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Abstract

Background Observational studies have demonstrated improved outcomes in TBI patients receiving in-hospital beta-
blockers. The aim of this study is to conduct a randomized controlled trial examining the effect of beta-blockers on
outcomes in TBI patients.

Methods Adult patients with severe TBI (intracranial AIS > 3) were included in the study. Hemodynamically
stable patients at 24 h after injury were randomized to receive either 20 mg propranolol orally every 12 h up to
10 days or until discharge (BB+) or no propranolol (BB—). Outcomes of interest were in-hospital mortality and
Glasgow Outcome Scale-Extended (GOS-E) score on discharge and at 6-month follow-up. Subgroup analysis
including only isolated severe TBI (intracranial AIS > 3 with extracranial AIS < 2) was carried out. Poisson
regression models were used.

Results Two hundred nineteen randomized patients of whom 45% received BB were analyzed. There were no
significant demographic or clinical differences between BB' and BB~ cohorts. No significant difference in in-
hospital mortality (adj. IRR 0.6 [95% CI 0.3-1.4], p = 0.2) or long-term functional outcome was measured between
the cohorts (p = 0.3). One hundred fifty-four patients suffered isolated severe TBI of whom 44% received BB. The
BB™ group had significantly lower mortality relative to the BB~ group (18.6% vs. 4.4%, p = 0.012). On regression
analysis, propranolol had a significant protective effect on in-hospital mortality (adj. IRR 0.32, p = 0.04) and
functional outcome at 6-month follow-up (GOS-E > 5 adj. IRR 1.2, p = 0.02).

Conclusion Propranolol decreases in-hospital mortality and improves long-term functional outcome in isolated
severe TBI. This randomized trial speaks in favor of routine administration of beta-blocker therapy as part of a
standardized neurointensive care protocol.

Level of evidence Level II; therapeutic.

Study type Therapeutic study.
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Introduction

Traumatic injury is one of the most common causes of
death in people under the age of forty worldwide, and one-
third of all trauma-related deaths are a result of intracranial
insults [1]. For survivors of severe brain injury, permanent
neurologic consequences often ensue. Intracranial injury is
the product of a primary hit and a secondary hit. The pri-
mary injury occurs at the time of trauma and can only be
addressed through preventative measures. Secondary injury
is caused by complications of the primary insult and is
driven through processes such as hypoxia, cerebral edema
and ischemia [2, 3]. Research is consequently focused on
measures that can reduce the incidence of secondary injury
processes to improve survival and functional outcome after
traumatic brain injury (TBI).

International guidelines have been formed to standardize
intensive care management for brain trauma victims [4, 5].
This includes standardized neurointensive care, the use of
intracranial pressure monitoring, neurospecific monitoring
and neurosurgical intervention [4]. The utility of early
beta-blocker therapy in TBI has been demonstrated in
several retrospective as well as prospective observational
studies demonstrating beneficial effects on clinical out-
comes and survival [6-10]. It is hypothesized that the
adrenergic storm induced by the initial insult may worsen
the secondary brain injury through mechanisms of cerebral
vasoconstriction and subsequent ischemia [11, 12]. Till this
date, no randomized controlled trial assessing the impact of
beta-blockade on mortality in the context of TBI has been
performed. However, significant improvements in neuro-
protective care protocols have been introduced since the
1980s. The aim of this study is to conduct a randomized
controlled trial examining the effect of beta-blockers on
outcomes in TBI patients. We hypothesized that beta-
blockers improve survival and functional outcomes.

Hossein Abdolrahimzadeh Fard
Dr.h.a.fard@gmail.com

Amin Niakan
aminniakan @yahoo.com

Kamil Hanna
kamilhanna@surgery.arizona.edu

Bellal Joseph
bjoseph @surgery.arizona.edu

Department of Neurosurgery, Trauma Research Center,
Shahid Rajaee (Emtiaz) Trauma Hospital, Shiraz University
of Medical Sciences, Shiraz, Iran

Department of Surgery, Karolinska University Hospital,
Stockholm, Sweden

Trauma Research Center, Rajace (Emtiaz) Trauma Hospital,
Shiraz University of Medical Sciences, Shiraz, Iran

Methods
Patient inclusion and exclusion criteria

The trial (“Effect of Propranolol in Traumatic Brain
Injury”) was registered at Iranian Registry of Clinical
Trials (IRCTID: 20130310012776N4) and was approved
by the institutional review board (IRB number
IR.SUMS.REC.1396-133). This study is a single-center
non-blinded randomized trial comparing the effectiveness
of propranolol on overall outcomes in patients who suf-
fered a severe TBI (intracranial Abbreviated Injury Scale
(AIS) score > 3) in addition to standard neurointensive
care. All adult patients (age > 18 years) admitted to the
neurosurgical intensive care unit (NICU) of Shaheed Rajee
(Emtiaz) trauma hospital, Shiraz University Hospital, Shi-
raz, Iran, between December 1, 2017 and August 31, 2018,
were prospectively screened for inclusion in the current
study. The main NICU admission criteria at our institution
are a severe TBI detected on admission CT or GCS score of
<12 for observation and monitoring or neurosurgical
interventions. Patients who suffered a blunt traumatic brain
injury without any extracranial injury requiring a surgical
intervention (e.g., thoracotomy/sternotomy, emergency
laparotomy, pelvic packing, surgery for spinal cord injury
and long-bone fractures) within 24 h of admission were
included in the study. Patients on pre-injury beta-blocker
therapy, persistent shock (systemic blood pres-
sure < 100 mmHg, base deficit > 4, or oliguria) at 24 h
after admission, and those transferred from another hospital
were not eligible for inclusion.

Data collection

Data collection included the following covariates: age, sex,
co-morbidities (hypertension, diabetes mellitus, cardiovascular
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disease [CVD]), admission systolic blood pressure (SBP),
Glasgow Coma Scale (GCS) score on admission, AIS for all
body regions, Injury Severity Score (ISS), type of intracranial
injury, neurosurgical intervention, extended Glasgow Outcome
Scale (GOS-E) score at discharge and at 6 months post-dis-
charge. Patients included in the study were followed throughout
their hospital stay and evaluated at a follow-up visit in the clinic
after 6 months.

Beta-blocker administration protocol

Patients with a severe intracranial injury were randomized
to either beta-blocker (BB") or no beta-blocker (BB™)
therapy by random number generator 24 h after admission if
hemodynamically stable (defined as systolic blood pressure
over 100 mmHg), not requiring any vasopressor support or
blood transfusion and if allowed to start enteral feeding.
Severe traumatic brain injury was defined as an intracranial
injury yielding an Abbreviated Injury Scale score of 3-5 on
initial brain computer tomography (CT) evaluated by an
attending radiologist and neurosurgeon within 24 h of
admission. The decision to only include severe TBI was
based on the fact that the catecholamine surge after brain
injury has been correlated with the severity of the intracranial
injury and neurologic deficit [ 13]. Furthermore, a correlation
between the excessive serum catecholamines proportional to
the severity of the intracranial injury influencing overall
clinical outcome has previously been noted [14].

Patients who were randomized to the beta-blocker
therapy group received 20 mg of oral propranolol. In cases
where patients could not obey command or were intubated,
the medication was administered through a nasogastric
tube. This dose was repeated every 12 h up to 10 days
following injury or until hospital discharge. All patients
were observed in NICU at least 24 h after initiation of beta-
blocker therapy with continuous blood pressure and heart
rate monitoring. Patients who received beta-blocker and
developed bradycardia (heart rate < 50 bpm), hypotension
(systolic blood pressure < 100 mm Hg) or refused to
continue treatment during the 10-day intervention period
were excluded from further analysis. Propranolol was used
as the preferred beta-blocker therapy due to its longstand-
ing use in patients suffering subarachnoid hemorrhage and
stroke where a decreased oxygen consumption, carbon
dioxide production and glucose consumption have been
measured [15-18]. Additionally, propranolol’s hydrophilic
profile allows it to cross the blood-brain barrier more
readily than some other beta-blockers.

Propranolol has also previously been shown to decrease
the risk for adverse outcomes and safe to use early after the
insult in TBI patients [8, 9, 18]. It has been suggested that
the hyperadrenergic state is most pronounced during the
first week after traumatic insult [14, 19]. Hence, the
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decision was made to continue the beta-blocker treatment
for at least 10 days in patients who were still admitted to
hospital due to their TBIL

Ethical considerations

The ethics committee did consent to the use of blinding and
placebo for this trial; however, due to insufficient funding,
the decision was made to continue with the study without
blinding and the use of placebo. Consent for inclusion was
sought from patients themselves or, if required, their next
of kin. The study adheres to the CONSORT statement.

Outcomes

The primary outcome of interest was in-hospital mortality.
The secondary outcomes were GOS-E on discharge and at
6-month follow-up.

Power analysis

We calculated that 210 randomized patients would provide
80% power at a significance level of 5% to detect at 65%
relative risk reduction, assuming an event rate of 20% in
the control group.

Statistical analysis

For analysis purposes, several continuous variables were
dichotomized using clinically relevant cutoff points (age
> 55 vs. < 54 years; GCS score > 9 vs. < §8; head AIS 3
vs. > 4; and ISS < 15 vs. > 16). Good functional outcome
was set to an GOS-E > 5. Demographics and clinical
characteristics were compared between patients who
received beta-blocker therapy versus those who did not.
Chi-square or two-sided Fisher’s exact test was used for
comparison of categorical variables, while Student’s t test
or Mann—Whitney U test were used for comparison of
continuous variables when appropriate. Values are reported
as mean with standard deviation (SD) for continuous
variables and as percentages for categorical variables.
Association between beta-blocker therapy and in-hos-
pital survival, GOS-E at discharge and at 6 months were
evaluated using Poisson regression models with robust
standard errors. Potential confounding was adjusted for by
including the following covariates in the model: age, sex,
hypertension, diabetes mellitus, CVD, GCS, head AIS, ISS,
type of intracranial injury/injuries and neurosurgical
intervention. Results are reported as adjusted incidence rate
ratios (IRRs) with corresponding 95% confidence intervals
(CI). A two-sided p value of less than 0.05 was considered
statistically significant. All statistical analyses were
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performed using the SPSS Windows version 25.0 (SPSS
Inc., Chicago, IL).

Patients with isolated severe brain injury, defined by an
intracranial injury yielding a head AIS score of >3 with an
AIS < 2 in all other body regions, were put forward for
further analysis to better reflect the effect of propranolol on
the outcomes of interest in patients with isolated severe
TBIL

Results

During the 8-month study period, a total of 356 patients
were admitted to our NICU of whom 240 patients met
inclusion criteria. Eighteen of them did not consent to
inclusion in the study leaving a total of 222 patients eli-
gible for randomization of whom 120 patients were allo-
cated to the BB~ arm and 102 patients to the BB™ arm.

Three patients were excluded from the BB group due to
bradycardia (heart rate < 50 bpm) leaving 99 patients in
the BB™ group (see Fig. 1 for CONSORT diagram) [20].
Three patients in this group were lost to follow-up. As
depicted in Table 1, there was no statistical difference in
patient demographics and clinical characteristics between
the cohorts. Death occurred in 16.7% (n = 20) of patients
allocated to the BB~ group with a corresponding percent-
age of 8.1% (n=8) in the BB group (p = 0.058). No
difference in good functional outcome (GOS-E > 5) at
discharge (p = 0.36) or at 6-month follow-up (p = 0.09)
could be detected between the cohorts (Table 1). After
adjusting for all clinical variables between the groups, no
difference in risk for in-hospital mortality (adj. IRR 0.6
[95% CI 0.3-1.2], p = 0.2) and good functional outcome at
discharge (GOS-E > 5 adj. IRR 1.0 [95% CI 0.9-1.2],
p = 0.8) or 6 months following injury could be detected
(GOS-E > 5 Adj. IRR: 1.1 [95% CI 0.9-1.2], p = 0.3).

[ Enrollment ]

Assessed for eligibility (n=356)

Excluded (n=134)
+ Not meeting inclusion criteria (n=116)
+ Declined to participate (n=18)

A 4

Randomized (n=222)

!

Fig. 1 Consort diagram of patient flow throughout the trial

3 [ Allocation ] v
Allocated to intervention (n=102) Allocated to no intervention (n=120)
+ Received allocated intervention (n=102)
+ Did not receive allocated intervention (n=0)
[ Follow-Up ] v
A J
Discontinued intervention due to bradycardia Lost to follow-up (n=0)
(n=3)
Lost to follow-up (n=3)
v [ Analysis ] v
Analysed (n=99) Analysed (n=120)
+ Excluded from analysis (n=0) + Excluded from analysis (n=0)
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Table 1 Comparison of demographic and clinical characteristics between beta-blocker therapy positive and negative cohorts (n = 219)

Total BB (—) BB (+) p

n =219 n =120 n=99
Male sex 189 (86.3) 103 (85.8) 86 (86.9) 0.82
Age, mean [SD] 38 [18] 39 [20] 37 [17] 0.34
Age > 55 years 42 (19.2) 26 (21.7) 16 (16.2) 0.30
Hypertension 22 (10.0) 13 (10.8) 9(9.1) 0.67
Diabetes mellitus 13 (5.9) 9 (7.5) 4 (4.0) 0.39
Cardiovascular disease 16 (7.3) 9 (7.5) 7(7.1) 0.90
SBP mmHg, mean [SD] 130 [18] 129 [19] 131 [17] 0.57
GCS <8 82 (37.4) 49 (40.8) 33 (33.3) 0.25
Head AIS > 4 141 (64.4) 79 (65.8) 62 (62.6) 0.62
Thorax AIS > 3 55 (25.1) 30 (25.0) 25 (25.3) 0.97
Abdominal AIS > 3 9 4.1) 54.2) 4 (4.0 1.0
Extremity AIS > 3 11 (5.0) 6 (5.0 5(.1) 1.0
ISS median [IQR] 22 [16, 29] 25 [16, 29] 22 (17, 27] 0.20
ISS > 16 176 (80.4) 94 (74.3) 82 (82.8) 0.47
Epidural hemorrhage 78 (35.6) 44 (36.7) 34 (34.3) 0.72
Subdural hemorrhage 93 (42.5) 56 (46.7) 37 (37.4) 0.17
Subarachnoid hemorrhage 80 (36.5) 45 (37.5) 35 (35.4) 0.74
Contusion 128 (58.4) 74 (61.7) 54 (54.5) 0.29
Intraventricular hemorrhage 12 (5.5) 8 (6.7) 4 (4.0) 0.55
Base of skull fracture 121 (55.3) 70 (58.3) 51 (51.5) 0.31
Depressed skull fracture 32 (14.6) 18 (15.0) 14 (14.1) 0.86
Pneumocephalus 58 (26.5) 29 (24.2) 29 (29.3) 0.39
Craniectomy/craniotomy 80 (36.5) 50 (41.7) 30 (30.3) 0.08
ICU LOS days, mean [SD] 10 [10] 11 [10] 9 [10] 0.25
Median [interquartile range] 7 (3, 15] 7 (3, 16] 6 [3, 12]
Hospital LOS days, mean [SD] 15 [13] 14 [12] 16 [14] 0.40
Median [interquartile range] 11 [6, 19] 10 [6, 19] 12 [7, 20]
Mortality 28 (12.8) 20 (16.7) 8 (8.1) 0.058
GOS-E at discharge >5 149 (69.3) 78 (66.7) 71 (72.4) 0.36
GOS-E at 6 months >5 176 (81.5) 93 (77.5) 83 (86.5) 0.09

Percentages are stated within brackets

SBP admission systolic blood pressure, GCS Glasgow Coma Scale, AIS Abbreviated Injury Scale, ISS Injury Severity Score, IQR interquartile,

LOS length of stay, GOS-E Extended Glasgow Outcome Scale

After applying specified exclusion criteria to include
only patients suffering from isolated severe TBI, a total of
154 patients were available for further analysis, 68 (44%)
patients in the BB' group and 86 (56%) patients in the
BB~ group (see Fig. 2). Mean age was similar in the two
groups with a mean age (standard deviation) of 35 (SD 16)
years in BB* and 37 (SD 19) years in BB~ patients
(p = 0.6). The majority of patients were male with over
85% of the male sex in each subgroup. There were no
significant differences in the prevalence of hypertension,
diabetes mellitus or cardiovascular disease between the two
groups (Table 2). Furthermore, no significant differences
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were seen between groups with regards to injury severity or
type. Neurosurgical intervention (craniectomy/craniotomy)
was required in 27.9% (n = 19) in those receiving pro-
pranolol and in 38.4% (n = 33) in those not treated with
propranolol (p = 0.20) (Table 2). While there was no sig-
nificant difference in ICU or hospital length of stay,
patients administered propranolol showed significantly
reduced mortality compared to those unexposed (4.4% vs.
18.6%, p = 0.012) (Table 2). Although there was no dif-
ference in good functional outcome at discharge
(p = 0.08), the BB' group showed significantly better
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Fig. 2 Flow diagram of ) - s
isolated severe TBI patient BB 2621]2 ﬁfltéegrs BB
throughout the trial. *Isolated N-= 0120 : n%:lu sion =) N= 0102
STBI (severe traumatic brain (54%) (46%)
injury) = intracranial AIS > 3 Excluded
with all extracranial injuries <2 due to bradycardia
N=3
(2.9%)
BB® BB
N=120 N =99
(55%) (45%)
Excluded Excluded
due to severe due to severe
extracranial injury extracranial injury
N=34 N=31
(25%) (31%)
Isolated sTBI* Isolated sTBI*
BB® BB
N=286 N =068
(56%) (44%)
Mortality Mortality
N =16 (18.6%) N =3 (4.4%)

scores at 6-month follow-up (GOS-E > 5 92.3% vs.
79.1%, p = 0.04) (Table 2).

Poisson regression analysis for in-hospital mortality
outlined a strong protective link between propranolol and
survival in patients suffering an isolated severe TBI.
Patients not receiving propranolol had a threefold increase
in mortality rate compared to those exposed (adj. IRR 3.1
[95% CI 1.1-8.9], p =0.037) (Table 3). Additionally,
factors demonstrating significant association with increased
in-hospital mortality included age over 55 years, pre-injury
hypertension, GCS score of eight or less at admission, ISS
over 16, and the need for neurosurgical surgery (Table 3).
The same regression model was carried out for functional
outcome at discharge where no significant protective effect
of beta-blockade could be detected (GOS-E > 5 adj. IRR
1.1 [95% CI 0.9-1.3], p = 0.201). At 6-month follow-up,
however, propranolol-treated patients demonstrated a 20%
relative improvement in good functional outcome (GOS-
E > 5 adj. IRR 1.2 [95% CI 1.0-1.3], p = 0.023). A GCS
of eight or lower on admission was predictive of poorer
functional outcome at 6-month follow-up (GOS-E > 5 adj.
IRR 0.80 [95% CI 0.6-0.9], p = 0.005) (Table 4).

Discussion

Whether the administration of regular beta-blockade
should be part of the standardized treatment protocol in
neurointensive care units for severe traumatic brain injuries
is debated. While beta-blockade is not specifically recom-
mended as part of the Brain Trauma Foundation guidelines,
it is part of the so-called Lund concept guidelines devel-
oped by Lund University Hospital in Sweden [5]. The Lund
concept recommends active lowering of systemic blood
pressure through the administration of beta-blockade for
brain volume control, optimization of brain perfusion, and
oxygenation of the injured brain. Additionally, the Lund
concept acknowledges the positive effect of the beta-
blocker on the mitigation of the hyperadrenergic state. The
guideline also recognizes the protective extracranial effects
of beta-blockers by blocking the toxic effects mediated by
TBI-induced catecholamine surges and vasogenic edema.
Guidelines are often formed from multiple animal and
retrospective clinical studies demonstrating improved out-
comes following specific interventions, but no previous
study has tested the Lund concept in a randomized
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Table 2 Comparison of demographic and clinical characteristics between beta-blocker therapy positive and negative cohorts with isolated

severe TBI

Total BB (-) BB (+) p

n =154 n =86 n =068
Male sex 132 (85.7) 74 (86.0) 58 (85.3) 0.90
Age, mean [SD] 36 [18] 37 [19] 35 [16] 0.60
Age > 55 years 26 (16.9) 15 (17.4) 11 (16.2) 0.84
Hypertension 16 (10.4) 9 (10.5) 7 (10.3) 0.97
Diabetes mellitus 9 (5.8) 7 (8.1) 2 (2.9) 0.30
Cardiovascular disease 9 (5.8) 6 (7.0) 344 0.73
SBP mmHg, mean [SD] 130 [19] 130 [20] 130 [17] 0.90
GCS <8 46 (29.9) 29 (33.7) 17 (25.0) 0.24
Head AIS > 4 96 (62.3) 54 (62.8) 42 (61.8) 0.90
ISS median [IQR] 20 [13, 25] 20 [13, 26] 20 [15, 24] 0.20
ISS > 16 111 (72.1) 60 (69.8) 51 (75.0) 0.47
Epidural hemorrhage 58 (37.7) 32 (37.2) 26 (38.2) 0.90
Subdural hemorrhage 65 (42.2) 40 (46.5) 25 (36.8) 0.22
Subarachnoid hemorrhage 47 (30.5) 29 (33.7) 18 (26.5) 0.33
Contusion 82 (53.2) 50 (58.1) 32 (47.1) 0.17
Intraventricular hemorrhage 9 (5.8) 7 (8.1) 229 0.30
Base of skull fracture 87 (56.5) 50 (58.1) 37 (54.4) 0.64
Depressed skull fracture 25 (16.2) 14 (16.3) 11 (16.2) 0.99
Pneumocephalus 44 (28.6) 21 (24.4) 23 (33.8) 0.20
Craniectomy/craniotomy 52 (33.8) 33 (38.4) 19 (27.9) 0.17
ICU LOS days, mean [SD] 9 9] 10 [9] 71[7] 0.09
Median [interquartile range] 5.5 [3, 12] 6 [3, 15] 5 [3, 10]
Hospital LOS days, mean [SD] 14 [13] 14 [13] 14 [12] 0.82
Median [interquartile range] 10 [6, 18] 9.5 [6, 19] 11 [6, 18]
Mortality 19 (12.3) 16 (18.6) 3 (4.4) 0.012
GOS-E at discharge >5 109 (70.8) 56 (65.1) 53 (77.9) 0.08
GOS-E at 6 months >5 128 (84.8) 68 (79.1) 60 (92.3) 0.04

Percentages are stated within brackets

SBP admission systolic blood pressure, GCS Glasgow Coma Scale, AIS Abbreviated Injury Scale, ISS Injury Severity Score, IQR interquartile,

LOS length of stay, GOS-E Extended Glasgow Outcome Scale

controlled trial or the alternative of no beta-blocker therapy
in order to study the effects both short- and long-term
overall outcomes. In spite of this, the Lund concept is used
by several large university hospitals both in Sweden and in
other countries. Conversely, the American Brain Trauma
Foundation guidelines are used by other large university
hospitals in the same countries.

Severe brain injury is strongly associated with cate-
cholamine surge, often referred to as paroxysmal sympa-
thetic storm. This hyperadrenergic activity is linked to
increased risk of death through aggravating secondary
brain injury and by inducing extracranial multiorgan dys-
function most notably cardiovascular, pulmonary and
inflammatory [13, 21]. Cerebral perfusion and subsequent
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oxygen delivery to cerebral tissue are impaired through
catecholamine-induced cerebral vasoconstriction [11, 12].
Consequently, the use of beta-blockade to improve the
cerebral environment in this context is drawn from physi-
ological principles. The beneficial effects of beta-blockade
on survival in TBI have been demonstrated in a multitude
of retrospective cohort studies and were recently evaluated
in a systematic review and meta-analysis by Chen et al.
[22] demonstrating an odds ratio of 0.33 (95% CI
0.27-0.40, p < 0.001) for beta-blockade on in-hospital
mortality. Similar survival advantages were detected by
Alali et al. [23] after conducting a meta-analysis, and the
authors conditionally recommend this treatment as part of
Eastern Association for the Surgery of Trauma guideline
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Table 3 Incidence rate ratio for in-hospital mortality in patients with
isolated severe TBI (n = 154)

Adj. IRR (95% CI) p

No beta-blocker therapy 3.1 (1.1-8.9) 0.037
Beta-blocker therapy 0.32 (0.1-0.9) 0.037
Male sex 3.9 (0.4-43.8) 0.268
Age > 55 years 7.5 (1.6-34.9) 0.011
Hypertension 19.9 (3.2-123.2) 0.001
Diabetes mellitus 0.7 (0.2-3.2) 0.679
GCS <8 3.5(1.4-8.8) 0.009
Head AIS > 4 0.8 (0.3-1.7) 0.400%*
ISS > 16 13.9 (4.2-45.6) <0.001
Epidural hemorrhage 1.2 (0.4-4.0) 0.771
Subdural hemorrhage 0.8 (0.3-1.9) 0.577
Subarachnoid hemorrhage 1.8 (0.6-5.3) 0.289
Contusion 0.9 (0.3-2.8) 0.881
Intraventricular hemorrhage 0.8 (0.1-8.1) 0.887
Base of skull fracture 3.7 (0.9-14.4) 0.061
Depressed skull fracture 0.2 (0.04-1.4) 0.120
Pneumocephalus 2.2 (0.9-5.2) 0.079
Craniectomy/craniotomy 5.9 (1.3-27.2) 0.021

*Not ajusted for ISS in the regression model

Table 4 Incidence rate ratio for good functional outcome (GOS-E
> 5) at 6-month follow-up for patients with isolated severe TBI
(n =151)

Adj. IRR (95% CI) P
Beta-blocker therapy 1.2 (1.0-1.3) 0.023
Male sex 0.9 (0.8-1.0) 0.269
Age > 55 years 0.6 (0.4-0.9) 0.026
Hypertension 0.8 (0.5-1.2) 0.281
diabetes mellitus 1.0 (0.6-1.6) 0.943
Cardiovascular disease 1.4 (0.9-2.3) 0.118
GCS <8 0.8 (0.6-0.9) 0.005
Head AIS > 4 1.1 (0.9-1.5) 0.313*
ISS > 16 0.8 (0.6-1.1) 0.119
Epidural hemorrhage 1.0 (0.9-1.2) 0.665
Subdural hemorrhage 1.1 (0.9-1.2) 0.329
Subarachnoid hemorrhage 0.9 (0.7-1.0) 0.096
Contusion 0.9 (0.8-1.1) 0.349
Intraventricular hemorrhage 1.2 (0.9-1.6) 0.200
Base of skull fracture 0.9 (0.8-1.0) 0.112
Depressed skull fracture 1.1 (1.0-1.4) 0.100
Pneumocephalus 0.9 (0.7-1.1) 0.215
Craniectomy/craniotomy 0.9 (0.8-1.0) 0.108

*Not ajusted for ISS in the regression model

for patients suffering a traumatic brain injury. The current
study found that propranolol administered at 24 h after
admission in patients with a severe isolated TBI was
associated with a significant decrease in mortality (adj. IRR
0.32 [95% CI 0.1-0.9], p = 0.037).

The concept of neurocardiology is important in the
context of severe TBI where the event of brain injury can
lead to autonomic dysfunction and subsequent cardiac
dysfunction, ischemia and arrhythmias [24-26]. Cardiac
pathology is seen in up to 20% of patients with autopsies
demonstrating similarities between cardiac injuries in TBI
and in patients who die from a pheochromocytoma or a
cocaine overdose [7]. Beneficial effects of beta-blockade
on cardiac function following TBI has previously been
demonstrated in a clinical trial and corroborated by a
multitude of cohort studies [6, 27]. In a randomized clinical
trial of 114 patients suffering acute head injury, atenolol
was associated with significant reduction in the develop-
ment of supraventricular tachycardia, ST segment and T
wave changes and prevented cardiac necrosis seen at
autopsy [27]. Of the observed deaths in the cohort of iso-
lated severe TBIs in the current trial, 79% (n = 15) were of
cardiac nature. Only four deaths were of non-cardiac ori-
gin. Consequently, there is a physiological need for cardiac
protection in TBI.

Although there are several studies indicating a survival
benefit in TBI patients who have received beta-blockers
during their hospitalization, there is a paucity in the evi-
dence regarding any effect on long-term functional out-
come. In a propensity-matched cohort of patients with
severe TBI (intracranial AIS > 3), a strong association
between pre-injury beta-blocker therapy with continuous
in-hospital administration and better long-term functional
outcome (GOS >4 at 6 months post-discharge) was
detected (57.9% vs. 40.8%, p = 0.03) [28]. A possible
underlying mechanism is an improved oxygenation and
metabolism in the injured brain due to an improved cere-
bral circulation. In stroke patients, it has been shown that
propranolol is associated with decreased oxygen and glu-
cose consumption [15]. Similar results have been repro-
duced in vivo where propranolol increased the cerebral
perfusion and decreased cerebral hypoxia [9]. These find-
ings speak in favor of beta-blocker therapy which by
altering the intracranial milieu may lead to better healing
conditions of the injured brain tissue. In the current study,
although no significant difference in good functional out-
come (GOS-E > 5) could be detected at discharge
(p = 0.201), patients who received propranolol demon-
strated a significant improvement in functional outcome at
6 months post-discharge (GOS-E > 5 adj. IRR 1.2,
p = 0.023).

Concerns have, however, been raised regarding potential
side effects of beta-blockade. The primary concern is the
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risk of hypotensive episodes. Hypotensive episodes in
brain-injured patients have demonstrated significant asso-
ciation with both increased morbidity and mortality [29].
Additionally, the risk of bronchoconstriction due to beta-2
receptor blockade is another concern as this could lead to
hypoxia and subsequent worsening of existing penumbra
conditions due to the initial insult. In a prospective study
by Murry et al. [18], the use of low-dose intravenous
propranolol in patients suffering a mild-to-moderate TBI
did not increase the number or severity of such events
compared to controls. The safety of beta-blockade use after
TBI in regard to adverse outcomes was also noted by
Cruickshank and colleagues [27]. Interestingly, to date no
increased risk for such adverse events has been published
from centers that have introduced the Lund concept. In the
current trial, no patients were excluded due to hypotension
or hypoxia. Three patients were excluded on the basis of
persistent bradycardia. None of them experienced any
clinically significant adverse outcomes from this, and all
three demonstrated good functional outcome at discharge.

Despite the prospective randomized design, the current
trial is limited by a few study design factors. This includes
the lack of blinding or placebo and the restriction to one
trauma center only. Following patient exclusions to have a
more homogenous study population including only severe
isolated TBI, a total of 86 patients were analyzed in the
beta-blocker-exposed group compared to only 68 patients
in the beta-blocker-unexposed group. Finally, single doses
of administered beta-blockade during the hospital stay
were not controlled for. Consequently, it is possible that a
minority of patients in the BB~ group were given a single
dose of a beta-blocker agent during the trial period.

Conclusion

The results of this trial show that the use of early oral
propranolol in patients suffering isolated severe traumatic
brain injury lead to improved survival and better functional
outcome up to 6 months following injury. This provides
support for the routine administration of beta-blocker
therapy as part of a standardized neurointensive care
protocol.
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