) 3.6% (3) 7.0% (33) 0.25

- Herniation, % (n) 0.4% (2) 2.4% (2) 0.0% (0) 0.02

- DAL % (n) 0.2% (1) 0.0% (0) 0.2% (1) >0.99

- Other, % (n) 1.8% (10) 1.2% (1) 1.9% (9) >0.99

Continuous values are reported as means + standard deviation (SD), median (interquartile ranges), unless otherwise specified.
AIS, abbreviated injury score; CHF, congestive heart failure; CKD, chronic kidney disease; DAI, diffuse axonal injury; EDH, epidural hematoma; GCS, Glasgow Coma Scale; Hg,
hemoglobin; HR, heart rate; HTN, hypertension; IPH, intraparenchymal hemorrhage; ISS, injury severity scale; SBP, systolic blood pressure; SAH, subarachnoid hemorrhage;

SDH, subdural hematoma

one may assume that VP use could act as a surrogate for injury
severity that fails to respond to conventional resuscitation mea-
sures. Despite using VP as a resuscitative adjunct, which may have
occurred in certain cases, VP use did seem to extend a survival
benefit. The findings from this study do not advocate for accepting
hypotension in TBI patients to avoid the use of VP which potentially
allow for improved cerebral perfusion; rather the objective of this
study was to quantify the effect of VP use with respect to mortality.
We cannot make further comments about how to best address
hypotension in this patient cohort without additional investigation.

Several of the VP agents utilized in this study were catechol-
aminergic in nature. The central catecholamine surge after brain
injury has been well described,®® and it is known to lead to
neuronal death, inflammation, and apoptosis.'” Systemic rises in
catecholamines also have a detrimental impact on cardiovascular
physiology!! and may elicit a systemic inflammatory response,'?

which some have implicated as mechanisms by which patients
develop an overall deteriorated physiologic state, leading to poor
outcomes.

The use of beta blockers, which act to suppress the effects of this
innate catecholamine surge has been associated with decreased
mortality in critically ill patients with TBI as shown in one multi-
center, prospective study.”®> Practice management guidelines by the
Eastern Association for the Surgery of Trauma conditionally
recommend use of in-hospital beta blockers for TBI, as evidence has
historically been limited to low quality, observational studies.'* It is
difficult to ascertain whether the administration of exogenous
catecholamines through the systemic circulation replicates any of
the effects of the previously described innate catecholamine surge,
although a previous study in TBI patients has shown that those who
received exogenous norepinephrine had both higher systemic and
central levels of norepinephrine, suggesting that central levels may
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Table 2
Comparison of VP+ and VP- patients with respect to additional diagnoses, procedures, and echocardiography results.
Total (n = 556) VP (+) VP (-) p value
(n = 83) (n =473)
Additional Diagnoses
- Diabetes Insipidus, % (n) 0.4% (2) 2.4% (2) 0% (0) 0.02
- SIADH, % (n) 1.4% (8) 2.4% (2) 1.7% (8) 0.61
- Cerebral salt wasting, % (n) 0.5(3) 3.6% (3) 0% (0) <0.01
Procedures
- Angioembolization, % (n) 1.4% (8) 3.6% (3) 1.1% (5) 0.10
- Craniectomy, % (n) 4.1 (23) 16.9% (14) 1.9% (9) <0.01
- Craniotomy, % (n) 8.8% (49) 16.9% (14) 7.4% (35) <0.01
- EVD, % (n) 4.5% (25) 10.8% (9) 3.4% (16) <0.01
- ICP monitoring device placement, % (n) 4.3% (24) 21.7% (18) 1.3% (6) <0.01
- Intubation, % (n) 24.6% (137) 78.3% (65) 15.2% (72) <0.01
- Laparotomy, % (n) 2.3%(13) 12.0% (10) 0.6% (3) <0.01
- Other
- Maxillofacial, % (n) 2.0% (11) 2.4% (2) 1.9% (9) 0.67
- Orthopedic, % (n) 10.4% (58) 18.1% (15) 9.1% (43) 0.14
- Spine, % (n) 1.4% (8) 6.0% (5) 0.6% (3) <0.01
Echocardiography results
- Lowest EF, % 60.8 + 13.2 58.1 +18.3 616+ 114 0.30
64 (57—-69) 64 (47-73) 64 (58.5—68)
- Wall motion abnormality, % (n) 17.5% (32/183) 31.3% (15/48) 12.6% (12/135) <0.01
- Hyperdynamic changes, % (n) 18.0% (33/183) 25.0% (12/48) 15.6% (21/135) <0.01
Continuous values are reported as means + standard deviation (SD), median (interquartile ranges), unless otherwise specified.
EF, ejection fraction; EVD, external ventricular drain; ICP, intracranial pressure; SIADH, syndrome of inappropriate antidiuretic hormone secretion
Table 3
Comparison of VP+ and VP- patient outcomes.
Total (n = 556) VP (+) VP (-) Mean difference (95% CI)/Odds ratio (95% CI) p value
(n = 83) (n =473)
Hospital LOS, d 10.0 + 12.1 18.1 +17.9 8.6 + 10.1 9.5 (5.5-13.5) <0.01
6 (3—-12) 13 (4—-26) 5(3-10)
ICU LOS, d 45 +54 10.6 +9.2 34 +34 7.2 (5.2-9.3) <0.01
2(2-4) 6 (3—16) 2 (2-3)
Ventilator days, d 6.2+50 7.0+59 55+ 39 1.5(-0.2-3.2) 0.09
4(2-10) 4(2.5-11) 4 (2—-8.5)
Inpatient mortality, % (n) 9.2% (51) 42.2% (35) 3.4% (16) 20.8 (10.7—40.4) <0.01
Continuous values are reported as means + standard deviation (SD), median (interquartile ranges), unless otherwise specified.
Cl, confidence interval; ICU, intensive care unit; LOS, length of stay.
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rise due to a disrupted blood brain barrier."

Vasopressin may be used in addition to, or at times, in lieu, of
catecholamines. Previous research has identified vasopressin as a
key mediator in the human response to injury.'®! In fact, defi-
ciency in vasopressin levels may lead to intractable shock.'® A
recent double-blinded randomized controlled trial showed that
supplementation with low dose arginine vasopressin was
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Fig. 3. Kaplan-Meier curve of survival with respect to VP use.
AHR, adjusted hazard ratio; CI, confidence interval; VP, vasopressor.

associated with transfusion of decreased blood products.'® Recent
studies examining the role of vasopressin for brain injury specif-
ically have been associated with varying outcomes with respect to
cerebral perfusion.?’ 22 Our data are unable to speak to the effect of
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vasopressin in isolation, as all patients who received vasopressin
were also given at least one additional VP.

The limitations of this study are related to its retrospective na-
ture and the inability to decipher the indication for VP use. Thus we
were not able to distinguish VP use for other indications such as
hemodynamic support in the setting of sepsis or hypovolemia.
These indications however, are unlikely given that the median in-
terval from admission to the initiation of VP was 1 day. Intoxication
status upon admission was not accounted for. Additional blood
transfusions, interventions, or pharmacologic therapies were not
accounted for. Patients with minor TBI were not excluded to allow
for an ample sample size for further analysis. Given the study
design, only association of mortality and not causation can be
stated. Although we reviewed the echocardiogram reports for those
who had it available, we could not account for fluid balance status,
nor how ICP measurements influenced VP utilization. Despite these
limitations, these results offer an insight on the use of VP in TBI
patients admitted to the ICU and quantify their association with
mortality.

Conclusions

Vasopressors are commonly used for patients with traumatic
brain injury admitted to the intensive care unit. Patients who
require vasopressors have a significantly higher injury burden.
Although these agents may be useful for the temporary improve-
ment of the cerebral perfusion pressure or in avoiding hypotension,
their use is not associated with improved survival. Future research
should focus on discriminating the effect of endogenous and
exogenous catecholamine release on the physiology of severe
traumatic brain injury patients and on exploring alternatives to
avoid secondary insults to the brain and improve cerebral perfusion
pressures.
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