
© 2015 Swick. This work is published by Dove Medical Press Limited, and licensed under Creative Commons Attribution – Non Commercial (unported, v3.0)  
License. The full terms of the License are available at http://creativecommons.org/licenses/by-nc/3.0/. Non-commercial uses of the work are permitted without any further 

permission from Dove Medical Press Limited, provided the work is properly attributed. Permissions beyond the scope of the License are administered by Dove Medical Press Limited. Information on 
how to request permission may be found at: http://www.dovepress.com/permissions.php

Nature and Science of Sleep 2015:7 159–169

Nature and Science of Sleep Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
159

R e v i e w

open access to scientific and medical research

Open Access Full Text Article

http://dx.doi.org/10.2147/NSS.S92140

Treatment paradigms for cataplexy in narcolepsy: 
past, present, and future

Todd J Swick1–4

1Department of Neurology, University 
of Texas School of Medicine-Houston, 
Houston; 2The Sleep Center at North 
Cypress Medical Center, Cypress; 
3Apnix Sleep Diagnostics, Houston; 
4Neurology and Sleep Medicine 
Consultants, Houston, TX, USA

Correspondence: Todd J Swick 
Neurology and Sleep Medicine 
Consultants, 7500 San Felipe, Suite 525, 
Houston, TX 77063, USA 
Tel +1 713 465 9282 
Fax +1 713 467 2954 
email tswick@houstonsleepcenter.com

Abstract: Cataplexy is defined as episodes of sudden loss of voluntary muscle tone triggered 

by emotions generally lasting ,2 minutes. Cataplexy is most commonly associated with and 

considered pathognomonic for narcolepsy, a sleep disorder affecting ∼0.05% of the general 

population. Knowledge of the pathophysiology of cataplexy has advanced through study of 

canine, murine, and human models. It is now generally considered that loss of signaling by 

hypothalamic hypocretin/orexin-producing neurons plays a key role in the development of 

cataplexy. Although the cause of hypocretin/orexin neuron loss in narcolepsy with cataplexy is 

unknown, an autoimmune etiology is widely hypothesized. Despite these advances, a literature 

review shows that treatment of cataplexy remains limited. Multiple classes of antidepressants 

have been commonly used off-label for cataplexy in narcolepsy and are suggested for this use in 

expert consensus guidelines based on traditional practice, case reports, and small trials. However, 

systematic research evidence supporting antidepressants for cataplexy is lacking. The single 

pharmacotherapy indicated for cataplexy and the guideline-recommended first-line treatment in 

Europe and the US is sodium oxybate, the sodium salt of gamma-hydroxybutyrate. Clinical trial 

evidence of its efficacy and safety in cataplexy is robust, and it is hypothesized that its thera-

peutic effects may occur through gamma-aminobutyric acid receptor type B-mediated effects 

at noradrenergic, dopaminergic, and thalamocortical neurons. Additional possible mechanisms 

for cataplexy therapy suggested by preliminary research include antagonism of the histamine 

H
3
 autoreceptor with pitolisant and intravenous immunoglobulin therapy for amelioration of the 

presumed autoimmune-mediated hypocretin/orexin cell loss. Further research and development 

of therapeutic approaches to cataplexy are needed.

Keywords: cataplexy, narcolepsy, treatment, sodium oxybate, antidepressants, emerging 

therapies

Cataplexy: definition and characteristics
Cataplexy is defined as episodes of sudden, transient loss of voluntary muscle tone 

(usually bilateral, but case reports have identified unilateral cases1) triggered by strong 

emotions. While laughter is the most typical trigger, other triggers include happiness, 

elation, fright, anger, startle, stress and, less frequently, pain and orgasm, although 

episodes may also occur spontaneously.2–4 Episodes are typically brief, generally last-

ing ,2 minutes, followed by rapid return of normal muscle tone/function, and range 

from mild or barely noticeable to severe, with complete postural collapse. While any 

or all voluntary muscles can be affected (with the exception of the diaphragm and the 

extraocular muscles of the eye), patients remain conscious and continue to breathe 

and to move their eyes.3 The most common manifestations are neck weakness, causing 
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head drop; partial or complete ptosis; facial weakness with 

sagging of the jaw with or without dysarthria; and trembling 

or buckling of the knees.2,5,6 Positive motor symptoms such 

as muscle twitching or small jerks of the face or limbs also 

occur, sometimes contributing to misdiagnosis.2,5 Patients 

typically sense the onset of an episode, allowing them to sit 

or brace themselves before its occurrence, thus reducing the 

risk of injury, although in one survey, up to half of patients 

reported some kind of injury from their cataplexy.2 Duration 

of a cataplectic attack generally lasts from a few seconds to 

several minutes. However, more commonly after the abrupt 

discontinuation of antidepressant medication (tricyclic anti-

depressants [TCAs], serotonin reuptake inhibitors [SSRIs], or 

serotonin-norepinephrine reuptake inhibitor [SNRI]), attacks 

of cataplexy typically are more frequent and/or more intense 

(rebound phenomena) and can last up to several hours, at 

which time they are designated as status cataplecticus.7,8 

Frequency of episodes is variable, ranging from ,1 episode 

per year to several per day, but most patients have several 

episodes per week.2,5,6,9

Narcolepsy with cataplexy is a sleep disorder that is tra-

ditionally characterized by a symptom pentad that includes, 

in addition to cataplexy, excessive daytime sleepiness (EDS), 

sleep paralysis, hypnagogic hallucinations, and disrupted 

nighttime sleep.10 Narcolepsy with cataplexy is estimated to 

affect 0.03% to 0.05% of the general population,11 and onset 

occurs typically in childhood or adolescence.6,12 Although 

EDS is present in all patients with narcolepsy and is often 

the initial presenting symptom, cataplexy occurs in ∼70% 

of patients;3,13 cataplexy is considered pathognomonic for 

narcolepsy and after sleepiness is the primary behavioral 

marker.

The third edition of the International Classification of 

Sleep Disorders (ICSD-3) classifies narcolepsy as either 

type 1 or type 2, with the presence of cataplexy incorpo-

rated into the definition of type 1.13 Type 1 narcolepsy is 

formally defined in the ICSD-3 as EDS that persists for 

$3 months with “positive” electrophysiological sleep 

studies that includes the finding of an average sleep-onset 

latency #8 minutes on the MSLT following a nocturnal 

polysomnogram that was negative for any comorbid sleep 

disorders, and two or more sleep-onset rapid eye movement 

(REM) periods on the MSLT (one of these sleep-onset 

REM periods may come from the preceding nocturnal 

polysomnogram) with clear historic evidence of cataplexy 

or low or absent levels of hypocretin/orexin in cerebrospi-

nal fluid (CSF) along with the “positive” sleep studies.13 

Hypocretin-1 and hypocretin-2, also called orexin A and 

orexin B, respectively, are peptide neurotransmitters that 

facilitate wakefulness and enhance arousal mechanisms as 

well as stabilizing REM and non-REM sleep states.14,15 Type 

2 narcolepsy, or narcolepsy without cataplexy, is defined 

as EDS persisting for $3 months, a positive result on the 

polysomnogram/Multiple Sleep Latency Test (MSLT), and 

normal or mildly decreased CSF hypocretin/orexin levels; 

hypocretin-1 is more stable than hypocretin-2 and thus is the 

peptide that is measured in CSF as a neurochemical marker 

of narcolepsy.13

Although cataplexy is often absent as an early symptom 

of narcolepsy in children, retrospective data suggest that chil-

dren with narcolepsy who initially present without cataplexy 

will likely develop cataplexy within 1 year of EDS onset.16–18 

Additionally, the initial presenting cataplexy phenotype in 

children can differ from the presentation commonly seen 

in adults.16,19,20 Relative to the exclusive loss of voluntary 

muscle tone in adults, early manifestations of cataplexy in 

children may variously include both hypotonia and abnor-

mal movements, with prominent facial involvement (often 

referred to as “cataplectic facies”), including partial ptosis, 

masked-like facies with jaw slackening, facial grimaces, 

and perioral and tongue movements/protrusion all with or 

without dysarthria.16,19,20 Furthermore, chorea-like or dystonic 

movements, gait disturbances, and complete falls can occur 

spontaneously without apparent emotional triggers.16,19,20

Cataplexy or cataplexy-like symptoms have been 

observed in other conditions including Niemann–Pick type C 

disease, Prader–Willi syndrome, Coffin–Lowry syndrome, 

Moebius syndrome, Norrie disease, and Wilson’s disease.21–28 

Although some of these conditions may also be accompanied 

by sleep disorders and hypocretin/orexin deficiency,29–31 they 

are characterized by distinct features including other specific 

neurological deficits or mental/cognitive changes, or both, 

such that there is little overlap in diagnosis with narcolepsy 

with cataplexy.

Pathophysiology of narcolepsy  
with cataplexy
Role of hypocretin/orexin in narcolepsy
Located in the posterolateral hypothalamus, hypocretin/orexin 

neurons project to almost all brain areas and play critical roles 

in regulation of the sleep/wake cycle, as well as metabolism, 

feeding, reward, mobility, and autonomic tone (Figure 1).32–36 

Hypocretin/orexin neurons innervate noradrenergic, dop-

aminergic, serotonergic, histaminergic, and cholinergic brain 

regions and directly excite these neurons, as well as regulate 

release of glutamate and other neurotransmitters (Figure 2A 

www.dovepress.com
www.dovepress.com
www.dovepress.com


Nature and Science of Sleep 2015:7 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

161

Cataplexy treatment review

and B).34,37–39 Studies of neuronal sleep regulation in murine 

and other animal models have shown that hypocretin/orexin 

neurons discharge during wakening, promoting wakefulness 

and the return of postural muscle tone, and virtually cease 

discharge during sleep; their activity appears to suppress 

cortical deactivation and muscle atonia.40,41

The discovery that loss of signaling by these hypotha-

lamic neuropeptides is the presumptive cause of narcolepsy 

in humans, dogs, and mice has been a major advance in our 

understanding of the regulation of sleep and wakefulness 

along with the control of REM-on and REM-off states.37,42–44 

While the underlying pathologic changes resulting in this loss 

of signaling are different among the models, genetic muta-

tion of the gene encoding the hypocretin-2 protein in dogs,42 

knockout of genes encoding hypocretin receptors in mouse 

models,43 and selective loss of hypocretin neurons likely due 

to an autoimmune response in humans,44 the manifestations 

resulting from the loss of hypocretin signaling support this 

loss as the pathophysiologic basis of narcolepsy.

Narcolepsy with cataplexy is typically associated with the 

loss of 90% or more of hypocretin/orexin-producing neurons 

with low or undetectable CSF hypocretin-1/orexin A levels.34 

A CSF hypocretin/orexin level below 110 pg/mL is consi-

dered diagnostic for type 1 narcolepsy,13 but a standard test for 

hypocretin/orexin is not available for general use in the clinical 

setting. Most patients with narcolepsy without cataplexy have 

CSF hypocretin/orexin levels in the normal range, although a 

reduced hypocretin/orexin concentration in this subgroup of 

patients is associated with worse narcolepsy symptoms than 

in patients with higher levels.17 Mouse models suggest that 

cataplexy occurs when loss of hypocretin/orexin-producing 

neurons is ∼95%, whereas early narcolepsy traits such as sleep 

fragmentation/disturbance and reduced wakefulness were 

observed even at low levels of neuronal destruction.36,45 Such 

a relationship was further supported by a case study suggesting 

that cataplexy may be on a narcolepsy spectrum that results 

from a decremental loss of hypocretin/orexin.46

Thalamus NE
5-HT

Ach

DA

Hypocretin/orexin

HA
Ach,
GABA

Figure 1 Hypocretin/orexin neuron innervation.
Notes: Hypocretin/orexin neurons project throughout the brain to promote 
and maintain wakefulness, and regulate multiple other physiological functions. 
Hypocretin/orexin neurons in the lateral hypothalamus project to the major arousal-
promoting nuclei, including neurons producing HA (tuberomammillary nucleus), Ne 
(eg, locus coeruleus), 5-HT (eg, dorsal raphe), DA (eg, ventral tegmental area), and 
Ach (eg, basal forebrain, pedunculopontine, and laterodorsal tegmental nuclei). The 
hypocretin/orexin neurons provide direct, excitatory inputs to the cortex, thalamus, 
and spinal cord. in addition, the hypocretin/orexin neurons may be autoexcitatory.
Republished with permission of Society for Neuroscience, from Narcolepsy: neural 
mechanisms of sleepiness and cataplexy, Burgess CR, Scammell Te, volume 32, 
edition 36, 2012; permission conveyed through Copyright Clearance Center, inc.34

Abbreviations: 5-HT, 5-hydroxytryptamine (serotonin); Ach, acetylcholine; DA, 
dopamine; GABA, gamma-aminobutyric acid; HA, histamine; Ne, norepinephrine.

A

Normal
muscle tone

NE, 5-HT

vlPAG/
LPT

SLD

MM

Spinal
interneuron

Motor
return

Hypocretin/orexin

B

Cataplexy

NE, 5-HT

Ach

vlPAG/
LPT

SLD

MM

Spinal
interneuron

Motor
return

Hypocretin/orexin

Amygdala

Figure 2 Atonia pathways triggering cataplexy.
Notes:  (A) Several pathways suppress atonia during normal wakefulness. The 
hypocretin/orexin neurons are active during waking, and they help maintain 
normal muscle tone by exciting neurons in the v1PAG/LPT, monoamine neurons, 
and motor neurons. (B) in narcolepsy, loss of the hypocretin/orexin neurons plus 
strong, positive emotions can trigger cataplexy. Positive emotions may activate 
neurons in the amygdala that excite the SLD and inhibit the vlPAG/LPT. The SLD 
may also be activated by cholinergic inputs and a sudden withdrawal of monoamine 
tone. The SLD then excites neurons in the MM and spinal cord that strongly 
hyperpolarize motor neurons, resulting in cataplexy. Normally, the many effects 
of the hypocretin/orexin system and a continued monoaminergic drive to the pons 
and directly to motor neurons would counter this triggering of atonia, but in the 
absence of hypocretin/orexin, these excitatory drives are lost and cataplexy occurs. 
Solid pathways from filled nuclei are active; dashed pathways from unfilled nuclei are 
inactive. Green pathways are excitatory; brown pathways are inhibitory.
Adapted with permission of Society for Neuroscience, from Narcolepsy: neural 
mechanisms of sleepiness and cataplexy, Burgess CR, Scammell Te, volume 32, 
edition 36, 2012; permission conveyed through Copyright Clearance Center, inc.34

Abbreviations: 5-HT, 5-hydroxytryptamine (serotonin); Ach, acetylcholine; 
LPT, lateral pontine tegmentum; MM, medial medulla; Ne, norepinephrine; 
SLD, sublaterodorsal nucleus; vlPAG, ventrolateral periaqueductal gray.
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Although the etiopathogenesis of the destruction of these 

hypocretin/orexin-producing neurons has not been fully elu-

cidated, it appears to result from a process selective for these 

neurons rather than generalized neuronal degeneration.37,47 

A widely held hypothesis is that autoimmune processes 

contribute to the pathogenic mechanisms.47,48 Support for 

autoimmune mechanisms also comes from the observed 

association of narcolepsy with specific genotypes, including 

the human leukocyte antigen HLA-DQB1*06:02, which is 

found in ∼95% of patients with what is currently classified 

as type 1 narcolepsy, 41% of patients with type 2, and only 

18%–35% of the general population.49 An observed associa-

tion between T-cell receptor variants and loss of hypocretin/

orexin-producing neurons further supports the autoimmune 

hypothesis,50,51 as do the reports of narcolepsy onset associ-

ated with seasonal Streptococcus infections, H1N1 influenza, 

and H1N1 vaccination in individuals with genetic predisposi-

tion to induction of autoimmune events. While researchers 

have yet to definitively determine the specific autoimmune 

mechanisms involved, a nucleoprotein that is present in both 

the H1N1 virus and the Pandemrix H1N1 vaccine has been 

identified that cross-reacts with the hypocretin receptor 2.52 

The additional finding of a possible immune response to the 

hypocretin-2 receptor after the Pandemrix H1N1vaccine 

in DQB1*0602-positive narcoleptic patients supports the 

autoimmune hypothesis.52

Neurological pathways of cataplexy
Investigations of the neurophysiology of cataplexy have 

included studies in humans and animal models (ie, dogs and 

mice; Table 1). The “REM sleep disassociation hypothesis” 

suggests that cataplexy and sleep paralysis are dysregu-

lated manifestations, or intrusions into the waking state, of 

the skeletal muscle motor inhibition that normally occurs 

during REM sleep to prevent the acting out of dreams, 

while diaphragmatic breathing and extraocular muscles 

remain functional.9 Indeed, studies in dogs and humans 

have suggested that brainstem circuitry is similar in both 

REM sleep and cataplexy episodes.53,54 However, this does 

not fully address the triggering of cataplexy by emotional 

stimulation, and this mechanism has also been an area of 

investigation and source of alternative hypotheses.55–58

Cataplectic atonia is caused by inhibition of skeletal 

motor neuron activity and absence of deep tendon reflexes 

and the loss of the monosynaptic Hoffman reflex,56 which 

results from increased inhibitory and reduced excitatory 

signaling of motor neurons in the brain and spinal cord.34,59,60 

Notably, loss of Hoffman reflex activity is common to cata-

plexy, laughter, and REM sleep.56 Neurochemically, cataplexy 

is triggered by cholinergic activation and deactivation of 

monoaminergic systems primarily in the brainstem, espe-

cially those of adrenergic pathways, which may be caused 

by an imbalance of monoamines and acetylcholine.55,59 This 

inhibitory mechanism is characterized by intense activation of 

gamma-aminobutyric acid (GABA)–releasing neurons in the 

medial medulla and central nucleus of the amygdala, which, 

in turn, inhibits noradrenergic neurons that maintain waking 

muscle tone such as those in the ventrolateral periaqueductal 

gray, lateral pontine tegmentum, locus coeruleus, and dorsal 

raphe.9,58,61 This action turns off release of noradrenaline 

Table 1 Cataplexy across species

Feature Human Mousea Dogb

Behavioral Postural collapse, jaw sagging,  
weak knees

Postural collapse, falling prone  
or onto their sides

Postural collapse, weakness

Level of consciousness Conscious, with memory of  
episode

Probably awake (response to  
visual stimuli intact)

Awake (response to visual stimuli 
intact)

Triggers Strong emotions, generally positive  
(eg, laughter, joking, elation), but  
can also be triggered by negative  
emotions (eg, pain, stress)

emotionally rewarding  
behaviors (eg, eating  
palatable food, running, social  
interaction)

emotionally rewarding behaviors 
(eg, eating palatable food, running, 
social interaction)

Duration of cataplectic episode Brief (seconds to minutes) Brief (seconds to minutes) Brief (seconds to minutes)
Cortical eeG Mixture of waking and ReM–sleep- 

like eeG
Mixture of waking and  
ReM–sleep-like eeG

Mixture of waking and ReM–sleep-
like eeG

Muscle tone Muscle paralysis or weakness; loss  
of eMG activity

Muscle paralysis or weakness;  
loss of eMG activity

Muscle paralysis or weakness; loss 
of eMG activity

Therapy Suppressed by monoamine  
reuptake blockers (eg,  
antidepressants) and GHB

Suppressed by monoamine  
reuptake blockers (eg,  
antidepressants) and GHB

Suppressed by monoamine reuptake 
blockers (eg, antidepressants) but 
no response to GHB

Notes: aHypocretin-/- mouse model; bdisruption of hypocretin-2. Adapted by permission from Macmillan Publishers Ltd: Nature Reviews Neurology. Dauvilliers Y, Siegel JM,  
Lopez R, Torontali ZA, Peever JH. Cataplexy – clinical aspects, pathophysiology and management strategy. Nat Rev Neurol. 2014;10(7):386–395. , copyright 2014.9

Abbreviations: eeG, electroencephalogram; eMG, electromyogram; GHB, gamma-hydroxybutyrate; ReM, rapid eye movement.
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to motor neurons (both alpha-motor neurons and spinal 

interneurons), leading to their reduced activity with emer-

gence of cataplectic atonia.9,34 It has also been suggested 

that the emotionally-induced cataplectic atonia may result 

from glutamatergic excitatory activation of neurons in the 

sublaterodorsal tegmental nucleus, which generally regulate 

muscle atonia during REM sleep;62 in normal individuals, 

that is, those with normal hypocretin levels, this excitation 

during waking would be blocked by a hypocretin-mediated 

GABAergic effect. Other brain regions involved in the neural 

circuitry of cataplexy may also include basal forebrain, hypo-

thalamus, and limbic structures, although the precise roles of 

these regions are yet to be fully elucidated.34,57,58,63

Cataplexy treatment
Clinical management of cataplexy is limited by etiological 

uncertainty as well as by challenges in the clinical identifica-

tion and diagnosis of the underlying narcolepsy; diagnosis is 

often delayed by many years after initial symptom onset.64 In 

particular, there are no standard measures for identifying or 

assessing cataplexy, increasing the challenges not only of its 

identification but also of evaluation during treatment. Thus, 

the recognition of cataplexy has primarily been based on 

clinical interview and patient self-reports. With evaluation of 

cataplexy during clinical trials or in the clinical setting rely-

ing on patient recall and/or diaries, the manner of assessment 

often varies and may not always include a full description of 

frequency and severity. Although self-administered cataplexy 

questionnaires have been developed for eliciting information 

on occurrence,65,66 they may be limited by a high burden of 

administration (one of the validated questionnaires consists of 

51 questions65) and/or use only as a screening tool since their 

sensitivity to treatment effects has not been demonstrated. 

However, despite these challenges, the pharmacological 

management of cataplexy has a long history and a potentially 

promising future.

Pharmacological management:  
historical overview
Multiple classes of pharmacological agents have been used 

for treatment of narcolepsy, including stimulants, antide-

pressants, and hypnosedatives. The majority of these agents 

have not been rigorously tested for either safety or efficacy 

in cataplexy. Use of amphetamines was among the earliest 

approaches to narcolepsy treatment; they were first used for 

this purpose in 1935 based on their strong wake-promoting 

effects.67 Although these drugs have consistently been used 

and are generally considered effective for reducing EDS, 

their lack of efficacy for cataplexy was recognized early 

during their clinical use.68 Methylphenidate, with a similar 

mechanism of action and somewhat better safety profile 

compared with the amphetamines, has been widely used for 

narcolepsy since the 1950s,69 but also like the amphetamines, 

there have been no demonstrable effects vis-à-vis improve-

ment of cataplexy.

TCAs such as clomipramine, imipramine, desipramine, 

and protriptyline have been used as a therapeutic approach 

for narcolepsy for many years, and their efficacy for cataplexy 

was reported as early as 1960.70,71 Since then, evidence from 

case reports and small open-label studies has further sup-

ported their beneficial effects for improving cataplexy.72–77 It is 

important to note that these drugs have never been evaluated in 

larger and more formal randomized, placebo-controlled clini-

cal trials. Although the mechanism of action of these drugs for 

cataplexy remains unknown, it has been thought that it may 

be related to their augmentation of noradrenergic signaling 

and/or the relative suppression of REM sleep.78

Current therapeutic approaches
Treatment recommendations for cataplexy are included as 

part of the overall guidelines for the treatment of narcolepsy 

issued by the American Academy of Sleep Medicine79 and 

European Federation of Neurological Societies.80 Both of 

these guidelines recommend several drugs as being of poten-

tial benefit for the treatment of cataplexy, but only sodium 

oxybate is recommended as a first-line treatment for cataplexy 

based on high levels of evidence obtained from randomized 

controlled clinical trials. Sodium oxybate is indicated for 

the treatment of cataplexy associated with narcolepsy81 and 

is currently the only medication with such an indication. 

Additionally, both guidelines recommend sodium oxybate 

as a first-line therapy for treatment of EDS in narcolepsy,79,80 

for which it is indicated,81 and the American Academy of 

Sleep Medicine guidelines also recommend sodium oxybate 

as a standard treatment for disrupted sleep, although it is not 

approved by the US Food and Drug Administration or the 

European Medicines Agency for use for the treatment of this 

symptom. Both guidelines further suggest that sodium oxy-

bate be considered for hypnagogic hallucinations and sleep 

paralysis;79,80 as is the case for disrupted nighttime sleep, it is 

not specifically indicated for these symptoms, and the level 

of evidence is lower than for cataplexy and EDS.

As mentioned in the guidelines, the evidentiary basis 

for therapeutic alternatives to sodium oxybate for the treat-

ment of cataplexy is limited. Suggested alternatives include 

TCAs, particularly clomipramine, and newer antidepressants 
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such as SSRIs, the SNRI venlafaxine, and norepinephrine 

reuptake inhibitor reboxetine (not available in the US).79,80 

The monoamine oxidase type B inhibitor selegiline is also 

noted for its efficacy in cataplexy, although both guidelines 

warn of limitations due to its safety profile including the 

potential for drug and food interactions.79,80 The European 

guidelines identify TCAs as the most effective of the alterna-

tives to sodium oxybate for cataplexy, whereas the American 

guidelines do not state any general preferences among the 

second-line drug classes.

Overall, the currently available treatments for cataplexy 

act symptomatically, and there is no evidence suggesting that 

they target the hypocretin/orexin system (Table 2).82 Sodium 

oxybate, which is the sodium salt of gamma-hydroxybutyrate, 

was observed to induce REM sleep followed by an increase 

in slow-wave non-REM sleep and was subsequently 

investigated for the treatment of narcolepsy on the hypothesis 

that improvement of nocturnal sleep would reduce EDS and 

possibly other narcolepsy symptoms, including cataplexy.83,84 

Although the mechanism of action of sodium oxybate is 

unknown, it is hypothesized that its therapeutic effects on 

cataplexy and EDS are mediated through GABA type B 

(GABA
B
) activity, potentially impacting noradrenergic and 

dopaminergic neuronal function as well as that of thalamo-

cortical neurons.81,85 However, a clinical comparison with the 

prototypical GABA
B
 agonist baclofen (a racemic mixture of 

R- and S-isomers of baclofen) showed that while sodium 

oxybate reduced EDS and cataplexy, baclofen had no effect 

on these narcolepsy symptoms. These results suggest that 

the efficacy of sodium oxybate may derive from mechanisms 

more complex than direct GABA
B
 agonism.86,87

The mechanism of action of the antidepressants in nar-

colepsy with cataplexy is generally related to their ability to 

inhibit reuptake of monoamines,9,87,88 with a high correlation 

between receptor affinity and potency of antidepressants 

for their effects on cataplexy.89–91 The TCAs are nonspecific 

monoamine reuptake inhibitors with effects that promote the 

availability and activity of serotonin, noradrenaline and, for 

some agents, dopamine. The TCAs most commonly used in 

narcolepsy – clomipramine, imipramine, desipramine, and 

protriptyline – exert, in addition to monoamine reuptake 

inhibition, anticholinergic actions that may contribute to their 

effect on cataplexy but may also cause important side effects 

such as constipation, dry mouth, blurred vision, restless legs, 

and alterations in cardiac conduction.9,87 While inhibition of 

serotonin reuptake by SSRIs reduces cataplexy, very selec-

tive SSRIs such as escitalopram or fluoxetine are usually 

not as effective for cataplexy as venlafaxine, an SNRI that 

is used mainly because it has demonstrated a short onset of 

action.87 However, abrupt withdrawal of venlafaxine may 

precipitate rebound cataplexy.8 The monoamine oxidase type 

B inhibitor selegiline increases availability of the monoamine 

neurotransmitter dopamine, but its use is limited by poten-

tial side effects, as also noted in the narcolepsy treatment 

guidelines.89,90

As suggested by the high level of evidence used to support 

its recommendation as a first-line therapy, sodium oxybate 

has demonstrated efficacy for the treatment of cataplexy 

and other narcolepsy symptoms in multiple randomized 

controlled clinical trials.92–94 In particular, the median per-

cent decrease in the number of weekly cataplexy attacks 

was ∼70% after 4 weeks of treatment with 9 g per night, and 

no rebound cataplexy was observed in patients who had their 

Table 2 Commonly used anticataplectic medications and their 
pharmacological properties

Protriptyline Tricyclic antidepressant. Monoaminergic uptake 
blocker (Ne.5-HT.DA). Anticholinergic effects; all 
antidepressants have immediate effects on cataplexy, 
but abrupt cessation of treatment can induce very 
severe rebound in cataplexy.

Clomipramine Tricyclic antidepressant. Monoaminergic uptake 
blocker (5-HT.Ne..DA). Anticholinergic effects. 
Desmethylclomipramine (Ne..5-HT.DA) is an active 
metabolite. No specificity in vivo.

venlafaxine Specific serotonin and adrenergic reuptake blocker 
(5-HT$Ne); very effective but some nausea and 
gastric upset. May have less sexual side effects than 
other antidepressants. Slightly stimulant, short half-life, 
extended-release formulation preferred.

Duloxetine Similar to venlafaxine, but more potent and longer half-
life. Rare hepatotoxicity.

Atomoxetine Specific adrenergic reuptake blocker (NE) normally 
indicated for attention deficit hyperactivity disorder. 
Slightly stimulant, short half-life, and reduces appetite.

Fluoxetine Specific serotonin uptake blocker (5-HT..Ne = DA). 
Active metabolite norfluoxetine has more adrenergic 
effects. High therapeutic doses are often needed.

Sodium  
oxybate

May act via GABAB or specific GHB receptors. Reduces 
DA release at pharmacologic doses with falloff in serum 
concentration; there may be augmentation in DA synaptic 
accumulation with increased DA release with return to 
normal CNS GHB levels. Need at minimum twice nightly 
dosing with immediate effects on disrupted nighttime 
sleep; therapeutic effects on cataplexy and daytime 
sleepiness can be delayed weeks to months. Nausea, 
weight loss, and psychiatric complications are possible 
side effects. As with any CNS depressant, use with 
caution in the presence of hypoventilation or sleep apnea.

Notes: Adapted from Mignot eJ. A practical guide to the therapy of narcolepsy and 
hypersomnia syndromes. Neurotherapeutics. 2012;9(4):739–752.
Abbreviations: 5-HT, 5-hydroxytryptamine (serotonin); CNS, central nervous 
system; DA, dopamine; GABAB, gamma-aminobutyric acid receptor type B; GHB, 
gamma-hydroxybutyrate; Ne, norepinephrine.
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sodium oxybate abruptly discontinued.93,94 Long-term studies 

showed that these effects on cataplexy were maintained for 

12 months and up to 4 years.95,96 Two systematic reviews 

and meta-analyses of sodium oxybate provided further sup-

port for the robustness of its efficacy for reducing cataplexy 

episodes, with the greatest effects observed at the highest 

dose of 9 g per night.97,98 These meta-analyses also reported 

that sodium oxybate was generally well tolerated, with most 

adverse events of mild-to-moderate severity. Furthermore, 

a retrospective analysis of sodium oxybate in a pediatric 

population suggested that in children and adolescents 

aged 4 through 16 years, treatment significantly reduced the 

median frequency of cataplexy episodes from 38 per week 

to ,1 per week (n=14; P,0.001) and reduced cataplexy 

severity relative to baseline (P,0.001; sodium oxybate is 

not indicated for use in patients ,18 years old).99 It should 

also be noted that sodium oxybate has the potential for seri-

ous adverse effects (eg, central nervous system depression, 

abuse/misuse, respiratory depression and sleep-disordered 

breathing, depression and suicidality, other behavioral/

psychiatric adverse reactions, and parasomnias)81 and when 

used at higher than therapeutic doses, whether accidentally 

or intentionally, it can lead to acute or fatal intoxication.100

In contrast to sodium oxybate, randomized controlled 

trials evaluating antidepressants for narcolepsy are sparse. 

A 2008 Cochrane Database System Review of the effects 

of antidepressant drugs on narcolepsy symptoms, includ-

ing cataplexy, found only three crossover and two parallel 

trials of “unclear” methodological quality, resulting in the 

conclusion that there is “scarce evidence” that antidepres-

sants have a positive effect on cataplexy.101 Although there 

have not been any additional, more formal evaluations of 

these drugs for cataplexy, or indeed for narcolepsy in gen-

eral, TCAs continue to be used off-label for cataplexy on 

the basis of historical precedent, anecdotal evidence from 

case reports, and guideline suggestions of their potential 

efficacy. Off-label use of other antidepressants (SSRIs and 

SNRIs) for cataplexy is similarly based primarily on case 

reports102–106 and their listing in guidelines.79,80 The well-

recognized side effects associated with antidepressants 

must also be considered, including anticholinergic effects of 

TCAs, as noted above, sexual dysfunction, and exacerbation 

of other sleep disorders caused by most antidepressants of 

all classes.106–108 Although onset of action in cataplexy is 

rapid, rebound cataplexy, which can be dramatic and rapid, 

has been observed to occur with cessation of these treat-

ments, occurring as early as the day following treatment 

interruption.7,8,109,110

Ongoing clinical cataplexy  
treatment research
Histamine H3-receptor antagonism using direct 
receptor antagonists or inverse agonists
In addition to the catecholamines, tuberomammillary his-

taminergic neurons play a crucial role in maintenance of 

wakefulness but remain active during cataplexy, helping to 

preserve consciousness.34,111 Indeed, these neurons appear 

to be increased in narcolepsy, perhaps as a compensatory 

response to hypocretin/orexin loss and the resulting deficit in 

excitatory adrenergic drive.112 Pitolisant is an inverse agonist 

of the histamine H
3
 autoreceptor, which theoretically reduces 

H
3
 inhibitory activity below basal rates and thereby functions 

more effectively than H
3
 antagonists to activate histaminer-

gic neuronal activity in the brain and promote wakefulness. 

While it reduced EDS in patients with narcolepsy in a small 

clinical trial,113 a post hoc analysis of another clinical trial 

reported that pitolisant for 8 weeks resulted in statistically 

significant reductions in the rate of cataplexy from baseline 

compared with placebo (P,0.05) and was not “noninferior” 

relative to modafinil in terms of improvement in daytime 

sleepiness.114 Pitolisant was also shown to slightly improve 

cataplexy severity and frequency in a case series of four 

teenagers with narcolepsy.115 The mechanism by which 

pitolisant may have positive effects on cataplexy is not clear 

since histaminergic activity is maintained during cataplexy 

and likely contributes to maintenance of wakefulness dur-

ing these events.111 Nevertheless, based on the preliminary 

results, a Phase III, randomized, controlled trial was initiated 

to specifically evaluate the effects of pitolisant on cataplexy 

as a primary outcome compared with placebo (ClinicalTrials.

gov identifier NCT01800045).

Hypocretin/orexin replacement therapy
Compensating for hypocretin/orexin deficiency through the 

use of hypocretin/orexin peptide supplementation or cell 

replacement therapies may provide a rational approach to 

narcolepsy with cataplexy therapy.82 Potential techniques 

include delivery of hypocretin/orexin peptides via intranasal, 

intravenous, intracisternal, or intracerebroventricular modes; 

use of prodrugs or agonists; or by genetic engineering or cell 

replacement techniques.82 While these techniques are still in 

their early stages of development, the few available human 

studies have shown potential benefits for sleep and wakeful-

ness, but the effects on cataplexy were not evaluated.116,117 

However, in a canine model of narcolepsy, repeated systemic 

administration of hypocretin-1/orexin-A consolidated waking 

and sleeping periods and abolished cataplexy completely for 
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periods of $3 days.118 Further evaluation of these techniques 

may confirm the benefits of this therapeutic approach and 

may also provide insight into the underlying mechanisms of 

narcolepsy and cataplexy.

GABAB agonist
Baclofen, a GABA

B
 agonist that has been suggested to 

improve nighttime sleep in patients with several neurologi-

cal conditions including narcolepsy, has not demonstrated 

efficacy for cataplexy or EDS associated with narcolepsy.86 

However, a more recent study in a mouse model of nar-

colepsy showed that R-baclofen, an enantiomer with a 

three-fold higher affinity for GABA
B
 receptors than the 

clinically available racemate, had greater efficacy than 

placebo in reducing cataplexy-like activity and non-REM 

sleep disturbances.119 Further research is needed to determine 

if these observations translate into clinical benefits for the 

treatment of cataplexy.

immunomodulation
The autoimmune hypothesis of narcolepsy with cataplexy 

provides a rationale for use of immunomodulation therapy,82 

which is exemplified by experimental use of intravenous 

immunoglobulin therapy, although it has only been evaluated 

in case studies in adults and children.120–128 While benefits 

were not consistently demonstrated in all studies, several 

studies did report that, if administered shortly after disease 

onset, intravenous immunoglobulin therapy may be effec-

tive in reducing narcolepsy symptoms including cataplexy 

and may have long-term benefits.123–127 These initial results 

suggest that further, more formal evaluation of intravenous 

immunoglobulin may be warranted.

In summary, despite advances in our knowledge of nar-

colepsy, treatment of cataplexy remains challenging. Only 

one medication, sodium oxybate, has been approved, has a 

high level of evidence of sustained efficacy for the treatment 

of cataplexy, and should be considered a first-line therapy. 

Other drugs, such as antidepressants, some of which have 

been traditionally used for narcolepsy with cataplexy for 

more than 50 years, still lack adequate evidence supporting 

their use, especially for chronic treatment of cataplexy. While 

formal studies can more clearly evaluate their efficacy and 

characterize those patients for whom they may be appropri-

ate, they remain important components of treatment and 

should be considered as second-line therapy. The limited 

availability of treatment options for cataplexy suggests a 

need for development and evaluation of new approaches to 

the management of cataplexy. Ideally, drugs are needed that 

target cataplexy as well as other narcolepsy symptoms while 

maintaining an acceptable tolerability profile.
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