
Nordness et al. Critical Care          (2023) 27:228  
https://doi.org/10.1186/s13054-023-04479-6

RESEARCH Open Access

This is a U.S. Government work and not under copyright protection in the US; foreign copyright protection may apply 2023. Open 
Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, 
distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is 
not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the 
permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http:// creat iveco 
mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco mmons. org/ publi cdoma in/ 
zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Critical Care

Effect of propranolol and clonidine 
after severe traumatic brain injury: a pilot 
randomized clinical trial
Mina F. Nordness1,2, Amelia W. Maiga1,2,16, Laura D. Wilson3,4, Tatsuki Koyama1,5, Erika L. Rivera1,2, 
Shayan Rakhit1,2, Michael de Riesthal3, Cari L. Motuzas6, Madison R. Cook1,7, Deepak K. Gupta8, 
James C. Jackson1, Shawniqua Williams Roberson1, William J. Meurer9, Roger J. Lewis10, Geoffrey T. Manley11, 
Pratik P. Pandharipande1,12,13,15 and Mayur B. Patel1,2,3,12,14,15,16* 

Abstract 

Objective To evaluate the safety, feasibility, and efficacy of combined adrenergic blockade with propranolol and 
clonidine in patients with severe traumatic brain injury (TBI).

Background Administration of adrenergic blockade after severe TBI is common. To date, no prospective trial has 
rigorously evaluated this common therapy for benefit.

Methods This phase II, single-center, double-blinded, pilot randomized placebo-controlled trial included patients 
aged 16–64 years with severe TBI (intracranial hemorrhage and Glasgow Coma Scale score ≤ 8) within 24 h of ICU 
admission. Patients received propranolol and clonidine or double placebo for 7 days. The primary outcome was 
ventilator-free days (VFDs) at 28 days. Secondary outcomes included catecholamine levels, hospital length of stay, 
mortality, and long-term functional status. A planned futility assessment was performed mid-study.

Results Dose compliance was 99%, blinding was intact, and no open-label agents were used. No treatment patient 
experienced dysrhythmia, myocardial infarction, or cardiac arrest. The study was stopped for futility after enrolling 47 
patients (26 placebo, 21 treatment), per a priori stopping rules. There was no significant difference in VFDs between 
treatment and control groups [0.3 days, 95% CI (− 5.4, 5.8), p = 1.0]. Other than improvement of features related to 
sympathetic hyperactivity (mean difference in Clinical Features Scale (CFS) 1.7 points, CI (0.4, 2.9), p = 0.012), there 
were no between-group differences in the secondary outcomes.

Conclusion Despite the safety and feasibility of adrenergic blockade with propranolol and clonidine after severe TBI, 
the intervention did not alter the VFD outcome. Given the widespread use of these agents in TBI care, a multi-center 
investigation is warranted to determine whether adrenergic blockade is of therapeutic benefit in patients with severe 
TBI.
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Background
Severe traumatic brain injury (TBI) is associated with 
increased intracranial pressure, activation of the sym-
pathetic nervous system and catecholamine response, 
and major morbidity and mortality [1–6]. This increased 
catecholamine response is predictive of length of stay, 
mechanical ventilation, neurologic outcome, and mortal-
ity [7]. Prior retrospective studies [8–12], including two 
from our group [13, 14], link adrenergic blockade to sur-
vival after severe TBI, possibly mediated by dampened 
sympathetic hyperactivity.

These findings have resulted in an increase in β-blocker 
use in our institution to greater than 40% in young, severe 
TBI patients [14]. β-blockade is just one pharmacologic 
strategy to reduce sympathetic hyperactivity; centrally 
acting α2-agonists also serve as sympatholytic agents 
[15–17]. The prototypical centrally acting α2-agonist, clo-
nidine, decreases plasma catecholamines and improves 
outcomes in a rat model of incomplete cerebral ischemia 
[18]. Clonidine decreases plasma catecholamines and 
cerebral vasoconstriction without altering cerebral blood 
flow in patients with severe TBI [19, 20].

Despite available cohort and open-label data, rigorous 
blinded prospective trial evidence remains lacking on 
the feasibility, safety, and efficacy of β-blockers and α2-
agonists after severe TBI [21–24]. A 2017 meta-analysis 
specifically highlighted the poor quality of the literature 
on this question and the need for high-quality prospec-
tive trials investigating beta blockade in TBI patients 
[20]. We conducted a single-center, double-blind, pilot 
randomized placebo-controlled trial to test the hypoth-
esis that sympathetic blockade with propranolol and clo-
nidine improves clinical outcomes in severe TBI patients 
by increasing ventilator-free days, defined as days alive 
and not on the ventilator, in addition to demonstrating 
the safety and feasibility of such a trial.

Methods
Trial design
We conducted a phase II, single-center, randomized, dou-
ble-blinded, placebo-controlled pilot trial to test whether 
sympathetic blockade with propranolol and clonidine 
within 48  h of severe TBI improves clinical outcomes. 
Our protocol was approved by our Institutional Review 
Board and registered (NCT01322048). Enrollment took 
place between August 2011 through January 2015. One 
group received centrally acting sympatholytic drugs, 
propranolol and clonidine, and the other group received 
double placebo with identical routes of administration. 
To maintain group balance for this small trial, patients 
were assigned to treatment groups using a Bayesian 
weighted 1:1 adaptive co-variate randomization scheme 
with a random element based on neuroradiologist-rated 

computed tomography (CT) Marshall Class and age 
(double-weighted). At 50% accrual, two-stage stopping 
rules were applied on efficacy with Type I error of 3% and 
futility with conditional power < 50%.

Participants
Inclusion criteria were severe TBI defined as Glasgow 
Coma Score (GCS) less than 8 with hemorrhage on head 
CT in patients between the ages of 16 and 64. Partici-
pants may or may not have had associated extracranial 
injuries. By definition, patients with TBI without hemor-
rhage on CT (i.e., diffuse axonal injury visible on mag-
netic resonance imaging [MRI] only) were not included. 
Exclusion criteria included pre-existing heart disease, 
study drug contraindication, penetrating TBI, pre-injury 
brain dysfunction, spinal cord injury, current β-blocker 
or α2-agonist use, and impending herniation, craniotomy, 
or death. Prisoners, pregnant women, and those unable 
to complete all follow-up visits were also excluded.

Surrogates of patients who met inclusion criteria and 
no exclusion criteria were approached for enrollment, 
and informed consent was obtained from the designated 
surrogate before any study procedures were performed. 
Participants were re-consented if they regained capacity. 
Patients without surrogates were not enrolled. Potential 
participants had to be screened within 24  h of injury, 
with study drug initiation within 48 h of injury. Figure 1 
shows the study CONSORT diagram [25].

Intervention
Patients were administered either both propranolol and 
clonidine (treatment arm), or placebo. All patients and 
study personnel, except for the pharmacist and biostat-
istician, were blinded to treatment assignment. Treat-
ment (or placebo) delivery started within 48 h of injury 
but after plasma and 24-h urine catecholamine meas-
urements were obtained. Both drugs (or double place-
bos) were administered at staggered times for 7  days 
with drug holds for hemodynamic parameters [26]. Pro-
pranolol was administered intravenously at a dose of 
1  mg every 6  h, and doses were held for heart rate less 
than 60 bpm, mean arterial pressure less than 60 mmHg, 
and/or cerebral perfusion pressure less than 60  mmHg. 
Placebo was intravenous administration of sterile 0.9% 
normal saline. Clonidine was administered at a dose of 
0.1 mg per tube every 12 h and was held for mean arte-
rial pressure < 60 mmHg and/or cerebral perfusion pres-
sure < 60 mmHg. Placebo was per tube administration of 
microcrystalline cellulose compounded by the investiga-
tional drug service. If hemodynamic parameters were met 
while a patient was on vasopressors, drug delivery still 
occurred. We documented compliance with treatment 
delivery and any reasons for missed administrations.
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Clinicians were allowed to use β-blockers at any point 
if there was a myocardial infarction or need for heart 
rate control refractory to calcium channel blockers and 
anti-arrhythmic medications. Dexmedetomidine, a pro-
totypical α2-agonist, was allowed if standard sedation 
regimens, such as propofol, lorazepam, and midazolam, 
failed to achieve adequate sedation. In the case of vaso-
pressors, phenylephrine and vasopressin were preferred 
agents, with additional support from inotropes dobu-
tamine and milrinone. Norepinephrine, epinephrine, and 
dopamine agents were avoided unless increased cardiac 
output was needed or further systemic vascular resist-
ance was required beyond that produced by preferred 

vasopressors. We tracked the use of non-study β-blockers 
and α2-agonists. Ventilators were weaned utilizing clini-
cal judgment by an interdisciplinary team of respiratory 
therapists, critical care fellows, and attending physicians, 
who conducted twice-daily simultaneous spontaneous 
awakening and breathing trials, a practice developed at 
our institution [27].

Safety monitoring
This phase II study focused on safety and efficacy. Safety 
parameters collected throughout the study included car-
diac complications such as dysrhythmia (e.g., sympto-
matic bradycardia), myocardial infarction, cardiac arrest, 

Fig. 1 Screening, enrollment, and randomization for propranolol and clonidine versus double placebo after severe traumatic brain injury 
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and neuro-worsening. All serious, unexpected, and 
study-related adverse events were reported in a blinded 
fashion to the Data Safety Monitoring Board within 24 h.

Efficacy outcomes
The primary outcome was ventilator-free days (VFD), 
defined as days alive and not requiring mechanical ven-
tilation during a 28-day period, chosen to avoid the com-
peting risk of mortality [28, 29]. Secondary outcomes 
included change in plasma and urine catecholamine 
levels following treatment (measured at enrollment/pre-
randomization and study day 8), coma-free days, ICU 
length of stay (LOS), hospital LOS, in-hospital agitation, 
in-hospital mortality, and functional status at discharge. 
Arousal and agitation were measured twice daily with 
both the Richmond Agitation-Sedation Score (RASS) 
[30], Glasgow Coma Scale (GCS), and the Agitation 
Behavior Scale (ABS) for TBI until hospital discharge. 
Paroxysmal sympathetic hyperactivity (PSH) was meas-
ured using the validated Clinical Features Scale (CFS) 
[31]. At the time the study protocol was developed in 
2011, the Paroxysmal Sympathetic Hyperactivity-Assess-
ment Measure (PSH-AM) [31], which contains the CFS 
and the Diagnostic Likelihood Tool (DLT), had not yet 
been developed. However, at the time, the components of 
the CFS were well known as important diagnostic crite-
ria for PSH [32] and thus, were prospectively collected. 
As the PSH-AM, including the CFS, was published dur-
ing the conduct of the trial, these components of the CFS, 
identified a priori were used to calculate the CFS.

Additional secondary outcomes included neuropsycho-
logical and quality of life metrics obtained at in-person 
long-term follow-up. Study personnel obtained a baseline 
neuropsychological evaluation at hospital discharge using 
the Rancho Los Amigos level of cognitive functioning 
scale [33]. Follow-up visits at 3 and 12 months included 
neuropsychological testing for global executive function 
and processing speed using the Trail Making Test Part B 
[34]. Quality of life and functional status were assessed 
with the Quality of Life after Brain Injury (QOLIBRI) 
[35] and Extended Glasgow Outcome Scale (GOSE) [36]. 
The Social Security Death Index was monitored monthly 
to assess out-of-hospital mortality.

Sample size calculation
Our sample size was calculated based on our primary 
outcome of ventilator-free days (VFD) after adrener-
gic blockade in severe TBI patients. As this was a pilot 
study that is the first of its kind, we utilized a clinically 
relevant difference between the experimental and con-
trol mean VFD of 2  days, with a standard deviation of 
3  days; we calculated that 48 experimental and 48 con-
trol subjects were required to achieve 90% power, plus 

accounting for 4 patient withdrawals. A planned interim 
analysis (described in detail in our “Interim Analysis 
Plan”) accounts for the uncertainty in the true differ-
ence in VFD [37]. The Type I error rate was set at 5%. 
With independent biostatistical input, this calcula-
tion was performed using PS, Power and Sample Size 
Calculations program [38]. The primary outcome was 
VFD with a planned enrollment of 100 subjects. At 50% 
accrual, the two-stage stopping rules were based on effi-
cacy with Type I error of 3% and futility with conditional 
power < 50%, utilizing an alpha spending approach to 
account for multiple tests [37]. This a priori planned futil-
ity assessment was performed mid-way through partici-
pant accrual, while maintaining the blind, to determine 
either overwhelming evidence of efficacy or futility.

Randomization
In order to maintain group balance, patients were 
assigned to treatment groups using a Bayesian weighted 
adaptive co-variate randomization scheme with a ran-
dom element based on CT Marshall Class and age, with 
age weighted twice the CT Marshall Class [39, 40]. This 
allocation scheme allowed a dominant element of ran-
domness while achieving balance between the two 
groups. Randomization was performed by investiga-
tional pharmacists using a password-protected computer 
program.

Blinding
Apart from investigational pharmacy and study biostat-
isticians, all clinical and research personnel were blinded 
to each patient’s treatment group. Placebo, both injec-
tions and tablets, were indistinguishable from active 
treatments when sent from the investigational pharmacy.

Statistical methods
Data were analyzed with an intention-to-treat approach. 
Continuous data were summarized using means and 
standard deviations, while categorical data were sum-
marized using frequencies and proportions. Differences 
between the treatment groups on continuous variables 
were assessed using Wilcoxon rank-sum tests, and for 
categorical variables, difference in proportions was esti-
mated with the Pearson method. In-hospital mortality 
was compared using Fisher’s exact test. Survival propor-
tions were estimated with Kaplan–Meier method, and 
log-rank test was used to assess the difference in survival 
function. A significance level of 0.05 was used to indicate 
statistical significance. Secondary neurocognitive out-
comes were assessed in survivors who successfully com-
pleted long-term follow-up. All analyses were completed 
using R statistical software version 3.4.
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Results
Over a four-year period, we screened 302 consecutive 
patients with severe TBI admitted to our center. Enroll-
ment was stopped at 50% accrual at 48 patients as the 
futility stopping rule determined that, even at its accrual 
goal of 96, the trial would not achieve conditional power 
to detect a significant difference in the primary outcome. 
A single patient was withdrawn from the study by their 
surrogate prior to randomization, leaving 47 patients 
randomized to placebo or treatment. Figure 1 shows our 
screening, enrollment, randomization, and follow-up. A 
total of 26 patients were allocated to the placebo group 
and 21 to the treatment group. A total of 11 patients died 
in-hospital, 6 in the placebo group and 5 in the treat-
ment group, leaving a total of 20 and 16 in the placebo 
and treatment groups, respectively, for follow-up. Two 
patients in the placebo group died before their 3-month 
follow-up. Two patients in the treatment group com-
pleted the 3-month assessment but were lost to follow-up 
at the 12-month assessment. All other patients completed 
the study and were observed for their entire hospitaliza-
tion or until study day 28. Among 47 randomized, the 
age, sex, race, injury and imaging severity, and organ 
failure score are listed in Table 1. Total hospital doses of 
fentanyl and propofol were comparable between groups. 
In terms of sedatives other than fentanyl or propofol, two 
patients received phenobarbital (both < 60  mg per day), 
and one patient received midazolam (< 40 mg per day).

Protocol adherence
Compliance and protocol adherence were high (99%, 
1854 of 1872 doses possible), and blinding was intact. 
Reasons for non-administration of the 18 doses were as 
follows: hemodynamic parameters not met (11 cases), 
nursing error (4), pharmacy error (1), and problems with 
enteral access for clonidine (1). Study drug was discon-
tinued in one patient due to rapid neurologic decline 
with plans for no further escalation of care. Study drug 
was never held due to physician preference, physician 
error, lack of IV access, or the patient not being present 
in the ICU (e.g., receiving MRI). Patients received non-
study β-blockers or α2-agonists during the study period in 
two instances outside of the ICU, where β-blockers were 
administered intraoperatively by anesthesia personnel.

Safety evaluation
Neither cardiac complications nor other serious adverse 
events occurred. A single patient in the treatment arm 
had a temporary asymptomatic junctional bradyarrhyth-
mia that required no intervention, and the study drug 
was continued. This event was noted, and the patient 
remained in the study. No patients were removed from 

the study due to safety concerns. Study drug was never 
held due to concerns over clinical care. Non-study pro-
pranolol or clonidine were never required by clinical per-
sonnel in the ICU during the treatment period.

Primary and secondary outcomes
The mean ventilator-free days (VFD) did not dif-
fer between treatment and placebo groups (Treat-
ment: 13.4 ± 9.2 vs. Placebo: 13.6 ± 9.9; mean difference 
0.3 days, 95% CI − 5.4–5.8, p = 1.0). Similarly, we did not 
detect a significant difference in the secondary outcomes 
of agitation, LOS, in-hospital mortality (OR 1.4, 95% CI 
0.3–6.7, p = 0.7), or improvements in long-term neu-
ropsychological status despite > 90% follow-up (Table 1). 
Survival probability is shown in Fig.  2, which was simi-
lar between the treatment groups (p = 0.6). Sympathetic 
hyperactivity, as measured by the Clinical Features Scale 
(CFS), was significantly more severe in the placebo group 
(mean of 9.3 vs. 7.6, mean difference 1.7 points, 95% CI 
0.4–2.9, p = 0.012). However, there was no significant dif-
ference in the secondary outcomes of plasma or urine 
catecholamine levels between pre-enrollment and study 
day 8 (Table 2).

Discussion
This study is the only prospective double-blinded, pla-
cebo-controlled randomized trial of sympathetic block-
ade using propranolol and clonidine in patients with 
severe TBI. We found that it is safe and feasible to admin-
ister combined adrenergic blockade in these critically ill 
patients. However, we identified no significant differ-
ences in our primary outcome of ventilator-free days. 
The mean ventilator-free days were 13.6 in the placebo 
group and 13.4 in the intervention, whereas study drug 
administration only ran from up to 7 to 9 days (starting 
between 0 and 48 h after injury). This discrepancy may 
have resulted in a rebound effect of sympathetic hyper-
activity that may have resulted in an inability to detect 
a difference. Although we did not identify significant 
differences in our primary clinical endpoint, we did 
find that despite this small sample, the treatment group 
receiving adrenergic blockade had improved scores on 
the Clinical Features Scale (CFS), a scale designed to 
assess symptoms of paroxysmal sympathetic hyperactiv-
ity (PSH), also known as “neurostorming”, “sympathetic 
storming”, and by other synonyms [31, 41–45]. Although 
findings regarding secondary outcomes such as this may 
have been due to failure to correct for multiplicity in our 
analysis, it is a signal to be further explored in future 
work, and also aligns with the treatment mentality of 
clinicians who use these pharmacologic interventions to 
decrease agitation after TBI.
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Table 1 Clinical data: baseline characteristics and outcomes of propranolol and clonidine (treatment) versus double placebo after 
severe traumatic brain injury

Clinical data Placebo (n = 26) Treatment (n = 21) P value

Baseline characteristics

 Age, in median (IQR) 28 (19–36) 24 (21–34)

 Sex, in N (%)

  Female 1 (4) 5 (24)

  Male 25 (96) 16 (76)

 Race, in N (%)

  Black 2 (8) 2 (10)

  White 24 (92) 19 (90)

 Injury Severity Score (ISS)a, in median (IQR) 41 (30–45) 36 (34–43)

 Sequential Organ Failure Assessment (SOFA) Score, in median 
(IQR)

7 (5–9) 7 (4–9)

 Marshall Head CT  Classb, in N (%)

  Class II (diffuse injury) 16 (62) 14 (67)

  Class III (diffuse injury & swelling) 6 (23) 7 (33)

  Class IV (diffuse injury & shift) 3 (11) 0 (0)

  Class VI (non-evacuated lesion) 1 (4) 0 (0)

Outcomes

 Ventilator-free days, in mean ± SD 18.0 (0.1–20.5) 16.2 (5.5–20.1) 0.88

 ICU length of stay, days, in median (IQR) 11 (6–18) 15 (10–21) 0.14

 Hospital length of stay, days, in median (IQR) 18 (7–25) 20 (14–31) 0.23

 In-hospital mortality, in N (%) 7 (27) 4 (19) 0.73

  CFSc during treatment 9.5 (8.0–11.0) 8.0 (6.0–9.0) 0.01

 Fentanyl dose  totald mcg, in mean ± SD 8015 ± 5686 7375 ± 5931 0.71

 Propofol dose  totald mcg/kg, in mean ± SD 1314 ± 1068 1377 ± 1382 0.86

  Ranchoe score at discharge 3.5 (2.0–5.0) 5.0 (3.8–5.0) 0.33

  GOSEf at 3 months, in N (%) 0.89

  GOSE1 8 (33) 5 (26)

  GOSE2 3 (12) 2 (11)

  GOSE3 7 (29) 5 (26)

  GOSE4 3 (12) 3 (16)

  GOSE5 1 (4) 2 (11)

  GOSE6 1 (4) 2 (11)

  GOSE7 0 (0) 0 (0)

  GOSE8 1 (4) 0 (0)

  GOSEf at 12 months, in N (%) 0.84

  GOSE1 8 (31) 5 (25)

  GOSE2 1 (4) 1 (5)

  GOSE3 4 (15) 1 (5)

  GOSE4 3 (12) 3 (15)

  GOSE5 2 (8) 3 (15)

  GOSE6 5 (19) 3 (15)

  GOSE7 3 (12) 3 (15)

  GOSE8 0 (0) 1 (5)

  QOLIBRIg at 3 months 69 (52–76) 69 (54–82) 0.75

  QOLIBRIg at 12 months 70 (61–76) 69 (65–76) 0.82

 Trail Making  Testh at 3 months 57 (36–159) 100 (53–134) 0.43

 Trail Making  Testh at 12 months 62 (51–103) 39 (35–65) 0.04
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In contrast to the lack of clinical benefit demonstrated 
in this study, several translational animal-model, retro-
spective, prospective and non-placebo-controlled trials 
support a link between adrenergic blockade with sur-
vival and even long-term cognitive benefit in severe 
TBI [21, 24, 46, 47]. The potential reasons for the con-
clusions of these non-randomized, non-blinded, and 
non-placebo-controlled trials are several. No studies 
to date have been able to effectively address potential 
unmeasured confounding of unknown or pre-existing 
cardiovascular disease in a diverse patient population, 
and thus, survival benefit of adrenergic blockade seen 
in these larger retrospective and prospective studies 
may be due to these unmeasured factors. In addition to 
excluding patients with known cardiovascular disease, 
we intentionally excluded patients > 65  years old to 
avoid confounding by undiagnosed cardiac risk factors 
that are prevalent in older patients with TBI, which may 

be the confounding mechanism by which other studies 
have found a survival benefit of adrenergic blockade.

Limitations of our study include small sample size and 
single-center design. Despite being the largest double-
blinded placebo-controlled randomized trial to date of 
sympathetic blockade in patients with severe TBI, the 
power of the study was limited due to it being a small 
single-center pilot. Demographic and injury diversity was 
limited, with most patients being very young (< 30 years 
of age), male, white, and with enrollment criteria of 
severe TBI defined as GCS < 8. Marshall CT Class does 
not account for diffuse axonal injury (DAI), a characteris-
tic seen on advanced neuroimaging, however, not usually 
typical in the acute phase of injury, and with an unclear 
relationship to the intervention delivered [48]. We used a 
critical care outcome, ventilator-free days (VFD), which 
may not best reflect the benefits of adrenergic blockade 
in these patients. However, we did measure secondary 
outcomes such as agitation and features of sympathetic 
hyperactivity using a validated clinical scale, which are 
common clinically cited reasons for these drugs. Mortal-
ity has been the primary outcome reported in the exist-
ing retrospective or observational studies; however, given 
the nature of this study as a pilot single-center double-
blinded randomized placebo-controlled trial, it was not 
feasible to achieve the participant number needed to 
identify a statistically significant difference in mortal-
ity. Candidates for outcomes in future studies include 
mortality, severity of sympathetic hyperactivity, and 
ventilator-free days. Future trials may also utilize dex-
medetomidine, with its more favorable pharmacokinetic 
profile and more widespread contemporary use in the 
ICU, in lieu of clonidine as an α2-agonist.

Conclusions
It is feasible to conduct a rigorous double-blinded pla-
cebo-controlled trial of adrenergic blockade in young 
severe TBI patients without major adverse cardiovas-
cular effects despite a complex ICU environment and 
drug administration schedule, while achieving long-term 

Table 1 (continued)
ICU intensive care unit, SD standard deviation, CI confidence interval

Statistical testing: Pearson test used for categorial outcomes; Wilcoxon test used for continuous outcomes
a Injury Severity Score, ISS, ranges from 1 to 75, major trauma (or polytrauma) is defined as the ISS being greater than 15
b Marshall Head CT Class, CT scan derived metric, that places patients into one of six categories (I to VI) of increasing severity on the basis of findings on non-contrast 
CT scan of the brain; Marshall Class I, no injury, and Marshall Class V, evacuated mass lesion were exclusions for enrollment
c CFS, paroxysmal sympathetic hyperactivity and clinical features scale (range 0–18, with mild 1–6, moderate 7–12, and severe 13+)
d Total dose received during hospitalization
e Rancho, Rancho Los Amigos Levels of Cognitive Functioning Scale (range 1–10, higher is higher functioning)
f GOSE, Extended Glasgow Outcome Scale (range 1–8, higher is better functional outcome)
g QOLIBRI, Quality of life after Brain Injury scale (range 0–100, higher is better quality of life)
h Trail Making Test Part B

Fig. 2 Kaplan–Meier survival curves of propranolol and clonidine 
(treatment) versus double placebo after severe traumatic brain injury 
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functional and neurocognitive follow-up. The practical 
execution of this single-center trial should support multi-
center investigation powered for mortality and balanced 
for unmeasured confounders to determine whether the 
widespread practice of adrenergic blockade has any ben-
efit after severe TBI.
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