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Abstract

Baclofen is an effective therapeutic for the treatment of spasticity related to multiple sclerosis, spinal cord injuries, and
other spinal cord pathologies. It has been increasingly used off-label for the management of several disorders, including
musculoskeletal pain, gastroesophageal reflux disease, and alcohol use disorder. Baclofen therapy is associated with potential
complications, including life-threatening toxicity and withdrawal syndrome. These disorders require prompt recognition and a
high index of suspicion. While these complications can develop following administration of either oral or intrathecal baclofen,
the risk is greater with the intrathecal route. The management of baclofen toxicity is largely supportive while baclofen
withdrawal syndrome is most effectively treated with re-initiation or supplementation of baclofen dosing. Administration of
other pharmacologic adjuncts may be required to effectively treat associated withdrawal symptoms. This narrative review
provides an overview of the historical and emerging uses of baclofen, offers practical dosing recommendations for both oral
and intrathecal routes of administration, and reviews the diagnosis and management of both baclofen toxicity and withdrawal.
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than English and unpublished reports were not included.
Literature search was performed using PubMed.

Introduction

Baclofen was originally developed as an antiepileptic in 1962
by Swiss chemist Heinrich Keberle.! Although it failed to
effectively treat epilepsy, baclofen was found to reduce spas-
ticity in selected patients.! It was introduced in 1971 and ulti-
mately approved by the US Food and Drug Administration
(FDA) in 1977 for the treatment of spasticity related to multi-
ple sclerosis, spinal cord injuries, and other spinal cord pathol-
ogies.? Providers must be aware of the potential pitfalls
associated with baclofen therapy. Both toxicity and with-
drawal represent medical emergencies that carry a risk of
death.? The purposes of this narrative review are to provide an
overview of the common uses of baclofen in the clinical set-
ting, assist providers with oral and intrathecal dosing regi-
mens, and review the diagnosis and management of baclofen
toxicity and withdrawal. Relevant English language refer-
ences on baclofen administration, pharmacology, and adverse

Mechanism of action

Baclofen is an agonist for gamma-aminobutyric acid (GABA),
receptors on pre- and postsynaptic neurons in the central nerv-
ous system (CNS) and peripheral nervous system.* Its action
results in inhibition of the transmission of both mono- and
polysynaptic reflexes at the spinal cord, relaxing spasticity.’
Agonism of GABA, receptors found on type Ia presynaptic
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effects were reviewed. Included references consist of rand-
omized controlled trials, non-randomized trials, expert opin-
ions, commentaries, structured and unstructured reviews, case
reports, and package inserts. References in languages other
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Figure |. A simple model of baclofen’s presynaptic and
postsynaptic activity mediated through the GABA, receptor. The
net result is a reduction in the postsynaptic motor neuron action
potential, decreasing spasticity.

GABA: gamma-aminobutyric acid; Ca?*: calcium.

neurons arising from extrafusal muscle spindles causes an
influx of potassium (K¥) leading to hyperpolarization of the
neuronal membrane, as well as decreased calcium (Ca®")
influx at presynaptic nerve terminals.*> The net result is a
decrease in the rate of action potential threshold being reached
by presynaptic type Ia neurons and decreased amplitude of
excitatory postsynaptic potentials arising from gamma motor
neurons that innervate the muscle spindles. This mechanism
accounts for baclofen’s therapeutic effect of decreasing spas-
ticity (Figure 1). However, GABA; receptors are also found
on other neurons throughout the body, including in the CNS
and sympathetic nervous system, which can account for the
side effects of drowsiness and dizziness. Baclofen is the only
FDA-approved GABA, agonist.®

Baclofen indications
Spasticity

Baclofen is an effective treatment for spasticity of cerebral
or spinal origin.”® It is FDA-approved for the treatment of
spasticity through several routes of administration. Oral indi-
cations include management of reversible spasticity associ-
ated with spinal cord injury and multiple sclerosis. Oral
baclofen is the most commonly used antispasmodic.’
Intrathecal indications include the management of severe
spasticity associated with spinal cord injury and multiple
sclerosis. In patients greater than 4 years of age, baclofen can

be used for cerebral causes of spasticity, such as cerebral
palsy and traumatic brain injury.? Compared with oral admin-
istration, intrathecal baclofen (ITB) can more effectively
treat spasticity directly at the level of the spinal cord with
less associated systemic side effects.!” In a cross-sectional
matched cohort survey study comparing the two routes of
administration, patients who received ITB experienced sig-
nificantly fewer and less severe spasms compared with those
who received oral baclofen.!! In this study, there were no
significant differences between the two groups in regards to
pain, sleep, fatigue, or quality of life.

Off-label uses

Alcohol use disorder. Recently, baclofen has been adminis-
tered as an off-label treatment for alcohol use disorder
(AUD)."? Alcohol intake and reinforcement is mediated by
mesolimbic dopamine neurons. There is a high concentration
of GABA, receptors in this area of the brain, and it is
believed that activation of these receptors inhibits the sur-
rounding dopaminergic pathways, leading to a decrease in
dopamine release in response to alcohol consumption with a
corresponding reduction in craving.'> Despite this physio-
logic basis, there is no consistent evidence for the use of
baclofen as an effective treatment for AUD.'?

In 2007, Addolorato et al.'"* conducted a double-blind ran-
domized controlled trial evaluating the impact of oral
baclofen on maintenance of alcohol abstinence in alcohol-
dependent patients with liver cirrhosis. In this trial, 74% of
the patients who received baclofen achieved and maintained
abstinence compared with 29% of the placebo group (odds
ratio = 6.3 [95% CI 2.4-16.1]; p = 0.0001). Baclofen doses
reached a maximum of 30 mg/day, and no hepatic side effects
were noted. In 2015, Miiller et al.'® performed a randomized
controlled trial to assess the efficacy and safety of individu-
ally titrated high-dose baclofen for the treatment of alcohol
dependence. In this trial, individually titrated high-dose
baclofen (30-270 mg/day) was well tolerated and effective
in supporting alcohol-dependent patients in maintaining
alcohol abstinence. In 2017, Reynaud et al.'® conducted a
randomized controlled trial (ALPADIR study) comparing
the efficacy and safety of baclofen at a target dose of 180 mg/
day with placebo to evaluate the maintenance of abstinence
and reduction in alcohol consumption in 320 adult alcohol-
dependent patients. The results of this study did not demon-
strate a statistically significant superiority of baclofen in the
maintenance of abstinence or reduction in alcohol consump-
tion in alcohol-dependent patients. Similarly, other rand-
omized controlled trials have failed to demonstrate baclofen’s
efficacy in the setting of AUD.!7 9

Minozzi et al.?’ performed a Cochrane review of 12 rand-
omized controlled trials to assess the efficacy and safety of
baclofen for the treatment of AUD. The authors did not find
any difference between baclofen and placebo and concluded
that the evidence regarding the use of baclofen as a first-line
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Table |. Pharmacodynamic and pharmacokinetic properties of baclofen.

Route of administration Onset of action Peak effect Half-life
Oral Rapid 45min-2.5h 2-6h*
Intrathecal, bolus 30min—I h 4h | =5 h*
Intrathecal, continuous infusion 6—8 h after infusion initiation 24—-48h after infusion initiation 5

*Plasma; **cerebrospinal fluid.

treatment for AUD is uncertain. Conversely, a meta-analysis
by Pierce et al.?! evaluated 13 randomized controlled trials and
concluded that baclofen seems to be effective in the treatment
of alcohol dependence, especially among heavy drinkers.

A cohort study from the French Health Insurance claims
database compared outcomes of adult patients being treated for
AUD with oral baclofen and three other approved drugs.?? The
results indicated that baclofen exposure was associated with a
significant dose-dependent increase in the risk of hospitaliza-
tion and mortality versus the other approved AUD drugs.
Furthermore, there has been expert opinion highlighting a nega-
tive benefit:harm ratio for the use of baclofen for this indica-
tion.?3 Despite this, in 2018, the French National Agency for
Medicines and Health Products Safety (ANSM) formally
approved using baclofen to treat alcohol dependence, after tem-
porarily approving it for this indication in 2014. France became
the first country to support this off-label use of baclofen; the US
FDA has not made similar formal statements.>*** Shortly after
the ANSM approval for the use of baclofen in alcohol-depend-
ent patients, the Cagliari Expert Consensus Group published a
statement supporting the off-label use of baclofen as a first-line
pharmacologic treatment in patients with a contraindication to
approved medications and as a second-line pharmacologic
treatment in patients who have not responded to approved phar-
macologic treatments for AUD.?

In 2020, Rigal et al.?” published a randomized controlled
trial (Bacloville’s study) comparing baclofen titrated up to
300 mg/day versus placebo in adult outpatients with high-
risk alcohol consumption. In this study, authors reported that
baclofen was more effective than placebo in reducing alco-
hol consumption to low-risk levels. Serious adverse events,
including death, were more frequent with baclofen adminis-
tration. Notably, there have been concerns related to the data
transparency, delay in study publication, primary outcome
measure, and modifications to the study protocol.?%?
Overall, additional high-quality studies are needed to further
evaluate the role of baclofen in the treatment of AUD.

Gastroesophageal reflux disease. One of the most widely pos-
tulated mechanisms for the development of reflux symptoms
is excess transient lower esophageal sphincter relaxation
(TLESR) episodes.’® These episodes are physiologic pro-
cesses that allow for venting of gastric gas and act as protec-
tion against the accumulation of excess gas in the stomach.*
TLESRs are vasovagally induced reflexes that are triggered
by gastric distention and work via several neurotransmitters

and receptors, including the GABA receptor.’! Through its
GABA receptor activity, baclofen inhibits TLESRs, and has
been shown to significantly inhibit gastroesophageal reflux
disecase (GERD) episodes in both healthy volunteers and in
patients with reflux disease.3>*

Other off-label uses. There are case reports or small studies
describing the off-label use of baclofen for the treatment of
several clinical entities, including muscle spasm/musculoskel-
etal pain,? persistent/chronic hiccups,** autism spectrum
disorders,*® chronic post-traumatic stress disorder (PTSD),*
narcolepsy,® persistent speech stuttering,*' post-hemorrhoid-
ectomy pain,* trigeminal neuralgia,*’ and low back pain.**

Oral baclofen

Oral baclofen pharmacokinetics and
pharmacodynamics

The oral form of baclofen is well absorbed and has a bioa-
vailability of approximately 75%-80% systemically.*>4¢ It
undergoes approximately 15% hepatic metabolism and is
primarily excreted in the urine with 65%-80% of the drug
excreted in its unchanged form.*7*® Baclofen’s water solubil-
ity does not allow it to readily cross the blood—brain barrier
(BBB) when administered orally.*® Accordingly, oral
baclofen may require higher doses to achieve a therapeutic
effect and have an increased potential for unwanted side
effects, such as somnolence and sedation. Table 1 summa-
rizes the pharmacodynamic and pharmacokinetic properties
of baclofen administration.>#8-5!

Oral baclofen dosing for spasticity

Oral baclofen dosing for spasticity starts at an initial dose of 5
mg, administered one to three times daily.? The goal of symp-
tomatic relief of spasticity is reached with incremental increases
of 5 mg every 3 days, with a maximum dose of 80 mg/day.?

Oral baclofen dosing for AUD

There is no consensus on the appropriate dose of oral
baclofen for the off-label treatment of AUD, and several dos-
ing regimens are in use. Overall, the daily baclofen dose
should be based on safety, tolerability, and individual patient
response.?® There is substantial variation in the daily dose of
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baclofen required to achieve abstinence, reduction in alcohol
consumption, or a decrease in alcohol craving.'>?® The
Cagliari Expert Consensus Group recommends an oral
baclofen dosing regimen that begins with an initial dose of 5
mg, administered three times a day, and titrating up to 5-10
mg/day every 3 days.?® No recommended maximum dose is
provided in the Cagliari Statement nor in a follow-up clinical
practice review authored by the same group of experts.!?
When the ANSM approved the use of oral baclofen to treat
AUD, a maximum dose of 80 mg/day was authorized.?

Oral baclofen dosing for other off-label uses

For persistent or chronic hiccups, oral baclofen dosing starts
with an initial dose of 5-10 mg, administered three times a
day and titrating up to a maximum dose of 45 mg/day.*’ For
muscle spasms or musculoskeletal pain, oral baclofen dosing
starts with an initial dose of 5—-10 mg, administered —one to
three times a day as needed.’

Oral baclofen dosing in renal impairment

Manufacturers do not provide specific dosing adjustment
recommendations in patients with renal impairment. Given
that approximately 80% of baclofen is cleared via glomeru-
lar filtration, it is prudent to exercise caution with dosing
regimens in this setting.> There have been several published
case reports describing baclofen overdose in the context of
renal dysfunction.”* The authors of a multicenter study of
baclofen pharmacokinetics recommend a dose adjustment
based on estimated creatinine clearance (CrCl) thresholds.>®
Their specific recommendations include: CrCl > 80 mL/
min: maintain standard dose of 5 mg every 8 h; CrCl 50-80
mL/min: reduce dose to 5 mg every 12h; CrCl 30-50 mL/
min: reduce dose to 2.5 mg every 8h; and CrCl < 30 mL/
min: reduce dose to 2.5 mg every 12h. Although baclofen is
dialyzable in cases of toxicity, it should be avoided in patients
with end-stage renal disease requiring hemodialysis.>%>’

Oral baclofen dosing in hepatic impairment

There are no formal recommendations for dosing adjust-
ments in patients with hepatic impairment. As baclofen
undergoes only limited hepatic metabolism, it may be a safe
treatment option in patients with liver disease.'> While
Macaigne et al.’® described a case of probable baclofen-
induced acute hepatitis in an alcohol-dependent patient, the
data from large clinical trials suggest that baclofen is gener-
ally safe in patients with advanced liver disease.'**%%

Intrathecal baclofen

ITB pharmacokinetics and pharmacodynamics

ITB has a different pharmacokinetic and pharmacodynamic
profile compared with oral baclofen administration (Table 1).

Baclofen directly administered into the intrathecal space
allows for therapeutic cerebrospinal fluid (CSF) concentra-
tions to be achieved with plasma concentrations 100 times
less than that associated with oral administration.*” Plasma
concentrations of baclofen during intrathecal administration
are typically 0-5 ng/mL.*

ITB dosing for spasticity

ITB dosing for spasticity begins with a screening test to
assess for a positive response, characterized by a reduction in
tone, a reduction in spasms, or improved functional capac-
ity.! A screening test commonly starts with an ITB bolus
dose of 50 pg followed by observation for 8h.°' If no
response is identified, a subsequent ITB bolus dose of 75 g
is administered at least 24 h after the initial 50 pg bolus.°!
The patient is again monitored for a positive response for 8 h.
If this dose is not adequate to provide a positive response,
then after 24 h, a final screening bolus can be administered
with a maximum ITB dose of 100 pg.*%!

Maintenance ITB infusion dosing is dictated by the
response to the initial screening dose. If a positive response
has been achieved with reduction of spasticity that lasts > 4h,
but < 8h, the maintenance dose will be double that of the
screening dose with the infusion over 24 h.°! For example, if a
reduction in spasticity is achieved for Sh after an ITB 50 pg
screening bolus, then the infusion dose would be ITB 100 pg
delivered over a 24-h period. If the screening dose provided a
positive response for > 8h or caused a negative reaction (e.g.
change in mental status, loss of function, change in vital
signs), then the maintenance infusion dose will not change
from the screening dose.®' For example, if a reduction in spas-
ticity is achieved for a 10-h time period after an ITB 50 pg
screening bolus, then the infusion dose will be ITB 50 pg to be
delivered over a 24 hour period. It is recommended to allow
ITB to establish a steady state for a minimum of 24 h before
titrating up from the initial infusion dose.®' Furthermore, it is
recommended to increase the infusion dose up to 10%—30%
per day for spinal cord-associated spasticity and 5%—15% per
day for spasticity from cerebral origin.**¢!

Baclofen toxicity

While the expansion of baclofen’s use beyond the treatment of
spasticity has been associated with an increased number of
overdose and toxicity events, the most serious adverse out-
comes have been associated with ITB administration.>>72 It
is important for providers to maintain a high diagnostic index
of suspicion as the nature and severity of symptoms varies
widely. Patient history, vital sign abnormalities, and physical
examination findings are all important in establishing the
diagnosis. Baclofen toxicity should be considered in the set-
ting of hypotonia and flaccid paralysis, while spasticity and
hyperreflexia are more commonly encountered with baclofen
withdrawal.®® Baclofen toxicity can be life-threatening with
hemodynamic instability, cardiac arrhythmias, and respiratory
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Table 2. Clinical signs and symptoms of baclofen toxicity and withdrawal.

System Baclofen toxicity Baclofen withdrawal

General Hypothermia, death Pruritus, hyperthermia, multisystem organ
failure, death

Psychiatric Hallucinations, agitation, mania, catatonia Hallucinations, anxiety, paranoia, delusions

Neurological Hyporeflexia, tremor, confusion, impaired Hyperreflexia, tremor, paresthesias, headache,

memory, lethargy, somnolence, seizures,

encephalopathy, coma
Cardiovascular

Respiratory
Gastrointestinal
Musculoskeletal

Respiratory failure
Nausea, vomiting
Hypotonia

Conduction abnormalities, prolonged QTc
interval, autonomic dysfunction: bradycardia,
tachycardia, hypotension, hypertension

altered mental status, delirium, seizures

Acute reversible cardiomyopathy, cardiac arrest,
autonomic dysfunction: bradycardia, tachycardia,
hypotension, hypertension

Respiratory failure

Nausea, vomiting, diarrhea

Hypertonia, rhabdomyolysis

failure often requiring admission to the intensive care unit
(ICU). Signs and symptoms of baclofen toxicity are shown in
Table 2.62°85

Baclofen toxicity signs and symptoms

In the setting of excess GABA; activity, mild baclofen toxic-
ity typically presents with nonspecific signs of CNS depres-
sion, including lethargy, confusion, and somnolence.®>86
Although the mechanism is poorly understood, more signifi-
cant baclofen toxicity can present with generalized tonic—
clonic or myoclonic seizures despite its inhibitory CNS
actions.®® Seizures may result from activity on both the
GABAergic and glutamatergic systems.”>%3 In addition, the
excess of GABA,; activity may induce neural excitation via
hyperpolarization of the presynaptic and postsynaptic inhibi-
tory interneurons, effectively lowering the seizure thresh-
0ld.%333 Neurologically, baclofen toxicity can also present
with metabolic encephalopathy, nonconvulsive status epilep-
ticus, and coma.®® Complete loss of brainstem reflexes has
been reported in several cases of baclofen overdose.t”7
Electroencephalogram (EEG) can assist with the diagnosis
of baclofen toxicity.** EEG findings in patients with baclofen
toxicity have been notable for nonconvulsive status epilepti-
cus, moderate-to-severe generalized slowing, triphasic
waves, and burst suppression.537!87

Variation in baclofen toxicity presentation

There have been several cases of baclofen overdose described
in the literature with notable variation in dosing thresholds and
clinical presentations.5>~" There is a not a well-defined thresh-
old dose above which toxicity reliably occurs. Toxicity-
induced acute encephalopathy with abnormal EEG findings
has been reported in patients on modest stable regimens of
oral baclofen (30-140 mg/day).”! In a published case series of
23 presentations of baclofen overdose, Leung et al.®* found a
higher ICU admission rate, rate of mechanical ventilation, and
prolonged hospital length of stay in patients taking more than

200 mg/day of oral baclofen compared with those who
received less than 200 mg/day. In this same series, coma,
delirium, and clinical seizures only occurred with oral baclofen
regimens over 200 mg/day. While this may provide some
rough dosing guidance, the patients’ weights were not
described in this series. Hypotension, hypotonia, bradycardia,
and respiratory depression are expected signs of baclofen tox-
icity, although the clinical presentation can vary dramati-
cally.® Parker-Pitts et al.®® described a case of baclofen
toxicity that mimicked the signs and symptoms of baclofen
withdrawal in a patient with a functioning intrathecal pump.
The patient described in their case paradoxically presented
with dyspnea, hypertension, and tachycardia. In the case series
presented by Leung et al.,> hypertension was considerably
more common with high-dose (> 200 mg) versus low-dose
(< 200 mg) baclofen toxicity. In this same series, tachycardia
was also more common than bradycardia in the high-dose tox-

icity group.

Baclofen toxicity laboratory analysis

Plasma baclofen levels can be directly measured, although
this is not commonly included on initial toxicology analy-
ses.>%8 The normal therapeutic blood plasma concentration
with oral baclofen administration is 0.08-0.4 mg/L, while
the toxic concentration is 1.1-3.5 mg/L.* The reported
comatose-fatal concentration is 6.0-9.6 mg/L.* Despite
these reference ranges, clinical improvement does not always
directly correlate with a reduction in plasma baclofen con-
centration.>%” Furthermore, plasma concentrations are not
reliable in the setting of ITB administration due to low pen-
etration of the BBB.*

Baclofen toxicity treatment

There is no specific treatment for baclofen toxicity. Effective
management requires the prompt cessation of baclofen admin-
istration and supportive measures to ensure adequate circula-
tory and respiratory function until the toxic effects of the drug
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subside.®> Administration of intravenous fluids and/or vaso-
pressors is recommended for the treatment of hypotension.
Endotracheal intubation and initiation of mechanical ventila-
tion may be necessary for severe respiratory or CNS depres-
sion.® Benzodiazepines are considered the first-line treatment
for seizures associated with baclofen toxicity.> However, in
addition to its proconvulsant effects, baclofen has also been
reported to cause a toxic metabolic encephalopathy.”!
Encephalopathic patients may be markedly sensitive to the
CNS and respiratory depressive effects of benzodiazepines, so
careful monitoring is encouraged.”’ Gastric lavage and acti-
vated charcoal have been recommended for children with
baclofen overdose, but their effectiveness in the adult popula-
tion is less clear.** The elimination of baclofen is highly
dependent on intact renal function. Hemodialysis may be nec-
essary to reduce plasma drug levels, especially in patients with
renal insufficiency.’”¥’

Baclofen withdrawal

Baclofen withdrawal syndrome represents the most concern-
ing complication of baclofen therapy. Given its potential for
rapid progression and high rates of morbidity and mortality,
prompt recognition and effective treatment are essential.
Baclofen withdrawal can occur in patients taking both oral
baclofen and ITB.776.78 80.82.8491.92 patients typically experi-
ence withdrawal symptoms within hours to days following
drug interruption, often close to their scheduled prescription
refill dates or because of malfunctions in their ITB delivery
systems.®!"85 A high index of suspicion is required to diag-
nose baclofen withdrawal given the nonspecific nature of
presentation and degree of symptom overlap with other clini-
cal entities.”>** Baclofen withdrawal is largely a clinical
diagnosis, and there is no best diagnostic test (Table 2).
Performing a thorough history and physical is critical. In
general, withdrawal from oral baclofen is most often associ-
ated with the development of mild symptoms, while with-
drawal from ITB is more likely to present with severe,
life-threatening withdrawal syndrome.

Oral baclofen withdrawal

Withdrawal symptoms can be seen in patients taking oral
baclofen following abrupt discontinuation or dosing reduc-
tions.”®! These symptoms can include altered mental status,
worsening of spasticity, fever, nausea, weakness, and auto-
nomic instability.”®*! If left untreated, initial mild symptoms
can progress to severe. One case report describes a patient
who developed acute hypoxic respiratory failure requiring
ICU admission and noninvasive ventilatory support follow-
ing withdrawal from 60 mg/day of oral baclofen.’! Although
this patient’s condition rapidly improved after restarting oral
baclofen, there is a paucity of evidence suggesting that drug
levels in the CSF reach therapeutic levels following acute
resumption of oral baclofen. Overall, doses must be carefully

titrated to achieve relief of withdrawal symptoms because
there is no direct conversion from intrathecal to oral baclofen
dosing.’?! Future studies measuring CSF baclofen levels fol-
lowing initiation of oral regimens may prove useful in for-
mulating conversion guidelines.

Oral baclofen withdrawal in maternal—fetal
medicine

There are several case reports describing baclofen with-
drawal in newborn infants secondary to intrauterine expo-
sure.”>°® The mother was taking oral baclofen in all
reported cases. Maternal ITB therapy has not been associ-
ated with neonatal withdrawal symptoms, likely because the
daily doses are 20-100 times lower than oral baclofen
doses.”” Baclofen concentration in breast milk has been
shown to correlate with maternal serum baclofen concentra-
tion.”® However, there are no case reports of infants showing
signs of withdrawal after weaning from breast milk.
Presumably, this is due to the gradual transition from breast
milk to solid foods that is typically done over the course of
several months. Overall, baclofen is categorized as preg-
nancy category C by the FDA. There are no adequate and
well-controlled studies evaluating its use in pregnant
patients, and baclofen should only be used during pregnancy
if the potential benefit justifies the potential fetal risk.’

ITB withdrawal

Severe, life-threatening withdrawal symptoms are most com-
monly seen upon sudden cessation of ITB therapy from human
error, ITB pump malfunction, migration of the intrathecal
catheter, or after removal of the pump due to infection.”>*
Patients usually present with signs of excessive neurologic,
autonomic, and psychiatric excitation due to abrupt cessation
of baclofen’s inhibitory CNS effects.””8! Early presenting
symptoms include return of baseline spasticity, fever, pruritus,
or paresthesias. Ongoing withdrawal may lead to hallucina-
tions, delirium, seizures, and muscle rigidity.® If left untreated,
withdrawal from ITB can progress to rhabdomyolysis, pro-
found autonomic instability, multisystem organ failure, car-
diac arrest, and death within 1-3days.”*7>78828¢ Severe
baclofen withdrawal syndrome can mimic sepsis, malignant
hyperthermia, autonomic dysreflexia, serotonin syndrome,
neuroleptic malignant syndrome, or other hypermetabolic
states with widespread rhabdomyolysis.*’ Furthermore, recog-
nition of baclofen withdrawal can be especially difficult if
patients are taking serotonergic and/or dopaminergic medica-
tions, have confounding medical or psychiatric comorbidities,
or suffer from substance use disorders.

ITB withdrawal laboratory and imaging analysis

Laboratory and imaging studies can provide supporting evi-
dence. For example, elevations in serum creatinine kinase,
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potassium, and creatinine levels can alert clinicians to the
development of rhabdomyolysis that can occur with baclofen
withdrawal syndrome. Several of the most common compli-
cations, including catheter kinking, migration, and disconti-
nuity can be visualized by plain film radiography, although
there is a lack of evidence directly evaluating the efficacy of
plain films alone to reliably identify pump- and catheter-
related complications.

Given the low risk and wide availability, plain radiogra-
phy is usually the initial approach to imaging evaluation of
suspected ITB pump-catheter system dysfunction.'® In
order to image the entire ITB system, a standard abdominal
radiograph, an anteroposterior (AP) thoracic spine radio-
graph, and AP/lateral lumbar spine radiographs should be
obtained.” Information about intrinsic pump function can
also be obtained if radiographs are performed both before
and after a programmed rotor rotation. It is important to note
that these studies cannot evaluate catheter patency, occlu-
sion, or leaks that are not associated with catheter disconti-
nuities.'” Injection of contrast material in the ITB system
under fluoroscopy can identify several catheter-related com-
plications, including perforations and leaks in the pump and/
or catheter tubing. The use of computerized tomography
imaging during and after contrast administration may pro-
vide better visualization.'” If any radiographic study is per-
formed with contrast, it is critical to aspirate 2—3 mL of fluid
from the accessory port prior to injection of contrast, in order
to prevent inadvertent baclofen overdose.!”! While the use of
magnetic resonance imaging is not contraindicated in
patients with ITB pumps, the pump manufacturer should be
consulted prior to the study. Exposure to an external mag-
netic field may cause the rotor to stall, although it should
restart without intervention after the device is removed from
the magnetic field.!°!%2 Overall, surgical interrogation and
exploration of the pump system may be necessary if imaging
studies are nondiagnostic.’! In terms of assessing ITB pump
function, modern devices have alarms which signify low bat-
tery, low drug volume, or malfunction of the device. Older
pump systems may not have these alarms and therefore have
much higher rates of failure. Long-term follow-up studies
performed in the 1990s have yielded a 37%-55% rate of
pump and/or catheter malfunction in these devices.'’!

Treatment of baclofen withdrawal

General treatment principles of baclofen withdrawal include
frequent vital sign monitoring, avoidance of dehydration, sup-
port of cardiopulmonary function, management of associated
symptoms such as seizures and delirium, and most importantly,
re-initiation or supplementation of baclofen dosing.”+8%103
Hydration with intravenous fluids is important to prevent and
treat the effects of rthabdomyolysis.'* Given the potential for
rapid decompensation, it is recommended that patients being
managed for baclofen withdrawal be admitted to an ICU for
close monitoring of their hemodynamics and respiratory status.

In severe cases, respiratory support in the form of noninvasive
or invasive ventilation modalities may be necessary. Significant
morbidity and mortality can develop if appropriate resumption
of baclofen is delayed or nonexistent.” Other pharmacologic
agents have been used as treatment adjuncts and will be dis-
cussed in the sections below.

Baclofen. Definitive treatment of baclofen withdrawal syn-
drome involves urgent restoration of drug delivery, prefera-
bly via the same route and dosage as before the interruption.'%
Restoring ITB delivery may be delayed as this often involves
coordinating a surgical team to evaluate an indwelling pump
in the operating room setting. In 2016, a panel of 21 multi-
disciplinary physicians actively managing > 3200 ITB
patients released best practice guidelines for troubleshooting
ITB therapy.!® The experts agreed that the first-line treat-
ment for acute baclofen withdrawal is prompt restoration of
baclofen therapy via intrathecal bolus or alternatively, tem-
porary intrathecal catheter placement with a continuous infu-
sion until definitive replacement in the operating room can
be performed. A single intrathecal dose can help alleviate
withdrawal symptoms for as long as 6-8h.°>!% Hwang
et al.'% described a technique for continuing ITB when
urgent pump removal is needed because of infection. In their
case series, the authors removed the infected pumps, cleaned
them with betadine, and then reconnected them to new or
existing externalized lumbar drains. There were no reported
withdrawal symptoms associated with this technique. While
it appears to be safe, this treatment strategy requires further
investigation. If the healthcare system lacks the equipment
or qualified personnel to administer ITB, then it is accepta-
ble to administer baclofen via the oral route.'” However, the
pharmacological limitations of the oral formulation such as
its short half-life, poor BBB penetration, and supraspinal
CNS activity causing sedation, dizziness, confusion, and
somnolence render it an imperfect solitary substitution for
ITB.* Orally administered baclofen may be poorly absorbed
in critically ill patients, and as discussed above, there is no
reliable oral to intrathecal conversion dose. Furthermore,
since many patients who receive ITB have already failed
high-dose oral baclofen therapy, oral administration may not
be adequate to prevent withdrawal.*® As a result, supplemen-
tation with other pharmacologic agents, such as benzodiaz-
epines, cyproheptadine, propofol, dantrolene, and/or
dexmedetomidine may be required to effectively treat asso-
ciated withdrawal symptoms. A review of these medications
is provided in Table 3’75,82,94,104,105,107—132

Benzodiazepines and cyproheptadine. While there are no pub-
lished studies evaluating the comparative effectiveness of
pharmacologic agents for baclofen withdrawal, best practice
guidelines recommend benzodiazepines and cyproheptadine
as first-line adjuncts to ITB for the management of ITB with-
drawal.' Both benzodiazepines and cyproheptadine target
key receptors that are altered by chronic baclofen use. GABA,
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receptors are downregulated in response to the repeated and
prolonged presence of baclofen-induced GABA agonism.'??
When baclofen is abruptly withdrawn, the result is hyperactiv-
ity of afferent nerve impulses, precipitating the characteristic
withdrawal symptoms of seizures, muscle spasticity, and agi-
tation.”” Benzodiazepines target pre-sympathetic GABA
receptors, which act to circumvent the chronic baclofen-
induced down regulation of GABA receptors and lessen the
severity of withdrawal symptoms.”* Common benzodiaz-
epines used as adjuncts in baclofen withdrawal include diaze-
pam, lorazepam, and midazolam, with the former being the
most commonly used. While there is no standard for initial
dosing of these medications, they are typically titrated until
muscle relaxation, normothermia, normotension, and resolu-
tion of seizures occur.**

Cyproheptadine is a potent first-generation histamine and
serotonin antagonist that has been used as an adjunct in the
management of baclofen withdrawal syndrome.**'? It is
thought that chronic GABA, receptor activation inhibits the
release of serotonin at the level of the brainstem. When this
inhibition is abruptly removed (i.e. during baclofen with-
drawal), there may be a state of excess serotonin activity in
the brain.'”®® When used in conjunction with baclofen and
diazepam, cyproheptadine is associated with improvement
in the management of acute ITB withdrawal symptoms.'?’

Propofol. Propofolis a potent GABA , receptor agonist that is
commonly used for the induction of general anesthesia.'*! It
enhances GABA-mediated synaptic inhibition and may help
to prevent the progression of acute baclofen withdrawal
symptoms. Continuous infusions of propofol have been used
successfully in cases of acute hyperspasticity associated with
baclofen withdrawal.!%” Propofol is a global CNS depressant
and has a rapid onset of action. It also produces dose-depend-
ent hypotension and respiratory depression.'?* Because of
these characteristics, propofol should only be administered
in a closely monitored setting with personnel skilled at air-
way management readily available.

Dantrolene. Dantrolene is a muscle relaxant that is FDA-
approved for the treatment of malignant hyperthermia and
several muscle spasticity disorders.'?® It causes dissociation
of excitation—contraction coupling by inhibiting the ryano-
dine receptor, which is responsible for releasing calcium from
the sarcoplasmic reticulum and inducing skeletal muscle con-
traction.!'? Dantrolene can be used as an adjunct in severe
baclofen withdrawal to counteract the associated hypertonic-
ity and hypermetabolic state.!3? It has been used successfully
in a case of severe hyperthermia and spasticity that was unre-
sponsive to high-dose oral baclofen administration.'?!

Dexmedetomidine. Dexmedetomidine is a potent and highly
selective alpha-2 adrenergic receptor agonist that possesses
sedative and analgesic effects.!?” While it is FDA-approved
for the maintenance of sedation in intubated patients in the

ICU and peri-procedural sedation in non-intubated patients,
it has been used off-label for the treatment and prevention of
delirium, for analgesia, for the treatment of insomnia, and for
the treatment of alcohol withdrawal.'?® Recent reports have
described the safe and effective use of dexmedetomidine
infusions for the treatment of symptoms associated with
baclofen withdrawal.!?-11%126 Although the most common
adverse effects of dexmedetomidine include hypotension
and bradycardia, it does not induce as much respiratory
depression as propofol or high-dose benzodiazepines.'?’
This attribute may make it an attractive option in patients
with tenuous respiratory function.

Limitations

Like other narrative reviews, this review did not follow a
specific set of evidence-based criteria to select or evaluate
the included references, potentially introducing bias. In addi-
tion, the lack of rigid methodology in the selection and eval-
uation process prevents replicability. It is possible that
certain included references are not representative of the evi-
dence base at large, and relevant references were inadvert-
ently omitted. Finally, a systematic review and meta-analysis
could have provided a quantitative summary of the literature
and reported pooled analyses, which could not be presented
in this narrative review.

Conclusion

Baclofen has proven to be a valuable pharmacologic agent for
patients with spasticity. It has been increasingly used off-label
for the management of several disorders including musculo-
skeletal pain, muscle spasms, AUD, chronic hiccups, GERD,
and PTSD. This expansion of its use has led to an increase in
baclofen-associated complications, which can be especially
pronounced in patients with renal or hepatic dysfunction. Its
narrow therapeutic window mandates careful dose initiation
and monitoring. Both baclofen toxicity and withdrawal are
life-threatening complications that require prompt recognition
and a high index of suspicion. The management of baclofen
toxicity is largely supportive and involves preservation of
adequate circulatory and respiratory function. Baclofen with-
drawal syndrome most commonly occurs in the setting of ITB
administration and is most effectively treated with re-initiation
or supplementation of baclofen dosing. Several pharmaco-
logic adjuncts have been used successfully to treat the associ-
ated symptoms of baclofen withdrawal.
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