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Effect of High-Dose Baclofen on Agitation-Related Events Among Patients
With Unhealthy Alcohol Use Receiving Mechanical Ventilation
A Randomized Clinical Trial

Mickael Vourc'h, MD; Charlotte Garret, MD; Arnaud Gacouin, MD; Jean-Claude Lacherade, MD; Maud Jonas, MD;
Kada Klouche, MD; Martine Ferrandiere, MD; Samir Jaber, MD; Laurent Flet, PharmD; Eric Dailly, PharmD;
Caroline Pouplet, MD; Adel Maamar, MD; Jean Reignier, MD; Antoine Roquilly, MD; Fanny Feuillet, PhD;
Pierre-Joachim Mahe, MD; Karim Asehnoune, MD; for the BACLOREA study group

IMPORTANCE Unhealthy alcohol use can lead to agitation in the intensive care unit (ICU).

OBJECTIVE To assess whether high-dose baclofen reduces agitation-related events compared
with placebo in patients with unhealthy alcohol use receiving mechanical ventilation.

DESIGN, SETTINGS, AND PARTICIPANTS This phase 3, double-blind, placebo-controlled,
randomized clinical trial conducted in 18 ICUs in France recruited adults receiving mechanical
ventilation who met criteria for unhealthy alcohol use. Patients were enrolled from June 2016
to February 2018; the last follow-up was in May 2019.

INTERVENTIONS Baclofen (n = 159), adjusted from 50 to 150 mg per day based on estimated
glomerular filtration rate, or placebo (n = 155) during mechanical ventilation up to a maximum
of 15 days before gradual dose reduction over 3 to 6 days.

MAIN OUTCOMES AND MEASURES The primary end point was the percentage of patients with
at least 1 agitation-related event over the treatment period. Secondary outcomes included
duration of mechanical ventilation, length of ICU stay, and 28-day mortality.

RESULTS Among 314 patients who were randomized (mean age, 57 years; 60 [17.2%]
women), 313 (99.7%) completed the trial. There was a statistically significant decrease in the
percentage of patients who experienced at least 1 agitation-related event in the baclofen
group vs the placebo group (31[19.7%] vs 46 [29.7%]; difference, -9.93% [95% Cl, -19.45%
t0 -0.42%]; adjusted odds ratio, 0.59 [95% Cl, 0.35-0.99]). Of 18 prespecified secondary end
points, 14 were not significantly different. Compared with the placebo group, the baclofen
group had a significantly longer median length of mechanical ventilation (9 vs 8 days;
difference, 2.00 [95% Cl, 0.00-3.00]; hazard ratio [HR] for extubation, 0.76 [95% ClI,
0.60-0.97]) and stay in the ICU (14 vs 11 days; difference, 2.00 [95% Cl, 0.00-4.00]; HR for
discharge, 0.70 [95% Cl, 0.54-0.901]). At 28 days, there was no significant difference in
mortality in the baclofen vs placebo group (25.3% vs 21.6%; adjusted odds ratio, 1.24 [95%
Cl, 0.72-213]). Delayed awakening (no eye opening at 72 hours after cessation of sedatives
and analgesics) occurred in 14 patients (8.9%) in the baclofen group vs 3 (1.9%) in the
placebo group.

CONCLUSIONS AND RELEVANCE Among patients with unhealthy alcohol use receiving
mechanical ventilation, treatment with high-dose baclofen, compared with placebo, resulted
in a statistically significant reduction in agitation-related events. However, considering the
modest effect and the totality of findings for the secondary end points and adverse events,
further research is needed to determine the possible role of baclofen in this setting and to
potentially optimize dosing.
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Icohol, considered the most commonly used psycho-

active substance,? was estimated to be responsible

for 2.8 million deaths worldwide in 2016.3 In the
US, an estimated 14.1 million adults have an alcohol use
disorder.* Unhealthy alcohol use, as defined by the US
National Institutes of Health National Institute on Alcohol
Abuse and Alcoholism (NIAAA),>® covers a wide spectrum,
from risky use to alcohol abuse and dependence, with vary-
ing degrees of health risk. In the intensive care unit (ICU),
patients with unhealthy alcohol use have higher risk of death
and often experience agitation and/or delirium, which can
compromise medical care and lead to long-term psychologi-
cal sequelae.”®

Guidelines from 2018 for the management of agitation
and sedation in the ICU recommend against a pharma-
cological prevention strategy for agitation® unless there is a
specific risk factor.!® Although unhealthy alcohol use has
been identified as a risk factor for agitation,”!! there is no
specific recommendation for the management of sedation in
this high-risk population.

Baclofen, which acts as a y-aminobutyric acid type B
receptor agonist and may decrease or suppress alcohol crav-
ing in patients with alcohol use disorder,' has, to our knowl-
edge, never been assessed in a randomized clinical trial for
prevention of agitation-related events. This randomized
clinical trial tested the hypothesis that treatment of patients
with unhealthy alcohol use receiving mechanical ventilation
with high-dose baclofen could reduce agitation-related
events compared with placebo.

Methods

Study Design, Setting, and Ethical Considerations

The protocol, developed and published by the study
investigators,'® was approved by the ethics committee from
Angers, France (Comité de Protection des Personnes Ouest II
#2015/09), and was conducted in accordance with the
Declaration of Helsinki. The study protocol and statistical
analysis plan are available in Supplement 1. This was a multi-
center double-blind, placebo-controlled, randomized clini-
cal trial in 18 French medical and surgical ICUs at university
and district hospitals. Written informed consent was sought
for all patients prior to inclusion. However, if the patient
lacked capacity to give consent, the ICU physician sought
consent from a relative of the patient. If a relative was not
available, research staff could proceed with emergency inclu-
sion. As soon as patients regained capacity, a research techni-
cian or physician informed them about the trial and written
consent was sought. If consent was withdrawn, treatment
was stopped.

Participants

Adult patients aged 18 to 80 years requiring mechanical ven-
tilation for an expected duration of 24 hours or more who
met the NIAAA criteria for unhealthy alcohol use were eli-
gible for inclusion. Unhealthy alcohol use was defined as
consumption of more than 14 units per week for men and

Key Points

Question Among critically ill patients with unhealthy alcohol use
who are receiving mechanical ventilation, is high-dose baclofen
effective in preventing agitation-related events?

Findings In this randomized clinical trial that included 314
patients, the percentage of patients with an agitation-related
event was 19.7% in the baclofen group and 29.7% in the placebo
group, a difference that was statistically significant.

Meaning Although high-dose baclofen significantly reduced
agitation-related events, further research is needed to determine
the possible role of baclofen for patients receiving mechanical
ventilation with unhealthy alcohol use, considering the modest
effect and the totality of findings for the secondary end points and
adverse events.

7 units per week for women or men older than 65 years. One
unit of alcohol corresponded to 1 drink containing approxi-
mately 12 to 14 g of pure alcohol, which is equivalent to 12
ounces of beer, 5 ounces wine, or 1.5 ounces of 80-proof
liquor.'* Alcohol intake quantity was disclosed by the patient
before intubation or, if this was not possible, by a relative or
the medical record. Patients were excluded from enrollment
if they received baclofen prior to ICU admission; had known
hypersensitivity to baclofen; were pregnant; had a history of
treatment-resistant epilepsy or epileptic seizure in past 6
months; had porphyria, celiac, or Parkinson disease; were
admitted for burn treatment; had brain injury due to recent
stroke or hemorrhage; had recent or former quadriplegia or
paraplegia; had cardiac arrest before or after hospital admis-
sion; had a tracheotomy on ICU admission; had a hospital
stay of at least 7 days prior to randomization; had mental
impairment (ie, dementia, schizophrenia, bipolar disorder,
severe depression); or had health care limitation due to poor
prognosis. Patients were also excluded if enteral treatment
was not accessible for more than 48 hours or if they did not
have Social Security. To facilitate enrollment, eligibility crite-
ria were modified after the first 5 patients were randomized.
The upper age limit was increased from 70 to 80 years and
the expected duration of mechanical ventilation was
decreased from 48 to 24 hours.

Randomization and Blinding

Patients were randomized in a 1:1 ratio to receive treatment
with baclofen or placebo by a remote system controlled
by an independent research unit at the University Hospital
of Nantes. Randomization was performed using a computer-
generated random number with a block size of 4, stratified
by center.

To try to ensure blinding, Nantes University Hospital
pharmacy centrally prepared and labeled blister packs of
drug capsules (50, 20, and 10 mg of baclofen compounded
with lactose [POLPharma; Cooper]) and 3 matching placebos
(lactose [Cooper]), which could not be distinguished.
Patients, treating physicians, investigators, the trial statisti-
cian, and members of the data and safety monitoring board
were blinded to trial group assignment.



Intervention
The trial design and algorithm for dose adjustment have been
previously described in a preliminary pharmacokinetic study
of high-dose baclofen for unhealthy alcohol users in the ICU;
the algorithm is shown in eFigure 1 in Supplement 2.'>!¢ On
day 1, patients received a single loading dose of baclofen or
placebo, ranging from 50 to 150 mg, based on their estimated
glomerular filtration rate (eGFR).” From day 2 to 15, patients
received 50 to 150 mg per day (based on eGFR), divided into
3 doses per day. If extubation or tracheotomy occurred before
day 15, drug administration was stopped. If treatment was
continued to day 15, the study drug was gradually reduced
over 3 to 6 days based on the patient’s eGFR. In all cases, the
treatment was discontinued on discharge from the ICU.
During the study period, a nursing-led sedation protocol was
used in both groups to target and maintain a light level of se-
dation (ie, Richmond Agitation Sedation Scale score of -2 to +1),
unless deep sedation was indicated for an acute medical
condition.® Agitation was determined by the Riker Sedation-
Agitation Scale.® The Clinical Institute Withdrawal Assess-
ment of Alcohol Scale, Revised (CIWA-Ar) was used to detect
withdrawal symptoms after extubation.'® When patients were
capable of providing information, either prior to or after me-
chanical ventilation was stopped, they were asked to com-
plete an NIAAA questionnaire about their alcohol use (eFig-
ure 2 in Supplement 2).

Outcomes
The primary outcome was the occurrence of at least 1 agitation-
related event over the treatment period, defined as un-
planned extubation; pulling out lines, catheters, or drains; fall-
ing out of bed; fleeing the ICU (ie, leaving against the physician’s
advice or without being seen); immobilization device re-
moval; self-aggression; or aggression toward medical staff.
The secondary outcomes included the occurrence of at
least 1 agitation-related event from day 1 to day 28, the num-
ber of adverse events from day 1 to 28, agitation requiring rapid
administration of hypnotic or neuroleptic drug, extubation fail-
ure (defined as reintubation within 48 hours after extuba-
tion), need for tracheotomy, reintubation by day 28, ICU-
acquired infection, cumulative doses of psychotropic drugs in
the ICU, Riker Sedation-Agitation Scale score from day 1to 28,
CIWA-Ar score from day 1 to day 7 after extubation or trache-
otomy, duration of ICU stay, duration of hospital stay, ICU mor-
tality, hospital mortality, mortality from day 28 to 90, agita-
tion and mortality in the ICU by day 28, duration of mechanical
ventilation, and number of days alive without mechanical ven-
tilation during the first 28 days.

Adverse Events and Adherence

According to prespecified rules,'® treatment could be tempo-
rarily discontinued if the eGFR fell below 15 mL/min/1.73 m?
without renal replacement therapy, aminotransferase enzyme
level was more than 20 times greater than the reference range,
or heart rate was less than 50/min. Permanent discontinuation
of treatment was mandated if patients developed allergic symp-
toms or unilateral or bilateral mydriasis or had a seizure, stroke,
heart rate less than 35/min, or delayed awakening (defined as

no eye opening 72 hours after cessation of other sedatives and
analgesics). The data and safety monitoring board reviewed ad-
verse events up to 10 days after the end of treatment.

To determine the plasma concentration of baclofen, blood
samples were drawn at 3 participating centers in a subset of
patients 3 and 10 days after randomization (eFigure 1in Supple-
ment 2) and were analyzed by the pharmacology laboratory
at Nantes University Hospital. Study protocol adherence, which
was assessed daily until drug discontinuation, ranged from 0%
to 100% and was defined by the ratio of the dose adminis-
tered and the protocol-specified dose. In cases of temporary
interruption (ie, enteral route unavailable or dispensing er-
ror), adherence was recorded as 0% for that day.

Sample Size

Sample size calculation was based on a previous cohort analysis'®
that reported the incidence of agitation-related eventsin the ICU
as 31% in low-risk alcohol users and 42% in unhealthy alcohol us-
ers. To detect a15% reduction in agitation-related events in the
baclofen group with an a risk of 5%, using a 2-sided test and
80% power, 314 patients needed to be included. A planned in-
terim analysis after the first 157 patients were randomized indi-
cated that an increase in the sample size was not required. The
Friede and Kieser method enabled both the initial hypothesis and
the risk of type I error to be maintained.2%:?!

Statistical Analysis

In the primary analysis, all patients were analyzed according
to their randomization group using a center-adjusted logistic
regression model, with center as the random effect. Missing
data for the primary outcome were handled by multiple im-
putation methods (10 imputations; relative efficiency >99%).
The relationships between several variables selected a priori
(age, sex, body mass index, cirrhosis, guardianship, blood test
results positive for alcohol on admission, other drug use, and
Simplified Acute Physiology Score [SAPS] II) and the primary
outcome as well as the treatment group were tested using x*
or t tests. The final multiple imputation model was based on
demographic data (sex, cirrhosis) and the SAPS II. Two sensi-
tivity analyses were performed. The first considered death as
a competing event for agitation in a time-to-event analysis
using a subdistribution hazard regression model as a post hoc
analysis (Fine-Gray analysis). Proportionality of the hazard as-
sumption was tested using Schoenfeld residuals. In the sec-
ond sensitivity analysis, all patients who died during the treat-
ment period were considered to have had agitation. The per-
protocol analysis excluded patients who withdrew consent, did
not meet inclusion criteria, or received less than 100% of the
protocol-specified dose.

Analyses of the secondary outcomes included all ran-
domized patients and were center-adjusted. There was no
imputation for missing data and 95% CIs were not adjusted
for multiplicity. Because of the potential for type I error due
to multiple comparisons, findings for secondary end points
should be interpreted as exploratory. Normally distributed
variables were expressed as mean and SD and nonnormal
variables were presented as median and interquartile range.
Categorical data, including mortality, were analyzed with



Figure 1. Flow of Participants in a Study of the Effect of High-Dose Baclofen on Agitation-Related Events
Among Patients With Unhealthy Alcohol Use Receiving Mechanical Ventilation

25294 Patients admitted in the ICU
over the study period

\ 4

15245 Patients with expected duration of
mechanical ventilation 224 h and
aged 18-80 y?

> 13099 Patients with alcohol intake below NIAAA threshold®

Y

2146 Men who consume >14 alcoholic drinks per
wk or women or men older than 65 { who
consume >7 alcoholic drinks per wk

1832 Excluded
259 Recent stroke or subarachnoid haemorrhage or head trauma
259 Cardiac arrest before or after ICU admission
238 Research team member not available for enrollment
208 Hospitalization for at least 7 d before randomization
154 Patient or next of kin decided not to participate
138 Health care limitation owing to a poor prognosis
122 Refractory epilepsy
86 Contraindication to enteral drug administration

85 Dementia, schizophrenia, bipolar disorder, or severe depression

74 Baclofen administration before ICU admission
53 Included in another clinical trial

2 Eligibility criteria were modified
after the inclusion of the first 5
patients: the upper age limit was
increased from 70 to 80 years and
the expected duration of
mechanical ventilation was
decreased from 48 to 24 hours.

5The National Institute on Alcohol
Abuse and Alcoholism (NIAAA)

51 Tracheotomy on ICU admission
38 Porphyria, celiac, or Parkinson disease
27 Paraplegia or tetraplegia
22 No health insurance®
16 Burn injury on admission
2 Personal treatment including gamma hydroxybutyric acid

314 Randomized

159 Randomized to the baclofen group

155 Randomized to the placebo group

threshold is defined as consumption
of more than 14 units per week for
men and 7 units per week for
women or men older than 65 years.
One alcoholic drink (unit) is defined
as 1drink that contains
approximately 12 to 14 g of pure
alcohol (12 ounces of beer, 5 ounces
of wine, or 1.5 ounces of 80-proof
liquor).

¢ According to French law.

! |

1 Withdrew consent
1 Did not receive the treatment admissions in the ICU

! !

159 Included in the primary analysis

1 Included twice for 2 different

155 Included in the primary analysis

9 The per-protocol analysis excluded
patients who received less than
100% of the protocol-specified
dose (ie, incomplete treatment): 1
patient who withdrew consent, 2
with overestimation of alcohol

! !

49 Included in the per-protocol analysisd

64 Included in the per-protocol analysisd

intake (ie, did not meet inclusion
criteria), and Tincluded twice for 2
different admissions in the intensive
care unit (ICU).

logistic regression models. Longitudinal continuous data
were analyzed with linear mixed-effects models for repeated
measures, and assumptions of normality and homoscedastic-
ity were tested. Time-to-event analyses were used consider-
ing death as a competing event (Fine-Gray regression model)
for length of mechanical ventilation and length of stay in the
ICU and the hospital. A center-adjusted Poisson regression
model was applied to compare the number of agitation-
related events between the groups. Data were analyzed with
SAS software, version 9.4 (SAS Institute). All tests were
2-tailed, with significance defined as P <.05.

|
Results

Study Population
A total of 25 294 patients in the ICU were assessed for eligibil-
ity and, after exclusions, 314 were enrolled at 18 ICUs in France

between June 2016 and February 2019. In the primary analy-
sis, 159 patients were in the baclofen group and 155 were in the
placebo group. After randomization, 1 patient withdrew con-
sent, 1did not receive the treatment because enteral route was
unavailable, and 1 was enrolled twice for 2 different ICU ad-
missions (Figure 1). Patient baseline characteristics at random-
ization were similar in the 2 treatment groups and are re-
ported in Table 1. Of the 314 patients, 253 (80.6%) were men
and 247 (78.6%) were admitted for an underlying medical con-
dition. The mean (SD) SAPS Il was 47.7 (16.9) and the median
(interquartile range) alcohol intake was 6.0 (4.0-10.0) units per
day among all patients.

Primary End Point

At the completion of the study, 77 patients had the primary out-
come of at least 1 agitation-related event over the treatment
period. In the primary analysis, the percentage of patients with
atleast 1 agitation-related event was significantly lower in the



Table 1. Characteristics of Participants in the Primary Analysis in a Study of the Effect of High-Dose Baclofen on Agitation-Related Events
Among Patients With Unhealthy Alcohol Use Receiving Mechanical Ventilation®

No. (%)
Characteristic Baclofen (n = 159)° Placebo (n = 155)
Age, mean (SD), y 57.4(11.9) 56.6 (11.1)
Men 122/158(77.2) 131 (84.5)
Women 36/158 (22.8) 24 (15.5)
Body mass index, mean (SD) 27.7 (7.6) 26.7 (5.9)
Body mass index >30 50(31.9) 42 (27.1)
SAPS II, mean (SD)“ 49.0(18.3) 46.4 (15.4)
SOFA score, mean (SD)¢ 8.3(3.9) 7.7 (3.9)
Medical history n=158
Diabetes 23 (14.6) 24 (15.5)
Cirrhosis 26 (16.5) 18 (11.6)
Child-Pugh B or C score® 13/26 (50.0) 8/18 (44.4)
Prior upper gastrointestinal bleeding 14/26 (53.8) 9/18 (50.0)
Alcohol and substance use history
Active tobacco user 99/158 (62.7) 92 (59.4)
Pack-years, mean (SD)f 35.3(24.9) 35.3(17.2)
Units of alcohol intake per day, median (IQR)? 5.0 (4.0-10.0) 6.0 (4.0-10.0)
Prior alcohol withdrawal attempts" 29/158(18.4) 28 (18.1)
Positive alcohol blood test on admission 21/156 (13.5) 25 (16.1)
Alcohol abuse' 40/68 (58.8) 51/80 (63.7)
Alcohol dependence' 33/39 (84.6) 31/49 (63.3)
Cannabis use” 11/158(7.0) 7 (4.5)
Opioid dependence” 9/158 (5.7) 7 (4.5)

Duration between hospital admission and ICU admission, median (IQR), d
Reason for hospital admission

0.24(0.01-1.01)

0.26 (0.06-1.15)

Medical 124/158 (78.5) 123 (79.4)

Surgical 34/158 (21.5) 32 (20.6)

Domestic or public road accident related to alcohol intake 19/34 (55.9) 19/32 (59.4)
Mechanical ventilation on ICU admission 69/158 (43.7) 66 (42.6)
Mechanical ventilation within 24 h of ICU admission 142/158 (89.9) 133 (85.8)

Duration between ICU admission and intubation, median (IQR), d

Diagnosis in ICU!

0.01 (0.0-0.17)
n=158

0.01 (0.0-0.45)

Acute respiratory distress syndrome 36 (22.8) 40 (25.8)
Septic shock 34 (21.5) 26 (16.8)
Acute respiratory failure 18(11.4) 19(12.3)
Altered mental status® 15(9.5) 13(8.4)
Multiple trauma 13(8.2) 16 (10.3)
Overdose or toxic ingestion' 10(6.3) 4(2.6)
Pancreatitis 8(5.1) 7 (4.5)
Postoperative care 7 (4.4) 7 (4.5)
Delirium tremens 4(2.5) 9(5.8)
Other™ 13(8.2) 14 (9.0)
Abbreviations: IQR, interquartile range. f Pack-years was calculated as packs smoked per day x years as a smoker.
@ Details of missing data are shown in eTable 2 in Supplement 2. &Based on medical record or patient or next of kin declaration and was assessed
®One patient (of 159) in the baclofen group withdrew consent. according to the "s.tandard" drink definitiqn from .the Natiorlnal Institute on Alcohol
¢ The Simplified Acute Physiology Score (SAPS) Il ranges from O to 163, with hAbuseandAIco-hollsm(NlAAA, nafmely1un|tcontallnsappromlmately14gofa|cohol).
higher scores indicating a greater severity of illness.?? It was calculated using Based on medical record or patient or next of kin declaration.
age, type of admission (emergency surgery, elective surgery, medical patient), i OnICU discharge, patients with a clear mental status (73 in the baclofen group and
chronic diseases (acquired immunodeficiency syndrome, metastatic cancer, 85 in the placebo group) were subjected to the questionnaire of the Diagnostic and
hematological malignancy), and the worst value for 12 physiological variables Statistical Manual of Mental Disorder, 4th Edition, adapted by the NIAAA, to detect
within the 24 hours after admission. SAPS Il of 30 indicates 10% probability of alcohol use disorder (ie, alcohol abuse or dependence; eFigure 2 in Supplement 2).

death; 45, 34%; 50, 56%; and 80, 92%. J Because 1 patient could have several diagnoses, only the main diagnosis that led

9 The Sequential Organ Failure Assessment (SOFA) score was used to assess the to the admission in the ICU was noted, regardless of the indication for intubation.
degree of dysfunction of 6 organ systems: respiratory, cardiovascular, coagulation,  « Ajtered mental status was defined as Glasgow Coma Scale (GCS) score less
renal, neurologic, and hepatic. Each subscore ranges from O (healthy) to 4 (maximum than 15. The GCS score is the sum of scores for eye, verbal, and motor
severity of organ dysfunction). The overall score ranges from O to 24.2> Aninitial SOFA responses. The minimum score is 3, which indicates deep coma, and the
score up to 9 indicates a mortality of less than 33%. maximum is 15, which indicates fully awake.

€ Child-Pugh score is used to determine the prognosis of chronic liver disease ' Alcohol or other drug overdose and self-poisoning with cardiotropic or
and is calculated using 5 parameters: total bilirubin, serum albumin, psychotropic agents.
prothrombin time, ascites, and hepatic encephalopathy. A score of 5 to 6
indicates Child-Pugh A (1-year survival, 100%); 7 to 9, Child-Pugh B (1-year
survival, 80%); and 10 to 15, Child-Pugh C (I-year survival, 40%).2*

MOther diagnoses in the intensive care unit (ICU) are listed in eTable 3in
Supplement 2.




Figure 2. Primary and Per-Protocol Analyses in a Study of the Effect of High-Dose Baclofen on Agitation-Related Events Among Patients

With Unhealthy Alcohol Use Receiving Mechanical Ventilation
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Trend lines were truncated when observations fell below 20%. Between-group
differences were tested using Fine-Gray regression considering death as
competing event for agitation. When baclofen was compared with placebo, the
hazard ratio (HR) for agitation was 0.62 ([95% Cl, 0.40-0.96]; P = .03) in the

primary analysis and 0.36 ([95% Cl, 0.17-0.79]; P = .01) in the per-protocol
analysis. A hazard ratio less than 1indicates that the probability of agitation was
lower in the baclofen group at all times.

baclofen group than in the placebo group (31 patients [19.7%]
vs 46 [29.7%]; difference, —9.93% [95% CI, -19.45% to -0.42%];
adjusted odds ratio [OR] after multiple imputation, 0.58 [95%
CI, 0.34-0.98]). In a post hoc sensitivity analysis that consid-
ered mortality as a competing event for agitation, the decrease
in agitation-related events remained significant for baclofen
compared with placebo (adjusted subdistribution hazard ratio
[HR], 0.62[95% CI, 0.40-0.96]) (Figure 2A; eTable 4 in Supple-
ment 2). Ina second sensitivity analysis in which all patients who
died during the treatment period were considered as having at
least 1 agitation-related event, there was no significant differ-
ence between the groups for the primary outcome (absolute dif-
ference, -3.16% [95% CI, -14.21% to 7.90%]; adjusted OR, 0.88
[95% CI, 0.56-1.38]) (eTable 4 in Supplement 2).

The per-protocol analysis excluded patients with less
than 100% adherence, 1 patient with full withdrawal of con-
sent, 2 with overestimation of alcohol intake (ie, they did not
meet inclusion criteria), and 1 who was included twice for 2
different admissions in the ICU (eTable 4 in Supplement 2). In
this analysis, the percentage of patients who had at least 1
agitation-related event over the treatment period was signifi-
cantly lower in the baclofen group than in the placebo group
(8 of 49 patients [16.3%] vs 22 of 64 [34.4%]; difference,
-18.05% [95% CI, -33.62% to -2.48%]; adjusted OR, 0.37
[95% CI, 0.15-0.94]). This difference persisted in the per-
protocol analysis when mortality was considered as a com-
peting event for agitation (adjusted subdistribution HR, 0.36
[95% CI, 0.17-0.79]).

Secondary End Points

By day 28 after randomization, the percentage of patients with
atleast1agitation-related event did not differ significantly be-
tween treatment groups, occurring in 44 patients (27.8%) in
the baclofen group and 54 (34.8%) in the placebo group (dif-

ference, -6.99% [95% CI, -17.24% to 3.30%]; adjusted OR, 0.72
[95% CI, 0.45-1.17]) (Table 2) However, the total number of agi-
tation-related events by day 28 was significantly lower in pa-
tients randomized to the baclofen group vs the placebo group
(70 vs 111 events; adjusted rate ratio, 0.63 [95% CI, 0.46-
0.85]) (Table 2; eTable 4 in Supplement 2).

Inboth treatment groups, propofol, midazolam, and sufen-
tanil were the most commonly used sedative and analgesic
drugs (eTable 6 in Supplement 2). There was no significant dif-
ference between the groups in the daily doses of sedative and
analgesic medications used or in the number of rapid injec-
tions of hypnotic or neuroleptic medications by day 28
(Table 2). However, patients spent significantly more time with
aRiker Sedation-Agitation Scale score between 1and 3 (ie, deep
sedation) by day 28 in the baclofen group than in the placebo
group (mean of 7.0 vs 4.6 days; difference, 2.44 [95% CI, 1.08-
3.80]) (eTable 4 in Supplement 2).

There was no significant difference between the groups in
the prespecified secondary outcomes of reintubation, trache-
otomy, and ICU-acquired infections. However, patients in the
baclofen group had significantly fewer ventilator-free days than
those in the placebo group (median of 14.0 vs 19.0 days; dif-
ference, -2.00 [95% CI, -4.00 to 0.00]) (Table 2). Compared
with placebo, patients treated with baclofen had a signifi-
cantly longer median duration of mechanical ventilation (9.0
vs 8.0 days; difference, 2.00 [95% CI, 0.00 to 3.00]; adjusted
HR for extubation, 0.76 [95% CI, 0.60-0.97]) and stay in the
ICU (14.0 vs 11.0 days; difference, 2.00 [95% CI, 0.00-4.00];
adjusted HR for ICU discharge, 0.70 [95% CI, 0.54-0.90]).

Over 7 days after extubation, CIWA-Ar scores did not dif-
fer significantly between the groups (eTable 4 in Supple-
ment 2). By day 28, a total of 39 patients (25.3%) in the baclofen
group and 32 (21.6%) in the placebo group died (difference,
3.70% [95% CI, -5.84% t0 13.25%]; adjusted OR, 1.24 [95% CI,



Table 2. Outcomes in a Study of the Effect of Baclofen on Agitation Events Among Patients With Alcohol Use Receiving Mechanical Ventilation

Outcome

Baclofen (n = 159)

Placebo (n = 155)

Absolute difference (95% Cl), % Odds ratio (95% CI)? P value

Primary outcome

Patients with >1 agitation- 31/157(19.7) 46 (29.7) -9.93 (-19.45 t0-0.42) 0.58 (0.34 t0 0.98)° .04

related event over the

treatment period, No. (%)°

Secondary outcomes by day 28¢

Patients with 21 agitation- 44/158 (27.8) 54 (34.8) -6.99 (-17.24 to0 3.30) 0.72(0.45t0 1.17)° .19

related event, No. (%)

Total agitation-related 70 111 Rate ratio, 0.63 .003

events (0.46 t0 0.85)°

No. of rapid hypnotic 3.2(5.5) 2.9(5.1) 0.22 (-1.27 t0 0.84)f .69

or neuroleptic injections

for agitation, mean (SD)

Sedative dose in the ICU,

median (IQR), mg/d
Propofol 1172.50(510.0t0 2292.9) 1544.44(918.3 t0 2510.0) -304.00 (-640.00 to 33.33)9 .08
Ketamine 165.00 (106.6 to 200.0) 150.00 (107.1 to 200.0) 2.67 (-62.5t0 70.71)9 94
Midazolam 82.52 (36.7 to 156.8) 81.08 (36.5t0 168.3) 2.23(-17.00 to 20.50)"9 .82
Levomepromazine 31.98 (19.8t0 53.4) 45.15(39.7 t0 51.8) -10.98 (-38.00 to 18.88)9 .52
Haloperidol 2.00(1.5t07.0) 2.75(1.1t05.5) 0.32 (-2.00 to 3.00)"9 73
Clonidine 0.69(0.3t0 1.5) 0.60(0.3t00.8) 0.12 (-0.42 to 1.14)9 47
Dexmedetomidine 0.51(0.2t00.7) 0.60(0.3t01.6) -0.12 (-1.09 to 0.43)'9 53
Sevoflurane inhalation 14.13(11.5t0 16.8) 17.67 (17.0t0 21.0) -4.58 (-9.92 t0 0.75)"9 22
time, h

Daily dose of analgesics in

the ICU, median (IQR), mg/d
Sufentanil 0.20(0.1t0 0.4) 0.23(0.1t0 0.4) -0.01 (-0.07 to 0.04)9 .63
Fentanyl 1.54(0.7t0 2.7) 2.55(1.3t03.2) -0.89 (-1.66 to -0.01)9 .06
Morphine 16.67 (9.0 to 54.3) 19.25(9.0t0 36.7) 1.50 (-4.17 t0 9.08)"9 .63
Remifentanil 4.80(3.0t05.9) 3.93(2.7t018.0) -0.93 (-13.20 t0 3.99)9 92

Reintubation within 48 h
of extubation, No. (%)

Tracheotomy, No. (%)
ICU-acquired infection, No. (%)"
Ventilator-free days,
median (IQR)'

Length of mechanical
ventilation, median (IQR), d
Length of ICU stay,

median (IQR), d

Length of hospital stay,
median (IQR), d
Agitation-related event

or mortality, No. (%)

Death, No. (%)™

11/155(7.1)

7/158 (4.4)
36/156 (23.1)
14.0 (0.0 to 20.0)

9.0 (5.5 t0 16.0)
14.0(8.0t023.0)
22.0(13.0t0 41.0)
66/154 (42.9)

39/154 (25.3)

14/152 (9.0)

6(3.9)
32(20.6)
19.0(0.0t0 24.0)

8.0 (4.0t013.0)
11.0 (7.0t0 18.0)
20.0 (14.0t0 38.0)
71/155 (45.8)

32/148(20.6)

-2.11(-8.24 t0 4.00) 0.76 (0.33 t0 1.75)° 52
0.55 (-3.86 t0 4.98) 1.16 (0.38 t0 3.55)° 80
2.43(-6.75 t0 11.61) 1.14(0.66 to 1.96)° 63
-2.00 (-4.00 to 0.00)! .01¢

2.00(0.00 to 3.00) HR, 0.76 (0.60t0 0.97)' .02

2.00(0.00 to 4.00) HR,0.70(0.54t00.90)' .01

0.00 (-4.00 to 3.00)! HR, 0.81 (0.62t01.07)" .14
-5.12(-16.34t06.10) 0.82(0.52 to 1.30)° 39
3.70 (-5.84 t0 13.25) 1.24(0.72t02.13)° 44

Abbreviations: ICU, intensive care unit; IQR, interquartile range.

2 Unless otherwise noted. For all odds ratios and hazard ratios (HRs), the
placebo group is used as the reference group.

b Analysis included all randomized patients. Missing data (1 patient withdrew
consent and 1did not receive the treatment because the enteral route was
unavailable) were handled by multiple imputation methods (eTable 2 in
Supplement 2). Agitation-related events included pulling out lines, catheters,
or drains; falling out of bed; leaving against the physician’s advice or without
being seen; immobilization device removal; self-aggression; and aggression

toward medical staff (eTable 5 in Supplement 2). An odds ratio less than 1

indicates that the risk of agitation was lower in the baclofen group than the
placebo group. One patient was admitted to the ICU twice and included in the
primary outcome analysis as 2 of the 155 placebo treatment periods.

¢ Center-adjusted after logistic regression model (center as random effect).

9 For secondary outcomes, 95% Cls were not adjusted for multiplicity and
therefore should not be used to infer definitive treatment effects. Other

secondary outcomes are shown in eTable 4 in Supplement 2.

€ Center-adjusted after Poisson regression (center as random effect).

f Center-adjusted mean difference after mixed linear regression analysis (center

as random effect).

& Groups were compared with a Wilcoxon test. This includes continuous and

discontinuous infusion of sedatives or analgesics until day 28. The daily dose
corresponds to the ratio of the total dose of each medication and the length of
stay in the ICU in days. The repartition of sedatives and analgesics by day 28 is
available in eTable 6 in Supplement 2.

" Includes pneumonia, catheter infection, urinary infection, or bacteremia
(eTable 4 in Supplement 2).

I Calculated as the number of days between day 1and 28 the patient was alive

and not intubated. For patients who died between day 1and 28, the
ventilator-free days was null.

i Differences in medians were estimated with the Hodges-Lehmann method.

“For ventilator-free days, groups were compared using a Wilcoxon test.

! Center-adjusted HR after subdistribution hazard regression analysis (Fine-Gray
regression) considering death as a competing event of extubation (for length
of mechanical ventilation) or discharge from the ICU (for length of ICU stay) or
from the hospital (for length of hospital stay). The proportionality of the
hazard assumption was checked using the scaled Schoenfeld residuals. An HR
less than 1 meant that at all times the probability of extubation, discharge from
the ICU, or discharge from the hospital was lower in the baclofen group. Data
are censored on day 60 for ICU stay and on day 90 for hospital stay. P values
for these parameters correspond to the analysis of the HR.

MSee eTable 4 in Supplement 2 for death at other time points.




0.72-2.13]) (Table 2). Median residual plasma concentration of
baclofen was 425 ng/mL on day 3 (n = 33), with a maximum
level of 966 ng/mL, and was 201 ng/mL on day 10 (n = 15), with
a maximum level of 933 ng/mL (eTable 4 in Supplement 2).

Adherence and Adverse Events

Study participants received 92% of the total protocolized dose
(Table 3). The percentage of patients with 100% adherence to
the treatment protocol was 33.6% in the baclofen group and
44.3%in the placebo group. Adverse events requiring drug dis-
continuation occurred in 23 patients (14.6%) in the baclofen
group and 7 (4.5%) in the placebo group. Delayed awakening that
required discontinuation of the study drug occurred in 14 pa-
tients (8.9%) in the baclofen group and 3 (1.9%) in the placebo
group. A complete list of adverse events is shown in eTable 7
and causes of death are shown in eTable 8 in Supplement 2.

|
Discussion

In this multicenter, double-blind, randomized clinical trial that
enrolled patients with a history of unhealthy alcohol use who
were receiving mechanical ventilation, the percentage of pa-
tients with the primary outcome of at least 1 agitation-related
event was significantly lower in the baclofen group com-
pared with the placebo group. However, the adverse event of
delayed awakening, defined as no eye opening at 72 hours af-
ter cessation of sedatives and analgesics, was experienced more
frequently in the baclofen group.

The difference 0f 9.93% for the primary end point of at least
1lagitation-related event was less than the 15% difference that
the study was powered to detect. However, the total number
of agitation-related events, a prespecified secondary out-
come, was higher in the placebo group than in the baclofen
group. This finding has clinical relevance because each epi-
sode of agitation may cause injury to the patient or medical
staff and can hinder medical care.? In addition to short-term
complications,?® agitation may result in long-term conse-
quences for patients.?” In this study, consistent with a previ-
ousreport,?® the mortality rate of critically ill patients with un-
healthy alcohol use was high. However, a post hoc sensitivity
analysis that considered death as a competing risk of agita-
tion supported the findings of the primary outcome.

Sedative infusion titrated based on the Richmond Agitation-
Sedation Scale score, which is the current standard of care treat-
ment algorithm to minimize duration of mechanical ventila-
tion and length of stay in the ICU,2°:*° was used to guide sedation
dosing by all the participating centers except 1 (eTable 1 in
Supplement 2). However, despite this standardized algorithm,
patients who received placebo experienced 111 agitation-
related events, suggesting that additional agitation prevention
strategies may be beneficial for patients with unhealthy alco-
hol use requiring mechanical ventilation. The wide variety of
sedatives and analgesics, often used in combination, may ex-
plain the lack of difference in the daily doses between the groups.

At the time of study initiation, the French drug agency sup-
ported the use of up to 300 mg of baclofen per day,> whereas,
as of 2017, baclofen dosing is now recommended not to ex-

Table 3. Adherence to Medication Protocol and Adverse Events

in a Study of the Effect of High-Dose Baclofen on Agitation-Related
Events Among Patients With Unhealthy Alcohol Use Receiving
Mechanical Ventilation

Baclofen Placebo
Outcome (n=159) (n =155)
Total protocolized doses given, 91 (13) 92 (14)

mean (SD), %

Patients with 100% adherence
to treatment protocol, No. (%)?

49/146 (33.6) 66/149 (44.3)

Treatment duration, median (IQR), d 7.0(5.0-13.0) 8.0(5.0-11.0)

Events requiring temporary stoppage n=158

of treatment drug, No. (%)
eGFR<15 mL/min/1.73m? 15 (9.5) 9(5.8)
without indication for RRT®
Enteral route unavailable 7 (4.4) 9 (5.8)
Dispensing error 3(1.9) 4(2.6)
Heart rate <50/min 1(0.6) 0
Patient opposition© 0(0.0) 2(1.3)

Adverse events requiring n=158

drug discontinuation, No. (%)¢
Total 23(14.6) 7 (4.5)°
Delayed awakening® 14 (8.9) 3(1.9)
Stroke 4(2.5) 1(0.6)
Seizure 2(1.3) 4(2.6)
Heart rate <35/min 2(1.3) 0
Reactive unilateral 1(0.6) 0

or bilateral mydriasis

Abbreviations: eGFR, estimated glomerular filtration rate; IQR, interquartile

range; RRT, renal replacement therapy.

2 Adherence to the protocol was noted from 0% to 100% from day 1until the
definitive discontinuation of the treatment. It was defined each day by the
ratio of the actual dose administered to the protocol-specified dose.
Adherence is unknown for patients with missing data.

b The equation in the Modification of Diet in Renal Disease study'” was used to
determine the eGFR.

¢ Patient refusing to take the study drug on 1or more occasions.

9 Prespecified adverse events requiring premature definitive discontinuation of
the study drug. Full description of adverse events is available in eTable 7 in
Supplement 2.

© One patient presented 2 reasons for premature discontinuation.
f Defined as eyes not open 72 hours after sedation interruption.

ceed 80 mg per day.>2 However, among the patients in the cur-
rent study randomized to receive daily administration of 150
mg of baclofen (or equivalent based on eGFR) and who had
study drug plasma levels checked all had baclofen levels be-
low the toxic concentration of 1100 ng/mL.>*

The deeper sedation experienced by patients random-
ized to receive baclofen compared with placebo may explain
both the statistically significant decrease in the primary out-
come of at least 1 agitation-related event and the significant
increase in the prespecified secondary end points of duration
of mechanical ventilation and of ICU stay.

Limitations

This study has several limitations. First, data were missing for
the primary outcome in 2 patients, which was handled by mul-
tiple imputation. Second, because baclofen is a y-aminobu-
tyric acid agonist there is the possibility that it may increase
delirium in critically ill patients, although a causal associa-
tion has not been established. Third, use of the enteral route



for baclofen administration resulted in the exclusion of 86 po-
tentially eligible patients from this study because of uncer-
tainty regarding the safety of administering baclofen intrave-
nously. Fourth, this study included only patients who required
mechanical ventilation. Whether baclofen can safely reduce
agitation events in patients not receiving mechanical ventila-
tion remains to be determined. Fifth, despite this study’s broad
inclusion criteria, the patients enrolled were predominantly
middle-aged men. Whether the results are applicable to women
or to older or younger patients is uncertain. Sixth, patients were
included on the basis of their reported alcohol intake, which
may be inaccurate. Seventh, the management of alcohol-
related agitation was not protocolized because there are no cur-
rent recommendations in the ICU medical literature.>* Eighth,
because delirium can present with 3 motor subtypes (hyper-
active, hypoactive, and mixed), it would have been informa-

tive to assess delirium scales, such as the Confusion Assess-
ment Method for the ICU or the Intensive Care Delirium
Screening Checklist,3>-3¢ to determine whether agitation cor-
responded to the hyperactive component of delirium.

|
Conclusions

Among patients with unhealthy alcohol use receiving me-
chanical ventilation, treatment with high-dose baclofen, com-
pared with placebo, resulted in a statistically significant re-
duction in agitation-related events. However, considering the
modest effect and the totality of findings for the secondary end
points and adverse events, further research is needed to de-
termine the possible role of baclofen in this setting and to po-
tentially optimize dosing.
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