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Abstract

Background Several North American studies have observed survival benefit in patients exposed to b-blockers

following traumatic brain injury (TBI). The purpose of this study was to evaluate the effect of b-blockade on

mortality in a Swedish cohort of isolated severe TBI patients.

Methods The trauma registry of an urban academic trauma center was queried to identify patients with an isolated

severe TBI between 1/2007 and 12/2011. Isolated severe TBI was defined as an intracranial injury with an

Abbreviated Injury Scale (AIS) C3 excluding extra-cranial injuries AIS C3. Multivariable logistic regression analysis

was used to determine the effect of b-blocker exposure on mortality. Also, a subgroup analysis was performed

to investigate the risk of mortality in patients on pre-admission b-blocker versus not and the effect of specific type of

b-blocker on the overall outcome.

Results Overall, 874 patients met the study criteria. Of these, 33 % (n = 287) were exposed to b-blockers during

their hospital admission. The exposed patients were older (62 ± 16 years vs. 49 ± 21 years, p\ 0.001), and more

severely injured based on their admission GCS, ISS, and head AIS scores (GCS B8: 32 % vs. 28 %, p = 0.007; ISS

C16: 71 % vs. 59 %, p = 0.001; head AIS C4: 60 % vs. 45 %, p\ 0.001). The crude mortality was higher in

patients who did not receive b-blockers (17 % vs. 11 %, p = 0.007) during their admission. After adjustment for

significant confounders, the patients not exposed to b-blockers had a 5-fold increased risk of in-hospital mortality

(AOR 5.0, CI 95 % 2.7–8.5, p = 0.001). No difference in survival was noted in regards to the type of b-blocker used.

Subgroup analysis revealed a higher risk of mortality in patients naive to b-blockers compared to those on pre-

admission b-blocker therapy (AOR 3.0 CI 95 % 1.2–7.1, p = 0.015).

Conclusions b-blocker exposure after isolated severe traumatic brain injury is associated with significantly im-

proved survival. We also noted decreased mortality in patients on pre-admission b-blocker therapy compared to

patients naive to such treatment. Further prospective studies are warranted.
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Introduction

Despite preventive efforts, intense research, advance-

ments in critical care, and construction of evidence-based

management guidelines by the Brain Trauma Foundation,

the mortality after traumatic brain injury (TBI) continues

to be the leading cause of death and disability among

children and adults between ages of 1–44 years. [1–6]

Recently, however, several retrospective observational

studies from North-America have detected a survival

benefit in patients exposed to b-blockers during their

hospital admission following TBI. [7–12] This finding has

been attributed to the impeding effect of b-blockers on the

detrimental sympathetic hyperactivity and catecholamine

surge that occurs after severe TBI. [13–16] It has been

postulated that this TBI-associated hyperadrenergic state

may result in non-neurological organ dysfunctions that

accounts for a substantial number of TBI-related deaths.

[17–22].

We aimed to investigate the effects of b-blocker expo-

sure in a Swedish population suffering from isolated severe

traumatic brain injury and we hypothesized that b-blocker

exposure following severe TBI results in improved

survival.

Patients and methods

The current study is a retrospective, observational cohort

investigation. After IRB approval, the trauma registry of

Karolinska University Hospital, an academic urban trauma

center in Stockholm, Sweden, was queried for patients

admitted between 1/2007 and 12/2011 with a TBI using

International Classification of Disease-10 (ICD-10) codes:

S06.1 to S06.9 (intracranial injuries). All adult patients

(age C18 years) admitted with a severe isolated TBI

caused by blunt trauma were enrolled. Isolated severe TBI

was defined as a head Abbreviated Injury Scale score (AIS)

C3 with chest, abdomen, and extremity AIS scores B2.

Patients not suffering from an isolated severe TBI or those

who had a head AIS = 6 were excluded. Patient data ab-

stracted from the institutional trauma registry and patient

electronic health records included age, gender, admission

Glasgow Coma Scale (GCS) score, admission systolic

blood pressure (SBP), intracranial injury characteristics

detected on multidetector computed tomography (CT), or

magnetic resonance imaging when diffuse axonal injury

(DAI) was suspected, AIS for all body regions, Injury

Severity Score (ISS), b-blocker exposure, the time and the

type of b-blocker administered (ATC: C07A), neurosurgi-

cal interventions, intensive care unit (ICU) length of stay

(LOS), hospital LOS, and in-hospital mortality.

At our institution, we adhere to the guidelines set for-

ward by the Brain Trauma Foundation. Patients suffering

from severe TBI are intubated, mechanically ventilated,

and sedated. Mass lesions are evacuated as deemed ap-

propriate by neurosurgeons. Mean arterial pressure (MAP)

is measured invasively, commonly in the radial artery.

Intracranial pressure (ICP) monitoring guided the therapy,

which is targeted at B20 mmHg. Central perfusion pres-

sure (CPP) is targeted at 50–70 mmHg, where CPP is

calculated as MAP - ICP. If necessary, b-blockade ther-

apy is utilized to reduce a potentially harmful hypertension

with a goal of systolic arterial blood pressure between

100–160 mmHg, or to adjust CPP. Patients with pre-ad-

mission b-blockade therapy are started on their prescribed

medication as soon as deemed medically safe by an at-

tending physician.

Statistical analysis

The primary outcome of the study was in-hospital mor-

tality. Demographics and clinical characteristics were

compared between patients exposed versus not exposed to

b-blockers during their hospital admission using bivariate

analysis. For analysis purposes, several continuous vari-

ables were dichotomized using clinically relevant cut-

points (age C55 vs.\55 years, SBP C90 vs.\90 mmHg,

GCS [8 vs. B8, head AIS = 3 vs. C4, and ISS \15 vs.

C16). Chi square or two-sided Fisher’s exact test was used

for comparison of categorical variables, while Student t test

or Mann–Whitney U test was deployed for comparison of

continuous variables when appropriate. Values are reported

as mean ± standard deviation (SD) for continuous vari-

ables and as percentages for categorical variables.

Risk factors that had a p value less than 0.2 from bi-

variate analysis were selected for stepwise logistic regres-

sion to identify independent predictors of mortality. For

assessing the effect of b-blockers on mortality, a multi-

variate logistic analysis was used where the study

population was stratified by b-blocker exposure and ad-

justed for significant differences (p\ 0.05) between the

groups. The adjusted odds ratio (AOR) and 95 % confi-

dence intervals (CI) were derived.

Data were entered into a computerized spreadsheet and

analyzed using the Statistical Package for Social Science

(SPSS 14.0 for Windows, Inc. Chicago, IL).
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Results

A total of 874 patients met the study inclusion criteria. Most

head injuries were caused by falls (67 %), followed by motor

vehicle crashes or auto versus pedestrian accidents (20 %),

and assaults (13 %). Overall, 33 % (n = 287) of the study

population was exposed to b-blockers during their hospital

stay. When comparing the demographics and clinical char-

acteristics between the study cohorts, patients receiving

b-blockers were significantly older (62 ± 16 years vs.

49 ± 21 years, p\ 0.001), and had a more severe head in-

jury based on admission GCS, ISS, and head AIS (GCS B8:

32 % vs. 28 %, p = 0.007; ISS C16: 71 % vs. 59 %,

p\ 0.001; head AIS C4: 60 % vs. 45 %, p\ 0.001). Sub-

dural hemorrhage (45 % vs. 34 %, p = 0.002), subarach-

noid hemorrhage (12 % vs. 7 %, p = 0.02), and diffuse

axonal injury (4.9 % vs. 1.4 %, p = 0.002) were more fre-

quently present in the b-blocker group compared to their non

b-blocker counterparts. Patients exposed to b-blockers were

less likely to undergo neurosurgical intervention (cranioto-

my/craniectomy: 11 % vs. 24 %, p = 0.001) (Table 1).

The crude mortality was higher in patients who did not

receive b-blockers (17 % vs. 11 %, p = 0.007), while both

ICU and hospital LOS were extended in the b-blocker cohort

(Table 2).

Bivariate analysis identified 9 factors to be potentially

associated with mortality (p\ 0.2), including the use of

b-blockers (Table 3). These factors were entered into a

stepwise logistic regression model.

As depicted in Table 4, age, hypotension on admission,

the severity of TBI based on admission GCS and head AIS,

subarachnoid hemorrhage, the refrain of neurosurgical in-

tervention, and the absence of b-blocker exposure (AOR

4.6, 95 % CI 2.8–7.7, p\ 0.001) were all independent

predictors of mortality (Table 4).

After adjusting for differences between the cohorts,

there was a 5-fold increased risk for in-hospital mortality in

patients not exposed to b-blockers (AOR 5.0, 95 % CI

2.7–8.5, p = 0.001) (Table 5).

The median time to initiation of b-blocker treatment was

1 day (25th and 75th percentile:1 and 3 days)], with ma-

jority (75 %) of the treatments commenced before day 3 of

admission. The two most common b-blockers used were

labetalol and metoprolol in 49 % and 45 % of the

population, respectively. There was no statistical difference

in mortality when comparing the type of b-blocker used.

A total of 134 (46 %) patients receiving b-blockers

during their admission were on b-blocker therapy prior to

their admission. When comparing patients who were on

b-blockers prior to their admission to those who commenced

their b-blocker medication at the hospital, the pre-admission

b-blocker group was significantly older (67 ± 12 years vs.

59 ± 18, p\ 0.001) but less severely injured based on ad-

mission GCS, ISS, and head AIS (GCS B8: 31 % vs. 43 %,

p = 0.03; ISS C16: 60 % vs. 80 %, p\ 0.001; head AIS

C4: 47 % vs. 71 %, p\ 0.001), and less likely to require a

neurosurgical intervention (craniectomy/craniotomy: 12 %

vs. 33 %, p\ 0.001) (Table 6).

Table 1 Comparison of demographic and clinical characteristics between patients exposed and not exposed to b-blockers

Total (n = 874) b-blocker (-) (n = 587) b-blocker (?) (n = 287) p

Age (years), mean ± SD 54 ± 20 49 ± 21 62 ± 16 \0.001

Age C55 years (%) 53 42 77 \0.001

Male gender (%) 73 73 73 0.852

GCS score B8 (%) 31 28 32 0.007

SBP\90 mmHg (%) 2.9 3.4 1.7 0.166

ISS, mean ± SD 19 ± 8 18 ± 8 20 ± 8 0.042

ISS C16 (%) 63 59 71 0.001

Head AIS C4 (%) 50 45 60 \0.001

Epidural hematoma (%) 12 15 8 0.006

Subdural hematoma (%) 38 34 45 0.002

Subarachnoid hemorrhage (%) 8.5 7 12 0.024

DAI (%) 2.5 1.4 4.9 0.002

Focal injury (%) 7.6 7,8 7 0.648

Other/multiple injuries (%) 32 35 24 \0.001

Craniotomy/craniectomy (%) 15 24 11 \0.001

GCS Glasgow Coma Scale Score, SBP systolic blood pressure, ISS Injury Severity Score, AIS Abbreviated Injury Scale, DAI Diffuse Axonal

Injury
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After adjustment for the differences between the pre-

admission versus first time in-hospital b-blocker exposed

groups, there was a 3-fold (AOR 3.0, 95 % CI 1.2–7.1,

p = 0.015) increased risk of mortality among patients who

were naive to b-blockers prior to their traumatic insult.

Likewise, there was a threefold (AOR 2.6, 95 % CI

1.4–4.9, p = 0.003) increased risk for mortality in patients

never exposed to b-blockers during their hospital stay

compared to the ‘‘first time in-hospital’’ exposed b-blocker

cohort.

Discussion

Brain injury is the leading cause of death among trauma

patients who arrive alive to trauma centers [2, 4, 5]. A

significant proportion of these deaths are unpreventable as

a result of the devastating primary brain injury. However,

among those patients who survive their initial injury and

hospitalization many are at risk for developing non-neu-

rological organ dysfunctions including cardiac arrhythmi-

as, cardiac muscle necrosis, pulmonary hypertension,

neurogenic pulmonary edema, and immunosuppression

with an increased risk of mortality [17, 20, 22–24]. Pre-

vious investigators have linked these extra-cranial

manifestations to the catecholamine surge that accompa-

nies severe TBI. Interestingly, this hyperadrenergic state

seems to be less pronounced in severely injured trauma

victims lacking intracranial injuries. [25] The hyperadren-

ergic state may also worsen the intracranial injury by in-

tracerebral vasoconstriction and subsequent hypoperfusion

and hypoxia of the injured brain. [26–28] Nearly three

decades ago, Neil-Dwyer and colleagues published their

pioneering work on hyperadrenergic state associated with

nontraumatic intracranial hemorrhage that has been repli-

cated and validated by several other investigators in pa-

tients suffering severe TBI [13, 14, 29, 30]. The TBI-

associated hyperadrenergic state with elevated levels of

plasma catecholamines proportional to the degree of the

intracranial injury seems to occur most significantly during

the first week following the traumatic insult [13–15, 19, 20,

25]. b-blockers are used in some specific TBI therapies,

notably the ‘‘Lund-concept’’, which is a recognized method

of ICP-targeted management with an aim to restore normal

intracranial physiology after TBI [31]. The ‘‘Lund- con-

cept’’ argues that the best way to reabsorb cerebral edema

is to control osmotic and hydrostatic differences, utilizing a

combination pharmacotherapy involving b1-antagonist

(metoprolol), a2-agonist (clonidine), sedation, dihydroer-

gotamine, and maintenance of colloid osmotic pressure.

This type of treatment has been shown to improve outcome

compared to other types of ICP management regimes [32].

The exact beneficial effects of the Lund-concept, and in

particular the role of b-blocker, have not been analyzed on

a deeper level.

Recently, several retrospective clinical studies from

North America have shown positive effects of in-hospital

b-blocker exposure on the overall outcome after TBI

[7–12, 18]. In our current investigation, we observed

similar overall incidence of b-blocker exposure in head-

injured patients and we noted, likewise, positive results on

survival in our studied population. Nevertheless, there are

several differences between our study and the studies

originating from North America. Firstly, our b-blocker

exposed patients were older than the North American

b-blocked cohorts. We also report the prevalence of pa-

tients on b-blockers prior to their traumatic insult, as well

as the type of b-blockers used. Finally, only 15 % of the

Swedish population is born of foreign nationality [33],

making the ethnic background more homogenous in Swe-

den compared to the North American settings. Overall,

North American emergency departments care for a more

diverse ethnic population compared to their Swedish

counterparts. [12, 33–37] The effect of ethnicity on the

overall outcome after TBI has been previously investigated

revealing quantifiable discrepancies between diverse ethnic

groups [34, 35, 37]. Likewise, the efficacy of b-blockers on

survival after TBI in different ethnic groups has been noted

by Bukur et al., suggesting that b-blocker exposure after

TBI may not benefit all ethnic groups equally [12].

Table 2 Outcomes by b-blocker exposure

Total (n = 874) b-Blocker (-) (n = 587) b-Blocker (?) (n = 287) p

Mortality (%) 15 17 11 0.007

HLOS, mean ± SD 13 ± 16 9 ± 11 22 ± 20 \0.001

ICU LOS, mean ± SD 4 ± 7 2 ± 5 7 ± 10 \0.001

ICU Free Days, mean ± SD 9 ± 12 7 ± 9 15 ± 15 \0.001

Ventilator Days, mean, ± SD 3 ± 6 1 ± 4 5 ± 8 \0.001

Vent. Free Days, mean ± SD 10 ± 13 7 ± 10 16 ± 16 \0.001

ICU LOS length of stay, HLOS hospital length of stay
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Although the protective effect of b-blockers following

head injury is unclear, it is postulated that b-blockers

mitigate the TBI-related hyperadrenergic state thus

protecting against the extra-cranial organ dysfunction.

Cotton and colleagues studied the effect of b-blocker ex-

posure in patients who were hospitalized between 4 and

30 days for severe head injury. A total of 420 patients were

included in this retrospective cohort study with 174 pa-

tients being exposed to b-blockers. Despite being of older

age, more severely injured, having a higher rate of con-

comitant respiratory and infectious complications with a

longer average length of stay, patients who had been ex-

posed to b-blockers had a significant mortality reduction

when compared to their non b-blocked counterparts (5.1 %

vs. 10.8 %, p = 0.036). After adjusting for potential con-

founders between the cohorts, the relative risk of death

between patients exposed to b-blockers and those who

were not was 0.29 (95 % CI 0.14–0.6, p = 0.001) [9].

Likewise, Arbabi et al. observed a reduction in mortality

after TBI in patients who had been exposed to b-blockers

during their hospital admission, even though these victims

of head injury were older, more severely injured, and had

higher incidence of comorbidities compared to their non

b-blocked counterparts. [8] Also, Inaba and colleagues

observed a marked reduction in mortality in their elderly

patients who had suffered a severe head injury (AIS C4)

and had been exposed to b-blockers during their ICU stay

[7]. Finally, Schroeppel and co-authors found a significant

reduction in mortality (AOR 0.35, 95 % CI 0.25–0.49) in

blunt TBI patients who had been exposed to b-blockers

despite being older and more severely injured [10]. These

investigators suggested that this survival benefit might

occur due to the protective effects mediated by beta-

blockers on the toxic hyperadrenergic state. Similar to the

North American studies, patients in our investigation being

exposed to b-blockers were significantly older and more

severely injured. Despite these disadvantages seen in the

b-blocker cohort, patients not exposed to b-blockers during

their admission had an increased risk for mortality (OR 1.8,

95 % CI 1.2–2.7, p = 0.007). The risk for mortality was

even greater after adjusting for differences between the

Table 3 Risk factors for mortality with p\ 0.2 were included in

multivariable analysis

Factors Mortality

n (%)

OR (95 % CI) p

Age C55 (years)

Yes 110(24) 5.4 (3.4–8.7) \0.001

No 356 (76)

Male

Yes 83 (13) 1.8 (1.2–2.5) 0.006

No 553 (87)

GCS B8

Yes 90 (33) 6.5 (4.4–9.8) \0.001

No 183 (67 %)

SBP\90 mmHg

Yes 118 (14) 7.9 (3.5–17.8) \0.001

No 731 (86)

ISS C16

Yes 115 (21) 4.8 (2.8–8.1) \0.001

No 436 (79)

Head AIS C4

Yes 100 (23) 3.4 (2.5–5.7) \0.001

No 337 (77)

Epidural hematoma

Yes 7 (7) 0.4 (0.2–0.8) 0.008

No 101 (93)

Subdural hematoma

Yes 50 (15) 1.0 (0.7–1.5) 0.952

No 279 (85)

Subarachnoid hemorrhage

Yes 22 (30) 2.7 (1.6–4.5) \0.001

No 52 (70)

DAI

Yes 5 (23) 1.7 (0.6–4.6) 0.312

No 17 (78)

Focal injury

Yes 9 (14) 0.9 (0.4–1.8) 0.729

No 57 (86)

Other/multiple injuries

Yes 39 (14) 0.9 (0.6–1.3) 0.606

No 236 (86)

Neurosurgery

No 11 (8) 2.2 (1.2–4.2) 0.014

Yes 124 (92)

b-Blocker

No 30 (11) 1.8 (1.16–2.8) 0.007

Yes 257 (89)

Table 4 Independent predictors for mortality from stepwise logistic

regression

Step Variable selected Adjusted OR (95 % CI) p

1 GCS B8 6.5 (4.4–9.8) \0.001

2 Age C55 years 6.1 (3.7–10.1) \0.001

3 No b-Blocker 4.6 (2.8–7.7) \0.001

4 Head AIS C4 2.6 (1.6–4.2) \0.001

5 Hypotension 6.7 (2.5–18) \0.001

5 SAH 3.9 (1.9–8.1) \0.001

6 No neurosurgery 3.0 (1.4–6.3) 0.004

Variables included in the regression model: age, gender, GCS, hy-

potension, ISS, Head AIS, subarachnoid hemorrhage, neurosurgical

intervention, b-Blocker exposure
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cohorts (AOR 5.0, 95 % CI 2.7–8.5, p = 0.001). These

observations support the hypothesis that b-blockade pro-

vides a positive effect on outcome, and this effect might be

a result of protection against the catecholamine surge and

the subsequent extra-cranial organ dysfunctions seen in

patients of traumatic brain injury across the populations of

North America and Scandinavia.

The timing for b-blockade therapy to mitigate the

detrimental effects of the TBI-associated catecholamine

surge has yet to be defined. Currently, there are no useful

tests that predict or diagnose the hyperadrenergic state in

clinical settings. The catecholamine surge may result in

hyperthermia, tachycardia, tachypnea, diaphoresis, and

hypertension, but other underlying causes should be ruled

out first [18]. At our institution, patients receive b-blockade

agents as first line of therapy to reduce potentially harmful

hypertensive episodes and for maintaining a steady central

perfusion pressure to avoid the risk of cerebral hyperemia

[38, 39]. When comparing patients who were on pre-ad-

mission b-blocker therapy to those who had no such

treatment pre-injury, we noticed a significant difference in

the timing of first dose b-blocker administered. The median

time for initiation of b-blocker therapy was 1 day (25th and

75th percentile:1 and 2 days) in patients who were on

b-blockers and 1 day (25th and 75th percentile: 1 and

6 days) in patients not on b-blockers prior to their injury.

An explanation for this finding could be the in-hospital

reconciliation with patients’ home medications rather than

treatment of a complication. After adjusting for differences

between patients on b-blockers prior to their admission

with those who were exposed to b-blockers for the first

time in-hospital, we noted a 3-fold increased risk for

mortality (AOR 3.0, 95 % CI 1.2–7.1, p = 0.002) in the

latter group. This finding suggests that early and con-

tinuous b-blockade may down-regulate the detrimental

hyperadrenergic state that is associated with severe TBI.

The main limitation of this study inherited to its retro-

spective design. Secondly, we were not able to control for

comorbidities in our study population, neither do we know

the exact cause of death for the TBI-treated patients in our

study. Thirdly, we may have introduced a potential treat-

ment bias where b-blockade therapy is administered only

in cases where survival is deemed possible. Also, the re-

sults might reflect a social difference since patients with

b-blockade therapy might be on a higher socio-economic

level and thus have lower co-morbidity, and probably a

better outcome, than patients in lower socio-economic

groups. Although our study does support the theory of the

beneficial effects of b-blocker exposure in TBI patients, it

does not answer the questions regarding the timing of in-

tervention and duration of therapy. Finally, our data only

prove a survival benefit, however, does not explain the

mechanism of the outcome benefit nor the quality of life for

the surviving patients.

Due to the retrospective design of our investigation and

previous studies on the topic, we do recommend that these

Table 5 Odds ratio for mortality between patients exposed and not exposed to b-blockers

Mortality n (%) OR (95 % CI) P Adjusted OR (95 % CI) Adjusted p

b-blocker (-) 102/587 (17) 1.8 (1.2–2.7) 0.007 5 (2.7–8.5) 0.001

b-blocker (?) 30/287 (11)

Variable adjusted for: Age, GCS B8, ISS C16, Head AIS C4, Neurosurgical Intervention, Intracranial Injury

Table 6 Comparison of demographic and clinical characteristics between patients on b-blockers prior to their TBI and those exposed to

b-blockers first time after admission

Total

(n = 287)

In-Hospital b-Blocker

(n = 153)

Pre-injury b-Blocker

(n = 134)

P

Age (years), mean ± SD 62 ± 16 59 ± 18 67 ± 12 \0.001

Age C55 years (%) 77 70 86 0.001

Male gender (%) 73 77 70 0.178

GCS Score B8 (%) 37 43 31 0.028

SBP\90 mmHg (%) 1.7 2 1.5 0.762

ISS, mean ± SD 20 ± 8 21 ± 8 18 ± 7 \0.001

ISS C16 (%) 71 80 60 \0.001

Head AIS C4 (%) 60 71 47 \0.001

Craniotomy/Craniectomy (%) 24 33 12 \0.001

Abbreviations: GCS = Glasgow Coma Scale Score, SBP = Systolic Blood Pressure, ISS = Injury Severity Score, AIS = Abbreviated Injury

Severity Scale
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results should be interpreted with caution until verified by

prospective randomized controlled investigations.

Conclusion

Our study reports that b-blocker exposure in patients sus-

taining an isolated severe TBI is associated with improved

survival. Prospective evaluation of our results is warranted.
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