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Baclofen, a commonly prescribed muscle relaxant, is primarily excreted via the kid-

neys; toxicity is a potentially serious adverse outcome in patients with decreased kidney

function. We describe a patient with end-stage kidney disease receiving hemodialysis

who developed neurotoxicity and hemodynamic instability after receiving baclofen for

muscle spasms. In this case, prompt recognition of baclofen toxicity and urgent he-

modialysis were effective in reversing this toxicity. This case is used to examine the

pharmacokinetics and pathophysiology of baclofen toxicity and discuss appropriate

diagnosis and management of baclofen toxicity. We recommend reducing the baclofen

dose in patients who have moderately reduced kidney function (estimated glomerular

filtration rate, 30-60 mL/min/1.73 m2) and avoiding use in patients with severely reduced

kidney function (estimated glomerular filtration rate , 30 mL/min/1.73 m2) or on renal

replacement therapy.
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INTRODUCTION

Baclofen, a g-aminobutyric acid (GABA) agonist
specific to the GABAB class, was first marketed in the
United States in the 1970s to treat skeletal muscle
spasticity secondary to spinal cord disease.1 The
modest cost2 and low tolerance potential3,4 of baclo-
fen have made it an attractive option for a wide range
of ailments, and it is frequently prescribed to patients
as a muscle relaxant. Multiple studies have demon-
strated the effectiveness of baclofen for several off-
label uses, such as intractable hiccups,5 trigeminal
neuralgia,6 acquired nystagmus,7 gastroesophageal
reflux,8,9 and treatment of substance abuse, including
alcohol and cocaine dependency.10,11

The precise mechanism of action of baclofen is not
fully understood. It is thought to work through hy-
perpolarization of presynaptic motor neurons, inhib-
iting both monosynaptic and polysynaptic reflexes.1

Unlike other muscle relaxants that are primarily
metabolized by the liver,12-14 baclofen is primarily
excreted by the kidneys in its unchanged form.15 For
this reason, patients with diminished or absent kidney
function are at risk for developing baclofen toxicity.
During the past decade, multiple case reports have
discussed patients with kidney disease experiencing
baclofen toxicity.16-25 We present another such case
of baclofen toxicity in a patient with end-stage kidney
disease and discuss the pharmacokinetics and patho-
physiology of baclofen toxicity and its prevention and
treatment.
y Dis. 2017;-(-):---
CASE REPORT

Clinical History and Initial Laboratory Data

A 58-year-old man with hypertension, chronic back spasms, and
end-stage kidney disease secondary to perinuclear antineutrophil
cytoplasmic antibody vasculitis who recently began thrice-weekly
hemodialysis (HD) therapy via his tunneled right internal jugular
catheter, was admitted for altered mental status. One week before
the hospital admission, he presented to the emergency department
seeking medical treatment for back spasms. Baclofen, 10 mg,
every 8 hours was prescribed. During the next several days, the
patient developed progressive confusion and was subsequently
found at home after pulling out his HD catheter; he was dis-
oriented and experiencing visual hallucinations.
On presentation, the patient was afebrile, heart rate was 105

beats/min, oxygen saturation was 90% on room air, and blood
pressure was 98/67 mm Hg. His speech was reportedly tangential
and he was unsure of the reason for his admission, but he was
oriented to person and place, and neurologic examination findings
were otherwise normal. His initial laboratory test results were not
significant for a metabolic derangement or infection (Table 1).
Additional home medications included amlodipine, 5 mg, daily;
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Table 1. Laboratory Data

Serum Chemistry Value Reference Range

Sodium, mmol/L 136 134-144

Potassium, mmol/L 4.8 3.5-5.4

Bicarbonate, mmol/L 21 22-32

SUN, mg/dL 62 8-23

Creatinine, mg/dL 12.8 0.6-1.4

Phosphate, mmol/L 6.8 2.4-4.7

Calcium, mmol/L 10.4 8.5-10.1

WBC, 3103/cmm 5.2 3.7-9.6

Hemoglobin, g/dL 11.3 12-17

Hematocrit, % 36.3 36-51

Platelets, 3103/cmm 253 123-309

AST, U/L 31 14-41

ALT, U/L 24 17-63

Total bilirubin, mg/dL 0.6 0.4-1.5

Abbreviations: ALT, alanine aminotransferase; AST, aspartate

aminotransferase; SUN, serum urea nitrogen; WBC, white blood

cells.
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carvedilol, 50 mg, twice daily; atorvastatin, 40 mg, daily; pan-
toprazole, 40 mg, twice daily; and sevelamer carbonate, 800 mg,
with meals. In addition, an electrocardiogram was normal. Serum
urea nitrogen and serum creatinine concentrations were 62 mg/dL
and 12.8 mg/dL, respectively, but he was asymptomatic 4 weeks
prior with comparable laboratory results (serum urea nitrogen,
121 mg/dL; creatinine, 7.4 mg/dL). He was generally adherent to
his HD prescription, and his last HD session was thought to be 5
days before presentation due to missing 1 scheduled session. His
recent baclofen intake was suspected to be the most likely cause of
the acute onset of altered mental status.

Additional Investigations

The patient underwent computed tomography of the brain to
evaluate for hemorrhage or stroke, which had negative results. He
also had blood cultures, urinalysis, chest x-ray, and computed
tomography to investigate infectious causes that may present with
delirium; these results were normal. Urine toxicology screen was
also performed on admission, which was negative.

Diagnosis

Altered mental status in a patient with end-stage kidney disease
secondary to baclofen toxicity, accumulation of baclofen exacer-
bated by a missed HD session.

Clinical Follow-up

Baclofen treatment was discontinued, and the patient began
immediate HD (Revaclear dialyzer with polysulfone membrane;
Gambro Inc; 4.5 hours, 2-mEq/L potassium/2.5-mEq/L calcium
bath, 400 mL/min blood flow, 800 mL/min dialysate flow, and no
net ultrafiltration), with significant improvement in mental status
after 1 session. His mental status rapidly returned to baseline, and
he was discharged to home thereafter.

DISCUSSION

This case illustrates an adverse outcome in a patient
on HD taking oral baclofen at a dose typically given
to a patient with normal kidney function. Baclofen is
well absorbed by the gut, with oral bioavailability of
70% to 80%.26 Approximately 15% of absorbed
baclofen is metabolized by the liver through deami-
nation,3 and the other 60% to 80%15,26,27 is excreted
2

unchanged by the kidneys. The drug has a molecular
weight of 213.7 g/mol,28 is w30% bound to serum
protein,3,15 and has an estimated volume of distribu-
tion of 0.83 L/kg.29 Therapeutic blood levels are be-
tween 80 and 400 ng/mL, with doses of 25 to 40 mg
resulting in a peak serum concentration of 500 to
600 ng/mL after 2 to 3 hours in healthy adults.3,30,31

Drug concentrations . 800 ng/mL are associated
with toxicity.32 Symptoms of baclofen toxicity and
overdose include encephalopathy, seizures, coma,
areflexia, hypothermia, and respiratory and cardio-
vascular depression.29,33,34 There have even been re-
ported cases of baclofen toxicity mimicking brain
death.35,36

Baclofen undergoes first-order elimination, has a
half-life of 3 to 6.8 hours in patients with normal
kidney function,3,15,27,29,30 and has an average half-
life of 7.8, 8.9, and 14.1 hours in patients with
mild, moderate, and severe chronic kidney disease
(CKD), respectively.24 Total systemic clearance is
180 mL/min26 and renal clearance is 103 to 151 mL/
min.26,27,32 Renal clearance is predominantly
completed passively through glomerular filtration;
however, coadministration with probenecid has been
shown to reduce clearance, suggesting active secre-
tion through the organic anion transport (OAT)
pathway.15,37 Animal models have shown that the
drug effectively penetrates the blood-brain barrier,
albeit reaching a 27-fold lower concentration in the
central nervous system than blood serum levels.37

However, clearance from the central nervous system
is delayed compared with blood serum levels.29,31 It
should be mentioned that pharmacokinetics of bac-
lofen differ widely between children and adults, partly
due to the larger volume of distribution and likely
faster elimination rates secondary to the higher esti-
mated glomerular filtration rates (eGFRs) found in
pediatric patients.38

The standard dosing regimen for oral baclofen in
patients with normal kidney function is 5 mg 3 times
daily, slowly titrated up by 15 mg daily every 3 days
until optimal therapeutic effect is reached. This
optimal effect is usually observed with total baclofen
doses of 40 to 80 mg daily, and it is recommended
that the daily dose not exceed 80 mg.1 The manu-
facturer’s label recommends caution when prescribing
baclofen to patients with decreased kidney function,
but it does not provide specific dose adjustments for
such patients.1 Although there have been many case
reports discussing baclofen toxicity in patients with
decreased kidney function,16-25 until recently, there
have not been dose adjustment guidelines for bac-
lofen in this patient population. Vlavonou et al24

recommended using the percent change in baclofen
half-life and clearance among patients with normal
kidney function relative to patients with mild,
Am J Kidney Dis. 2017;-(-):---
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moderate, and severe CKD to guide dose and interval
adjustments of the initial starting dose. They include
that patients with severe CKD (creatinine clearance ,
30 mL/min) not receiving dialysis can tolerate 5 mg
of baclofen daily. However, there have been instances
of patients with severe CKD on maintenance HD
therapy taking 5 mg daily who developed neurotox-
icity from this low dose.17 Based on our experience,
we recommend avoiding baclofen in all patients with
eGFRs , 30 mL/min/1.73 m2, independent of dial-
ysis status. Of note, calculated eGFRs should not be
used in patients on HD or peritoneal dialysis therapy
because their eGFRs should be assumed to be
,10 mL/min/1.73 m2. We have created a schematic
with recommendations for the initial starting dose of
baclofen based on a patient’s baseline eGFR (Fig 1).
With a small molecular weight, low volume of

distribution, and relatively low protein binding, bac-
lofen is suitable for dialytic clearance. HD has been
shown to effectively remove baclofen in patients with
end-stage kidney disease, with one report of 79%
serum clearance after 4 hours of HD, resulting in a
half-life reduction from 15.5 to 2.06 hours.20 In
another patient with acute kidney injury, 37% of
serum baclofen was recovered in dialysate following
4 hours of HD, and the half-life was reduced from
12.6 to 3.7 hours.21 Although no clearance studies of
baclofen using continuous ambulatory peritoneal
dialysis (CAPD) have been performed, a small case
study of baclofen toxicity compared CAPD to HD.
This study determined that neurologic recovery in
Assess K
Functi

eGFR* > 90

No dose 
adjustments

eGFR 60-<90

Reduce initial dose 
by 1/3

(5 mg/12 h)

Figure 1. A stepwise approach to safely prescribe baclofen to pa
mendations are determined in studies based on creatinine clearance
mated glomerular filtration rate (eGFR; mL/min/1.73 m2) using the
equation, which is similar to the MDRD (Modification of Diet in Re
GFRs.52,53 Of note, providers should be vigilant of mental status
dose and level of kidney function. Abbreviation: RRT, renal replacem
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baclofen toxicity was similar in CAPD and HD.19

Therefore, the decision to use HD in a patient with
baclofen toxicity currently receiving CAPD should be
guided by available resources because CAPD should
effectively remove baclofen. Serum baclofen con-
centrations can be obtained using liquid chromatog-
raphy and tandem mass spectrometry. However, in
many instances, these are send-out tests and results
can take at least 2 days to return. Because many pa-
tients with baclofen toxicity are threatened by acute
and potentially life-threatening effects, it is not safe to
delay decisions awaiting serum baclofen concentra-
tions. We suggest making clinical decisions based on
patient symptoms and clinical suspicion instead of
drug concentrations.
Careful monitoring of patients’ kidney function

should be performed in any patient on baclofen
therapy, even those with normal baseline kidney
function. There has been one reported case of a pa-
tient on long-term therapy who started coadministra-
tion of ibuprofen, leading to acute kidney injury and
baclofen toxicity.39 Another patient who began long-
term baclofen therapy at normal baseline kidney
function began to develop asymptomatic toxicity
(hypotension) and was found to have subclinical
CKD.40 HD has been shown to be effective in
removing baclofen and improving neurologic status in
patients with normal kidney function in cases of
overdose, reducing the half-life from 15.7 to 3.1
hours.41 However, there is debate as to whether
extracorporeal treatment should be used in patients
idney 
on

eGFR 30-<60 eGFR < 30 with or 
without RRT

Reduce initial dose 
by ½ (2.5 mg/8 h) 

and watch for 
changes in mental 

status

Avoid baclofen use 
or use a substitute 

(eg, tizanidine, 
dantrolene)

tients with decreased kidney function. *Many drug-dosing recom-
calculated using the Cockcroft-Gault formula. Here we list esti-

CKD-EPI (Chronic Kidney Disease Epidemiology Collaboration)
nal Disease) Study equation but with better accuracy at higher
changes in all patients because side effects can occur at any
ent therapy.
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Known Baclofen 
Ingestion

• Encephalopathy
• Hypotonic, areflexia, or 

myoclonus
• Respiratory 

depression
• Seizures

Severe AKI
Severe CKD
ESKD

Supportive 
care and close 
monitoring

Daily 
Hemodialysis 
CVVH/CVVHDF

Respiratory 
depression 
or seizures

No

Yes

Assess Kidney Function

Normal
Mild AKI
Mild CKD

Figure 2. A stepwise approach to managing baclofen
toxicity. Adapted from Roberts et al25 with permission of Wiley
Periodicals, Inc. Abbreviations: AKI, acute kidney injury; CKD,
chronic kidney disease; CVVH, continuous venovenous hemofil-
tration; CVVHDF, continuous venovenous hemodiafiltration;
ESKD, end-stage kidney disease.

Box 1. Key Teaching Points

� Pharmacokinetics:

� 70%-80% oral bioavailability

� Half-life is 3-6.8 h in those with no decrease in kidney

function

� 15% metabolized through the hepatic system

� Up to 80% of baclofen excreted unchanged by the

kidneys

� Dose adjustment is necessary even in mild CKD

� Dialysis is often indicated during baclofen use in cases of

significant CKD, AKI, and ESRD

Abbreviations: AKI, acute kidney injury; CKD, chronic kidney

disease; ESRD, end-stage renal disease.
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with normal kidney function,42-44 with some
reasoning that baclofen elimination half-life with
extracorporeal therapy is similar to the patient’s
native kidney elimination rate.33,45 It should also be
noted that in patients on long-term baclofen therapy,
caution should be taken with management because
baclofen withdrawal syndrome can occur after abrupt
discontinuation. Signs and symptoms of withdrawal
include tremor, rigidity, fever, seizures, tachycardia,
or altered mental status.1,46,47 Although there is not a
universal recommendation, case reports suggest that
in patients with normal kidney function, the original
dose can be resumed followed by a slow taper
(reduction of 5-10 mg/wk).48,49 We have adapted a
treatment algorithm from Roberts et al25 to suggest
treatment of baclofen toxicity in patients with kidney
disease and those with normal kidney function, who
should be transitioned to dialysis therapy if they
develop encephalopathy, hypotonia, respiratory
depression, or seizures (Fig 2).
Another point of discussion involves the proper

prescribing indications of baclofen when patients
present with muscle spasm. Muscle relaxants are
classified into 2 main categories: antispastics, such
as baclofen, tizanidine, and dantrolene are used to
alleviate spasticity secondary to an upper motor
neuron disorder, whereas antispasmodics such as
cyclobenzaprine are indicated for spasms associated
with acute musculoskeletal disorders such as back
or neck pain.50 Examining the multiple case reports
discussing baclofen toxicity in patients with
decreased kidney function, providers often pre-
scribed baclofen to treat spasmodic disor-
ders,16,22,23,25 for which baclofen is not indicated1

and has not been proven effective.51 Hence, if a
patient presents with muscle spasms secondary to a
musculoskeletal disorder, the provider should
consider an antispasmodic such as cyclobenzaprine,
which is metabolized primarily by the liver.14

Alternatively, benzodiazepines such as diazepam
act as antispasmodics, but carry risks such as de-
pendency and withdrawal.4 If an antispastic agent
such as baclofen is indicated and the patient has
decreased kidney function, the provider should
consider prescribing another antispastic medication,
such as tizanidine or dantrolene. Although tizani-
dine, an a2-adrenergic agonist, undergoes substan-
tial hepatic metabolism, a portion is excreted by the
kidneys; therefore, the manufacturer recommends
dose adjustment in patients with creatinine
clearances , 25 mL/min.13 Dantrolene functions at
the level of the sarcoplasmic reticulum, preventing
release of calcium ions, and does not require
dosage adjustments in patients with decreased
kidney function, but carries a risk for severe
hepatotoxicity.12
4

In summary, careful assessment of risk versus
benefit is required when considering the use of
baclofen for patients with acute kidney injury, non–
dialysis-dependent CKD, or end-stage kidney disease
on maintenance renal replacement therapy. There is a
need for provider education on the possible dangers of
prescribing baclofen in this patient population, as well
as prompt diagnosis and management of baclofen
toxicity. The key teaching points of this review are
summarized in Box 1.
Am J Kidney Dis. 2017;-(-):---



Baclofen Toxicity
ACKNOWLEDGEMENTS
We thank Jennifer Gommer, PharmD, BCPS, Clinical Phar-

macist, Duke University Medical Center for critical review of the
manuscript.
Support: This work was supported by a Career Development

Award IK2BX002240 from the Biomedical Laboratory Research
and Development Service of the Department of Veterans Affairs
Office of Research and Development (to Dr Sparks). The views
expressed in this article are those of the authors and do not
necessarily represent the policy or position of the US Department
of Veterans Affairs or the US government.
Financial Disclosure: The authors declare that they have no

relevant financial interests.
Peer Review: Evaluated by 3 external peer reviewers, Feature

Editor Yee, Education Editor Goldfarb, and Deputy Editor Berns.

REFERENCES
1. Baclofen (tablet) [package insert]. Sellersville, PA: Teva

Pharmaceuticals USA, Inc; 2016.
2. Baclofen: Lexi-Drugs. Lexicomp Online. Hudson, OH:

Lexi-Comp, Inc; March 2017.
3. Young RR, Delwaide PJ. Drug therapy: spasticity (second of

two parts). N Engl J Med. 1981;304(2):96-99.
4. Roussan M, Terrence C, Fromm G. Baclofen versus diaz-

epam for the treatment of spasticity and long-term follow-up of
baclofen therapy. Pharmatherapeutica. 1985;4(5):278-284.

5. Guelaud C, Similowski T, Bizec JL, Cabane J,
Whitelaw WA, Derenne JP. Baclofen therapy for chronic hiccup.
Eur Respir J. 1995;8(2):235-237.

6. Fromm GH, Terrence CF, Chattha AS. Baclofen in the
treatment of trigeminal neuralgia: double-blind study and long-
term follow-up. Ann Neurol. 1984;15(3):240-244.

7. Averbuch-Heller L, Tusa RJ, Fuhry L, et al. A double-blind
controlled study of gabapentin and baclofen as treatment for ac-
quired nystagmus. Ann Neurol. 1997;41(6):818-825.

8. Vela MF, Tutuian R, Katz PO, Castell DO. Baclofen de-
creases acid and non-acid post-prandial gastro-oesophageal reflux
measured by combined multichannel intraluminal impedance and
pH. Aliment Pharmacol Ther. 2003;17(2):243-251.

9. Ciccaglione AF, Marzio L. Effect of acute and chronic
administration of the GABA B agonist baclofen on 24 hour pH
metry and symptoms in control subjects and in patients with
gastro-oesophageal reflux disease. Gut. 2003;52(4):464-470.

10. Addolorato G, Leggio L, Ferrulli A, et al. Effectiveness and
safety of baclofen for maintenance of alcohol abstinence in alcohol-
dependent patients with liver cirrhosis: randomised, double-blind
controlled study. Lancet. 2007;370(9603):1915-1922.

11. Shoptaw S, Yang X, Rotheram-Fuller EJ, et al. Random-
ized placebo-controlled trial of baclofen for cocaine dependence:
preliminary effects for individuals with chronic patterns of cocaine
use. J Clin Psychiatry. 2003;64(12):1440-1448.

12. Dantrium (capsules) [package insert]. Rochester, MI: JHP
Pharmaceuricals, LCC; 2011.

13. Zanaflex (tablet and capsules) [package insert]. Ardsley,
NY: Acorda Therapeutics Inc; 2013.

14. Cyclobenzaprine hydrochloride (tablet) [package insert].
Rockford, IL: Mylan Institutional Inc; 2016.

15. Wuis EW, Dirks MJ, Termond EF, Vree TB, Van der
Kleijn E. Plasma and urinary excretion kinetics of oral baclofen in
healthy subjects. Eur J Clin Pharmacol. 1989;37(2):181-184.

16. Chen KS, Bullard MJ, Chien YY, Lee SY. Baclofen
toxicity in patients with severely impaired renal function. Ann
Pharmacother. 1997;31(11):1315-1320.
Am J Kidney Dis. 2017;-(-):---
17. Bassilios N, Launay-Vacher V, Mercadal L, Deray G.
Baclofen neurotoxicity [correction of unerotoxicity] in a chronic
haemodialysis patient. Nephrol Dial Transplant. 2000;15(5):
715-716.

18. Choo YM, Kim GB, Choi JY, et al. Severe respiratory
depression by low-dose baclofen in the treatment of chronic hiccups
in a patient undergoing CAPD. Nephron. 2000;86(4):546-547.

19. Chen YC, Chang CT, Fang JT, Huang CC. Baclofen
neurotoxicity in uremic patients: is continuous ambulatory peri-
toneal dialysis less effective than intermittent hemodialysis? Ren
Fail. 2003;25(2):297-305.

20. Wu VC, Lin SL, Lin SM, Fang CC. Treatment of baclofen
overdose by haemodialysis: a pharmacokinetic study. Nephrol
Dial Transplant. 2005;20(2):441-443.

21. Brvar M, Vrtovec M, Kovac D, Kozelj G, Pezdir T,
Bunc M. Haemodialysis clearance of baclofen. Eur J Clin Phar-
macol. 2007;63(12):1143-1146.

22. Su W, Yegappan C, Carlisle EJ, Clase CM. Reduced level
of consciousness from baclofen in people with low kidney func-
tion. BMJ. 2009;339:b4559.

23. El-Husseini A, Sabucedo A, Lamarche J, Courville C,
Peguero A. Baclofen toxicity in patients with advanced nephropa-
thy: proposal for new labeling. Am J Nephrol. 2011;34(6):491-495.

24. Vlavonou R, Perreault MM, Barriere O, et al. Pharmaco-
kinetic characterization of baclofen in patients with chronic kidney
disease: dose adjustment recommendations. J Clin Pharmacol.
2014;54(5):584-592.

25. Roberts JK, Westphal S, Sparks MA. Iatrogenic baclofen
neurotoxicity in ESRD: recognition and management. Semin Dial.
2015;28(5):525-529.

26. Kochak GM, Rakhit A, Wagner WE, Honc F, Waldes L,
Kershaw RA. The pharmacokinetics of baclofen derived from
intestinal infusion. Clin Pharmacol Ther. 1985;38(3):251-257.

27. Shellenberger MK, Groves L, Shah J, Novack GD.
A controlled pharmacokinetic evaluation of tizanidine and baclo-
fen at steady state. Drug Metab Dispos. 1999;27(2):201-204.

28. National Center for Biotechnology Information. PubChem
Compound Database; CID52284. https://pubchem.ncbi.nlm.nih.
gov/compound/2284. Accessed March 25, 2017.

29. Gerkin R, Curry SC, Vance MV, Sankowski PW,
Meinhart RD. First-order elimination kinetics following baclofen
overdose. Ann Emerg Med. 1986;15(7):843-846.

30. Kowalski P, Chmielewska A, Konieczna L, Oledzka I,
Zarzycki PK, Lamparczyk H. The bioequivalence study of bac-
lofen and Lioresal tablets using capillary electrophoresis. Biomed
Chromatogr. 2004;18(5):311-317.

31. Faigle JW, Keberle H. The chemistry and kinetics of
Lioresal. Postgrad Med J. 1972;48(suppl 5):9-13.

32. Wuis EW, Dirks MJ, Vree TB, Van der Kleijn E. Phar-
macokinetics of baclofen in spastic patients receiving multiple oral
doses. Pharm Weekbl Sci. 1990;12(2):71-74.

33. Perry HE, Wright RO, Shannon MW, Woolf AD. Baclofen
overdose: drug experimentation in a group of adolescents. Pedi-
atrics. 1998;101(6):1045-1048.

34. Leung NY, Whyte IM, Isbister GK. Baclofen overdose:
defining the spectrum of toxicity. Emerg Med Australas.
2006;18(1):77-82.

35. Sullivan R, Hodgman MJ, Kao L, Tormoehlen LM. Bac-
lofen overdose mimicking brain death. Clin Toxicol (Phila).
2012;50(2):141-144.

36. Ostermann ME, Young B, Sibbald WJ, Nicolle MW. Coma
mimicking brain death following baclofen overdose. Intensive
Care Med. 2000;26(8):1144-1146.
5

http://refhub.elsevier.com/S0272-6386(17)30846-6/sref3
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref3
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref4
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref4
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref4
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref5
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref5
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref5
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref6
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref6
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref6
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref7
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref7
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref7
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref8
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref8
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref8
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref8
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref9
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref9
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref9
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref9
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref10
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref10
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref10
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref10
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref11
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref11
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref11
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref11
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref15
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref15
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref15
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref16
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref16
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref16
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref17
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref17
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref17
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref17
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref18
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref18
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref18
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref19
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref19
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref19
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref19
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref20
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref20
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref20
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref21
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref21
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref21
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref22
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref22
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref22
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref23
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref23
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref23
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref24
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref24
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref24
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref24
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref25
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref25
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref25
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref26
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref26
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref26
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref27
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref27
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref27
https://pubchem.ncbi.nlm.nih.gov/compound/2284
https://pubchem.ncbi.nlm.nih.gov/compound/2284
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref29
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref29
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref29
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref30
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref30
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref30
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref30
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref31
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref31
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref32
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref32
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref32
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref38
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref38
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref38
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref39
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref39
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref39
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref40
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref40
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref40
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref41
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref41
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref41


Wolf et al
37. Deguchi Y, Inabe K, Tomiyasu K, Nozawa K, Yamada S,
Kimura R. Study on brain interstitial fluid distribution and blood-
brain barrier transport of baclofen in rats by microdialysis. Pharm
Res. 1995;12(12):1838-1844.

38. He Y, Brunstrom-Hernandez JE, Thio LL, et al. Population
pharmacokinetics of oral baclofen in pediatric patients with cere-
bral palsy. J Pediatr. 2014;164(5):1181-1188.e1188.

39. Dahlin PA, George J. Baclofen toxicity associated with
declining renal clearance after ibuprofen. Drug Intell Clin Pharm.
1984;18(10):805-808.

40. Aisen ML, Dietz M, McDowell F, Kutt H. Baclofen
toxicity in a patient with subclinical renal insufficiency. Arch Phys
Med Rehabil. 1994;75(1):109-111.

41. Hsieh MJ, Chen SC, Weng TI, Fang CC, Tsai TJ. Treating
baclofen overdose by hemodialysis. Am J Emerg Med. 2012;30(8):
1654.e1655-1654.e1657.

42. Cleophax C, Goncalves A, Chasport C, et al. Usefulness of
plasma drug monitoring in severe baclofen poisoning. Clin Toxicol
(Phila). 2015;53(9):923-924.

43. Megarbane B, Labat L, Decleves X. Is extracorporeal
treatment useful for managing severe baclofen poisoning? - The
debate is still open. Anaesth Crit Care Pain Med. 2016;35(2):
171-172.

44. Charifou Y, Martinet O, Jabot J, Gauzere BA, Allyn J,
Vandroux D. Baclofen intoxication cases in an intensive care unit.
Anaesth Crit Care Pain Med. 2016;35(2):169-170.

45. Ghose K, Holmes KM, Matthewson K. Complications of
baclofen overdosage. Postgrad Med J. 1980;56(662):865-867.
6

46. Peng CT, Ger J, Yang CC, Tsai WJ, Deng JF, Bullard MJ.
Prolonged severe withdrawal symptoms after acute-on-chronic
baclofen overdose. J Toxicol Clin Toxicol. 1998;36(4):359-363.

47. Alvis BD, Sobey CM. Oral baclofen withdrawal resulting
in progressive weakness and sedation requiring intensive care
admission. Neurohospitalist. 2017;7(1):39-40.

48. O’Rourke F, Steinberg R, Ghosh P, Khan S. Withdrawal
of baclofen may cause acute confusion in elderly patients. BMJ.
2001;323(7317):870.

49. Terrence CF, Fromm GH. Complications of baclofen
withdrawal. Arch Neurol. 1981;38(9):588-589.

50. Chou R, Peterson K, Helfand M. Comparative efficacy and
safety of skeletal muscle relaxants for spasticity and musculo-
skeletal conditions: a systematic review. J Pain Symptom Manage.
2004;28(2):140-175.

51. Chou R, Huffman LH; American Pain Society, American
College of Physicians. Medications for acute and chronic low back
pain: a review of the evidence for an American Pain Society/
American College of Physicians clinical practice guideline. Ann
Intern Med. 2007;147(7):505-514.

52. Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N,
Roth D. A more accurate method to estimate glomerular
filtration rate from serum creatinine: a new prediction equation.
Modification of Diet in Renal Disease Study Group. Ann Intern
Med. 1999;130(6):461-470.

53. Levey AS, Stevens LA, Schmid CH, et al; CKD EPI.
A new equation to estimate glomerular filtration rate. Ann Intern
Med. 2009;150(9):604-612.
Am J Kidney Dis. 2017;-(-):---

http://refhub.elsevier.com/S0272-6386(17)30846-6/sref42
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref42
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref42
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref42
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref43
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref43
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref43
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref44
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref44
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref44
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref45
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref45
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref45
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref46
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref46
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref46
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref47
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref47
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref47
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref48
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref48
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref48
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref48
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref49
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref49
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref49
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref50
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref50
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref51
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref51
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref51
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref52
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref52
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref52
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref53
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref53
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref53
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref54
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref54
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref55
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref55
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref55
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref55
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref56
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref56
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref56
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref56
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref56
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref57
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref57
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref57
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref57
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref57
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref58
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref58
http://refhub.elsevier.com/S0272-6386(17)30846-6/sref58

	Baclofen Toxicity in Kidney Disease
	Feature Editor:
	Advisory Board:
	Introduction
	Case Report
	Clinical History and Initial Laboratory Data
	Additional Investigations
	Diagnosis
	Clinical Follow-up

	Discussion
	Acknowledgements
	References


