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Abstract The spectrum of neuropsychiatric phenomena observed in amyotrophic lateral
sclerosis (ALS) is wide and not fully understood. Disorders of laughter and crying
stand among the most common manifestations. The aim of this study is to report the
results of an educational consensus organized by the Brazilian Academy of Neurology
to evaluate the definitions, phenomenology, diagnosis, and management of the
disorders of laughter and crying in ALS patients. Twelve members of the Brazilian
Academy of Neurology - considered to be experts in the field - were recruited to answer
12 questions about the subject. After exchanging revisions, a first draft was prepared. A
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INTRODUCTION

A wide variety of neuropsychiatric disorders have been
recognized in amyotrophic lateral sclerosis (ALS) patients
with and without dementia.1 Language, executive dysfunc-
tion, and the disorders of laughter and crying (DLC) are the
most prevalent disturbances described.2

The DLC are characterized by complex phenomenology
and still not fully understood. They are frequent in several
neurological conditions, especially after stroke and ALS.3

Feelings are considered as mental experiences that accom-
pany body states, while emotions are action programs
triggered by external stimuli, complicated patterns of chem-
ical-neural responses responsible for maintenance of life.4 In
ALS, pseudobulbar affect is traditionally considered to be a
disorder of emotional expression, although recent evidence
also demonstrates abnormal feeling processing.5,6 However,
several authors use the term emotion for both the subjective

and objective responses.7,8 Herein, we will present a con-
sensus about DLC in ALS patients.

METHODS

A group of 12 Brazilian neurologists, members of the
ALS/MND Scientific Department of the Brazilian Academy
of Neurology and considered to be representative experts on
the subject, was formed to discuss the definitions, phenom-
enology, diagnosis, and management of the disorders
of laughter and crying in ALS patients. The consensus
attempted to serve as an educational tool for neurologists
from the Brazilian Academy of Neurology.

On 4/2022, an invitation letter was sent to the 12 panel-
ists. After acceptance, the coordinator emailed 12 questions
and assigned one specific question to each panelist. Each
participant also received a list of papers generated by a
PubMed search with the key words ALS, Motor Neuron

face-to-face meeting was held in Fortaleza, Brazil on 9.23.22 to discuss it. The revised
version was subsequently emailed to all members of the ALS Scientific Department
from the Brazilian Academy of Neurology and the final revised version submitted for
publication. The prevalence of pseudobulbar affect/pathological laughter and crying
(PBA/PLC) in ALS patients from 15 combined studies and 3906 patients was 27.4%
(N¼1070), ranging from 11.4% to 71%. Bulbar onset is a risk factor but there are limited
studies evaluating the differences in prevalence among the different motor neuron
diseases subtypes, including patients with and without frontotemporal dementia. Anti-
depressants and a combination of dextromethorphan and quinidine (not available in
Brazil) are possible therapeutic options. This group of panelists acknowledge the multiple
gaps in the current literature and reinforces the need for further studies.
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Disease (MND), Emotional Incontinence (EI), Involuntary
Emotional Expression Disorder (IEED), Pseudobulbar Affect
(PBA), Emotional Lability, and Pathological Laughter and
Crying (PLC), comprising a total of 366 papers (search con-
ducted on 5/16/2022). Each panelist was allowed to consult
additional common web-based search engines. After one
month, the consensus coordinator collected and reviewed
the initial texts written by each participant and proposed
corrections, reviewed by each participant. A first draft was
emailed and after revision by all participants, a second draft
was written and emailed to each participant. On 9/23/2022,
during the Brazilian Congress of Neurology, the 12 panelists
got together in the city of Fortaleza to discuss the controver-
sial points and vote for the final set of the recommendations.
A final draft was sent for review to all members of the
Scientific Department of ALS/MND of the Brazilian Academy
of Neurology. One month later, the panelists held an online
meeting and voted for the final text.

RESULTS

What is the spectrum of neuropsychiatric phenomena
in ALS patients?
Although considered to be primarily a disease of the motor
system, cognitive and behavioral changes were reported in
ALS patients after Charcot’s landmark description, in the last
part of the XIX century.9 The association between ALS and
frontal lobe dysfunction was credited to Von Braunmuhl,
1932.1,10

ALS is currently recognized as a multisystem disorder.
The spectrum of neuropsychiatric changes in ALS is wide
and varies according to disease subtypes, reaching the
maximum degree of abnormality in the overlap with Fron-
totemporal Dementia (FTD). In 2017, the ALS Society of
Canada sponsored an international consensus to revise the
Strong diagnostic criteria for frontotemporal dysfunction in
ALS.11 The consensus highlighted theheterogenous phenom-
enology affecting over half of ALS patients, expanding the
idea of a frontotemporal spectrum disorder of ALS (ALS-
FTSD) to: pure motor ALS, ALS with FTD, behavior or cogni-
tive dysfunction not sufficient to meet dementia diagnosis
but sufficient to be detected (ALS behavior impairment-
ALSbi or ALS cognitive impairment- ALSci), and a small
amount of ALS dementia not typical of FTD (ALS dementia).
The following neuropsychological domains are affected in
ALS patients:

• Executive and social cognition dysfunction: impairment
of verbal and letter fluency, difficulty in reasoning, coor-
dinating rules, mental heuristics, abnormal emotional
processing, reduced capacity to recognize facial expres-
sions and understanding social situations;

• Language dysfunction: difficulties in word retrieval, sen-
tence processing, spoken and pragmatic language;

• Memory impairment: isolated memory deficits do not
meet the criteria for ALSci. Memory deficits are variable
and a guide range of deficits has been reported, most
delayed verbal memory;

• Behavioral/neuropsychiatric symptoms: apathy is the
most common behavior symptom, affecting up to 70% of
ALS patients. Disinhibition, egocentric behavior, persev-
erative and stereotyped behavior, and change of dietary
habits are less common than apathy.

Lastly, the disturbances of emotional expression are a
significant hallmark of ALS dysfunction and will be the
central focus of the present consensus.

Registry-based research has detected a high rate of psy-
chiatric disease in ALS.12 Depression, neurotic disorders,
schizophrenia, history of drug abuse or dependence were
associated with increased risk for ALS.12 Depression may
affect 27–41% of the ALS patients.12 Anxiety and adjustment
disorders are also common (⅓),12 including increased rates
of suicide especially in the early stages in some
populations.13

What are the different terminologies, definitions and
subtypes of the DLC?
Laughter and crying are considered abnormal when inap-
propriate, uncontrollable and/or continuous.14 The DLC
attracted the curiosity of physicians, scientists, and phi-
losophers since ancient times.14,15 Charles Darwin pointed
out that “certain brain diseases, such as hemiplegia, brain
loss, and senile decay, have a special tendency to induce
crying”16. During the late XIX and XX centuries, several
terms were used to describe abnormalities of laughter and
crying. Epileptic episodes associated with laughter are
labeled as gelastic seizures (from the Greek gelos, referring
to a Greek god or daimon, personification of laughter).
More rarely, seizure episodes associated with crying are
called dacrystic seizures (from the Greek word dakryon
for tear). Laughter marking the onset of an apoplectic
event, usually a stroke, was first described in 190317 and
labeled as “fou rire prodromique” (prodrome of crazy
laughter) while acute crying episodes in the setting of
strokes “folles larmes prodromiques” (crazy prodrome of
weeping).

For patients with a chronic disorder, such as ALS, the
simple facilitation of laughter and crying is known as: EI,
pathological emotionality, emotionalism, “Affektinkonti-
nenz.” They all refer to enhancement of laughter and crying,
with variable degree of usage by different authors for the
description of associated experiential aspects of the emotion
itself. Rires et pleurs spasmodiques (spasmodic laughter and
crying) was one of the oldest terms employed to describe
laughter and crying deprived of emotion. Wilson proposed
the classic term PLC with the same meaning as rires et pleurs
spasmodiques.18

Oppenheim is credited for first using the term PBA19 to
highlight the motor alterations of pseudobulbar palsy (bilat-
eral corticobulbar tract impairment). However, the term PBA
can bemisleading.5,20 Recent evidence suggests that cortico-
bulbar tract dysfunction alone is neither necessary nor
sufficient to cause PLC.21 Cummings and other authors
have proposed the term IEED to replace PBA and PLC.4 The
belief is that IEED is less pejorative for patients, containing a
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description of phenomenology and avoiding conceptual
confusion between affect and mood.

What are the clinical features of the DLC in ALS
patients?
The disturbances of emotional expression and processing are
common in ALS patients. ALS patients may be more likely to
laugh or cry either spontaneously or after minor emotional
stimuli. This exaggerated emotional expression pattern is
classically known as EI. It has been observed in several
neurological disorders and reported to be common in
stroke patients as early as in 1895 by Edouard Brissaud.15

S.K. Wilson was one of the first to also report that patients
with ALS also laugh or cry under stimulation with a
stimulus of opposite valence, e.g., cry after experiencing a
happy experience or laugh under sad circumstances
(PLC).18 In addition to this pattern of abnormalities, evi-
dence from laboratory evaluations has documented that
patients with ALS also exhibit abnormal processing of
emotional stimuli.5,6 Contrary to prior views, episodes of
uncontrollable laughter and crying were most frequently
associated with experience of emotional distress, support-
ing the idea that they were associated with enhanced
activation of all channels of emotional response (emotional
hyperactivity due to dysfunction of neural systems that
control voluntary regulation of emotion). In most cases, the
triggers for episodes of laughter and crying were the same
as the thoughts and stimuli that could induce crying and
laughter in anyone, but they led to rapidly developing high
intensity, uncontrollable bursts.5,6 Laughter episodes had a
greater tendency to occur without an obvious precipitant.
Of note, considering the classic distinction between PLC
and EI, most episodes described by Olney are consistent
with EI rather than true PLC.5 In addition, the phenome-
nology can be mixed and suddenly evolve from an exagger-
ated emotional response to a truly opposite response to a
trigger, e.g., laughter after a sad stimulus. Following a
laboratory paradigm, Hübers et al. 2016 were able to
demonstrate altered ability to judge emotional content in
ALS patients with PLC.6 Although uncontrolled laughter and
crying episodes were previously thought to be devoid of
personal emotional experience (feelings), this is probably
not the case. The abnormal pattern of facial movements can
be uncomfortable or even painful and associated with
spasms, thus receiving the jargon of spasmodic laughter
or crying.15

What is the prevalence/epidemiology of DLC in ALS
patients?
DLC are common in several neurological diseases, including
ALS, Parkinson’s disease (PD), multiple system atrophy-
cerebellar type, multiple sclerosis (MS), stroke, traumatic
brain injury (TBI), and Alzheimer’s disease (AD).22 Depend-
ing on population, diagnostic criteria, and methodologies,
the prevalence of the DLC vary considerably across different
neurological conditions, such as in ALSwhere it occurs most
commonly at moderate to advanced disease stages and
earlier in individuals with bulbar-dominant or upper motor

neuron-dominant compromise. Work et al. determined that
the prevalence of PBA in a group of patientswith AD, ALS,MS,
stroke, TBI and PD ranged from9.4% to 37.5% depending upon
the scale and the threshold used.23 In a recently published
meta-analysis study, ALS patients showed a PBA prevalence
of 38.5%, which is higher than other neurodegenerative
diseases.22

We selected cross-sectional, case-control, cohort and
experimental studies that had a random sampling, standard
criteria for diagnoses of PBA and described the point preva-
lence of PBA/PLC. The characteristics of included studies
were detailed in ►Table 1. The prevalence of PBA/PLC in
ALS patients from 15 combined studies and 3906 patients
was 27.4% (N¼1070), ranging from 11.4% to 71%. The studies
demonstrated that PBA/PLC was not uncommon in ALS.
Prospective studies, using population-based ALS cohorts,
are required for addressing knowledge gaps using trustwor-
thy diagnostics for PLC/PBA.

Are there different classifications for the DLC?
Traditionally, the DLC have been classified by Poeck accord-
ing to the appropriateness of the emotional expression in
relation to the emotional trigger, hence grossly divided into 2
subgroups: PLC and EI.14

In PLC, exaggerated emotional responses occurs after
exposure to neutral stimuli or stimuli with opposite emo-
tional valence (e.g., sad stimulus triggering laughter). In EI,
episodes are facilitated but happened in the appropriate
context, e.g., easy crying in sad situation and easy laughter
in happy contexts. Laboratory studies reported that out-
bursts of PLC may occur under emotionally appropriate
conditions.5,6 In this regard, IEED encompassed both PLC
and EI, as it emphasizes the expressive aspect of the
emotion.8 Lauterbach and colleagues provided a criterion-
based classification for IEED, splitting the disorder again
into PLC, EI and a third subtype with PBA and dysarthric
bulbar speech, dysphagia or disinhibited facial and gag
reflexes.24

Gondim and colleagues proposed a new classification for
the DLC based on mechanisms, phenomenology (including
associated phenomena) and following the premises of the
somatic marker hypothesis.25 This classification attempted
to unify all neuropsychiatric disorders leading to altered
laughter and crying. Subtypes include motor (emotional
expression pathways), sensory (feeling processing) and
mixed disorders, further subdivided into positive or nega-
tive depending on the mechanism involved. ALS patients
would exhibit 3 subtypes: negative motor, sensory or
mixed. In this classification, most ALS patients are more
prone to negative motor forms.25 To date, there is no
agreement on either the terminology or classification for
the DLC.

What are the possible mechanisms underlying the DLC
in neurological disorders and particularly in ALS
patients?
Historically, the first group of theories (peripheral), wrongly
attributed distinct impairment of different facial nerve
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fibers.15,18 In 1879, Nothnagel proposed the existence of a
“psychoreflex pathway” to explain the different forms of
facial movement paralysis, e.g., voluntary versus emotional
facial movements.18 In 1887, Bechtereff proposed that the
expressive centers for facial movements were located in the
anterior thalamus and that abnormal laughter resulted
from impaired voluntary control and exaggerated involun-
tary stimuli.15,18 Wilson proposed the existence of a supra-
nuclear control center for synkinesis of facial and breathing
movements linking the VII and X brainstem nuclei and
phrenic nerves. PLC was the result of imperfect control of
the voluntary paths from the motor cortical areas with the
concomitant activation of synkinetic faciorespiratory path-
ways, e.g., corticofugal pathways to the faciorespiratory
centers in the pons and medulla independent of the
voluntary cortico-ponto-bulbar tracts to the same nuclei.18

On excitation they would either arrest or accelerate and
interfere with the normal rhythmic activity of the respira-
tory center. Autopsy and neuroimaging lesion analysis
expanded the knowledge about structures involved in
acute (e.g., fou rire prodromique) and chronic DLC. Lesions

were reported in brainstem, cerebral hemispheres, and
subcortical-diencephalic circuits.25 Recently, a review of
previous reports involving lesion-symptom correlation in
PLC detailed 70 distinct focal lesions.39 Klingbeil and
colleagues proposed a two-hit model for PLC, e.g., a com-
bination of direct lesion and indirect diaschisis effects
cause PLC through loss of inhibitory cortical control of a
dysfunctional emotional system.39 Two PLC subnetwork
systems were proposed: a positive and a negative. Howev-
er, this model is biased for the evaluation of the DLC due to
focal brain lesions, such as after strokes. For neurodegen-
erative diseases, this model is more difficult to be
employed. In ALS-associated PLC, functional and structural
neuroimaging studies also supported the role of subcor-
tico-thalamo-ponto-cerebellar network pathways in its
pathophysiology, and no correlation with sensory
deafferentation.2,27,40–43

Volitional facial movements are generally preserved in
patients with emotional facial paresis, due to distinct
excitatory pathways from the frontal and temporal cortices
and hypothalamus to the periaqueductal gray matter and

Table 1 Pseudobulbar affect (PBA)/Pathological laughter and crying (PLC) prevalence estimates in patients with ALS

Study, year Country Study design Diagnostic scale
(cutoff score if
applicable)

Number of
subjects

Prevalence
(%)

Zigler, 193026 USA Retrospective NR 101 18.8

Gallagher et al. 198927 USA Cross- sectional Clinical assessment
only
NR

73
Younger
than 45

49.3

Palmieri et al. 200928 Italy Case-control ELQ 41 71

Work et al. 201123 USA Online survey CNS-LS � 13
PLACS � 13
CNS-LS � 21

225 50
32.5
27.5

Brooks et al. 201329 USA Cross- sectional CNS-LS � 13 125 44.8
PBA

Floeter et al. 201430 USA Retrospective NR 37 ALS
50 PLS

32.4 ALS
62 in PLS

Tortelli et al. 201631 Italy Cohort CNS-LS � 13 132 34.09

Thakore et al. 201732 USA Cohort CNS-LS � 13 735 28.4

Christidi et al. 201733 Greece Case-control CNS-LS � 13 56 50

Patel et al. 201834 USA Cross- sectional CNS-LS � 13 26 34.6

Tortelli et al. 201820 Italy Cohort
(population-based)

CNS-LS � 13 94 36

Barc et al. 202035 Europe,
multicenter

Cross- sectional,
multicenter

Direct neurology
questioning

1145 17.38

Tu S et al. 202136 Australia Retrospective CNS-LS � 13 35 54.29

Wei QQ et al. 202137 China Cohort Face-to-face
interviews
Neurologist

1031 11.4

Chowdhury et al. 202138 India Cross- sectional CNS-LS� 13 50 68

Abbreviations: ALS, amyotrophic lateral sclerosis; CNS-LS, Center for Neurologic Study-Lability Scale; ELQ, Emotional Lability Questionnaire; NR, Not
Reported; PLACS, Pathological Laughing and Crying Scale; PLS, primary lateral sclerosis.
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inhibitory modulation pathways from the lateral premotor
cortices areas.39 Similar pathway dysfunction has been
observed in ALS patients secondary to the reduction or
lack of inhibitory circuits originating from the frontal cortex
due to progressive loss of neurons from the cortical areas
(“top-down theory”).5,6 As pointed out by Olney et al. 2011
and others,5,6 there is substantial evidence of altered feeling
processing in ALS patients. In addition to possible involve-
ment of serotonergic pathways, frontal lobe dysfunction
may cause impairment of the mirror-neuron network, thus
explaining why a primarily motor disease would cause
altered feeling processing. More recent studies also empha-
sized other neurobehavioral aspects of ALS, such as alex-
ithymia.44 There is marked reduction of gray matter volume
of prefrontal cortices, parahippocampal gyri, and right
superior temporal pole in patients with ALS.44

In non-demented patients with ALS and PLC, multimodal
neuroimaging studies have disclosed reduced volume of the
left orbitofrontal cortex gray matter, putamen, frontal oper-
culum, and bilateral frontal poles. There were also white
matter abnormalities involving associative fibers and
ponto-cerebellar tracts.33 Lesions in the medial inferior
frontal area were linked to PLC in MS.21 PLC in ALS has
been also evaluated by diffusion-tensor brain MRI imaging
and disclosed decreased fractional anisotropy in structures
of the cortico-ponto-cerebellar pathways.30 The higher
frequency of PLC among patients with bulbar-onset ALS
and the involvement of brainstem motor nuclei correlated
with reduced gray matter volume of the brainstem, espe-
cially in patients with prefrontal executive dysfunction.31,45

Thus, basal ganglia and cortico-ponto-cerebellar pathway
involvement may be due to diaschisis from a primary
frontal lobe disease.

What are the available screening tools for the
diagnosis and severity quantification of DLC?
The diagnosis of DLC is usually made primarily on clinical
grounds, e.g., behavioral evaluation based on clinical history
and neurological exam performed by an experienced physi-
cian. As detailed on the epidemiology section, the prevalence
of those disorders solely based on clinical evaluation may
yield false low sensitivity, especially in earlier disease
stages.10 Therefore, several instruments for the diagnosis
and quantification of the DLC have been designed. Although
more frequently tested in stroke patients, they are also good
for the evaluation of all types of DLC, including ALS. None of
these instruments havebeen translated and/or validated into
Portuguese.

The first designed tool for the evaluation of PLC was
developed in 199346 and is known as pathological laughing
and crying scale (PLACS). This instrumentwas an interviewer
administered rating scale designed to document the benefit
of the treatment with nortriptyline on 82 ischemic stroke
patients. PLACS rates sixteen items, scores the severity of
each symptom on a 0–3 point scale generating a final sum
score. PLC is distinguished by a score of 13 or higher. The
interrater reliability was 0.93 with excellent test-retest
reliability (0.85) at 2-week intervals.

The Center for Neurologic Study-Lability Scale (CNS-LS)
was the first self-reported measure, validated to evaluate
affective lability in a large population of ALS patients.47 In
contrast to PLACS, it has been used as an important end-
point in several clinical trials for ALS patients. It consists in
a short, self and easily administered questionnaire of 7
items with two subscales: one for laughter (4 items) and
one for tearfulness (3 items). The CNS-LS quantifies per-
ceived aspects of PBA, including frequency, intensity,
lability, degree of voluntary control, and inappropriateness
to context. For each item, respondents indicate on a five-
point scale (where 1¼ applies never and 5¼ applies most of
the time) how often they experience symptoms of PBA. A
score of 13 on the CNS-LS, as on the PLACS, distinguishes
patients with PLC, predicting neurologist’s diagnosis, with
sensitivity of 0.84 and specificity of 0.81. The total CNS-LS
scores showed test-retest reliability of 0.88 for ALS patients.
The scale focus on the burden of subjective symptoms over
2 weeks prior to assessment, but provides an accurate
indicator of episode frequency.48

After detecting several problems with PLACS, e.g., reli-
ance on self-rating, insufficient period of assessment, inad-
equate exploration of appropriateness of emotion, the
“emotional lability questionnaire” (ELQ) was validated in
ALS patients as modified version of PLACS.49 ELQ evaluate
symptoms experienced by the patients up to 4 weeks prior
to screening, which helps to capture patients who experi-
ence less frequent episodes.28 Each questionnaire contains
33 items, divided into 11 questions for laughter, 11 for
crying and a specific section on abnormal smiling with 11
questions. ELQ has 2 components, one self-rated and the
other given to caregivers. Answers are given in a 4-point
Likert scale. One of the ELQ strengths is the inclusion of
caregiver’s perspective. In ALS, there is good agreement
between patient and caregiver scores, confirming patient’s
symptom awareness.28 Reports are substantially different in
ALS-FTD patients.50

What is the differential diagnosis and adequate
work-up for the evaluation of the DLC in ALS
patients?
When one evaluates a patient with abnormal or exaggerat-
ed laughter and crying, the first step is to establish whether
there is a mood or a primary disorder of the laughter and
crying expression. Mood is an emotional state sustained
over long periods (days-weeks or more). A patient
with depression feels depressed most of the time and
crying is the primary reflection of the depressed mood.51

The maniac state of bipolar disorder has been linked to
exaggerated laughter with euphoria (the so-called maniac
laughter). Depression and mania can be diagnosed with a
structured anamnesis, however, for the quantification
of depression and anxiety there are multiple inventories
such as the Hamilton depression rating scale and
Beck Depression Inventory. It is also well known that illicit
drugs (e.g., marijuana) and substances like Nitrous Oxide
(NO) and intravenous valproic acid can induce disordered
laughter.15 Obviously, patients with ALS can also be
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affected by co-morbidities such as strokes and other struc-
tural lesions (e.g., tumors) leading to PLC/PBA.24,25,39 Prop-
er neuroimaging testing could easily differentiate those
conditions.

Therefore, the next step will be to sort out whether
there is concomitant PLC/PBA and depression or just
one of those two disorders. PLC/PBA is frequently under-
diagnosed or misdiagnosed as a mood disorder, especially
when there is predominant crying. PBA with depression
has more explosive crying episodes, with shorter duration,
and no longstanding internal sadness. Depressed individu-
als possess a persistent mood of sadness, but they do
not tend to have frequent crying episodes and, if they
happen, they last much longer than PBA. Other symptoms
observed in depression are generally not observed in
PLC/PBA.52

There are good screening tools to quantify PLC/PBA:
CNS-LS and PLACs. If there are additional symptoms sug-
gestive of dementia, a more thorough neuropsychological
battery testing is advisable to establish whether there
is restricted or more widespread evidence of cognitive
impairment. The use of the Edinburgh Cognitive and
Behavioral ALS Screen (ECAS) is an important assessment
to detect general aspects of cognitive and behavioral
changes in patients with ALS. The Frontal Assessment
Battery (FAB) or the ALS Cognitive Behavioral Screen
(ALS-CBS) may be used to assess the frontal lobe executive
function.53,54 FAB score <16 or ALS-CBS <10 may define
executive dysfunction.53,54 The global cognition function
may be evaluated by the Montreal Cognitive Assessment
(MoCA) and the traditional Folstein Mini-Mental State
examination.

Are there any differences in the epidemiology
of the DLC in ALS patients based on ALS clinical
subtypes?
Considering all the common neurodegenerative disorders,
ALS is the leading cause of PBA/PLC.22 The presence of PBA
may further aggravate the disability in affected subjects, as
it may worsen social interactions and impair quality of
life.38 Two independent studies found PBA to be more
prevalent in depressed patients with ALS compared with
non-depressed patients.32,55 It has been also related to
prefrontal cognitive dysfunction.45 Most reports identified
an association between PBA and bulbar onset.31,32 One of
the largest studies was published by Thakore & Pioro.32

They assessed a database of 735 patients with available
self-reported cognitive/behavioral information and found
PBA in 28.4% of all subjects. They noticed a significant
association with female gender, bulbar onset and presence
of upper motor neuron signs: 10%, 29% and 39% for LMN-
predominant disease, typical ALS and UMN-predominant
disease, respectively.32 Only 8% of patients with PMA had
PBA compared with 40% of PLS patients. Patients with
bulbar onset symptomatology appear disproportionately
affected.28,36,37 Few reports failed to replicate this associa-
tion and found PBA to be as frequent in spinal versus bulbar-
onset ALS.38

Are there known genetic mutations explaining the
different subtypes of neuropsychiatric phenomena in
ALS patients?
New genetic data highlighted the well-known overlap be-
tweenMNDand FTD. Considering the fast andmajor ongoing
developments, the reader is referred to latest reviews for
each candidate gene involved in ALS/FTD.56

Multisystem disorder with possible cognitive involve-
ment in MND led to the idea of MND-FTD continuum.9,57

The spectrum of degenerative MND may encompass a pure
motor neuron involvement without cognitive compromise.
Genetic forms linked to restricted MND without cognitive
involvement include most forms of SOD1, ANG, VAPB and
OPTN variants.57 In a recent Brazilian study with 70 C9orf72
negative patients, and including 7 patients with VAPB var-
iants, 23% of the patients were diagnosed with ALSbi and
apathy followed by dysphoria and anxiety were the most
prevalent findings in the ALSbi subgroup.58 Chiò and col-
leagues evaluated 2839 ALS patients in Italy and disclosed
important associations between ALS phenotype versus age,
sex and genetics.59 C9orf72 expansions correlated with bul-
bar phenotype and were less frequent in pure upper motor
neuron forms. SOD1 variants correlated with flail leg pheno-
type and were less frequent in bulbar-onset. ALS-FTD corre-
lated with C9orf72 and bulbar phenotypes. Although SOD1 is
commonly not linked to neuropsychiatric disease, SOD1 p.
Ile113Thr variant can develop cognitive impairment.60 FUS
gene mutations may occasionally be associated with mild
cognitive impairment.59

Pathological hexanucleotide repeat expansion in the
C9orf72 gene is the most common monogenic cause of ALS
(39–45%) and ALS-FTD spectrum.61 In most cases, expan-
sions are linked to the FTD behavior variant. Occasionally, it
is also associated with the nonfluent/agrammatic or seman-
tic variants of Primary Progressive Aphasia (PPA).62 Among
the psychiatric symptoms, the most relevant are apathy,
social isolation, delusion and working memory im-
pairment.61 TBK1 gene is associated with ALS-FTD and
PLS-dementia.63 They may develop behavior changes, non-
fluent aphasia, memory impairment. FTD may be the pre-
senting manifestation. Other genes associated with the
overlap of MND-FTD include SQSTM1, CHMP2B, CCNF, and
TIA1. Patients with SQSTM1 variants usually develop the
behavior variant FTD, including aggressiveness, mood
changes, social detachment, speech apraxia and visuo-con-
structional deficits.64 Variants in the CHCHD10 gene repre-
sents up to 3% of ALS-FTD and are frequently associated with
complex phenotypes, including ALS-FTD, myopathy and
cerebellar ataxia.65 VCP gene variants are associated with
ALS cognitive impairment, FTD, myopathy and Paget disease
of bone.66 There are no specific genetic subtypes linked to
PBA or PLC in ALS patients.

Are there phenomenological differences (for DLC)
between ALS patients with and without FTD and with
complex neuropathological involvement?
ALS is a multisystem disorder. Although primarily a disease
of the pyramidal neurons and pathways, there is evidence to
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support direct cerebellar, basal ganglia, autonomic and even
distal axonal (small fiber) involvement or at least due
to secondary effects of impaired pyramidal connections
(diaschisis) on different systems. Furthermore, it is becom-
ing evident that neuropsychiatric involvement is variable
and phenotypically diverse.67

Cognitive impairment in ALS ranges from no discernible
deficit to severe dementia, depending on disease stage and
subtype. FTD may precede or follow the onset of motor
symptoms in ALS. There are multiple reports suggesting
that PLC/PBA is more prevalent in patients with bulbar-onset
and predominant upper motor neuron involvement. Howev-
er, there is only one study that compared neuropsychiatric
phenomena, including PBA in pure ALS, behavioral variant of
FTD (bvFTD) and ALS-FTD.57 Among 250 participants (115
with ALS, 98 bvFTD, 37 ALS-FTD) a similar pattern of
neuropsychiatric symptoms and symptom severity was ob-
served among the 3 groups. In this study, disinhibition was
predominantly related to C9orf72 hexanucleotide repeat
expansion. Indirect evidence points toward lower prevalence
of laughter in bvFTD/right temporal variant FTD than ALS
since patients with bvFTD and right temporal variant FTD
laugh less across both contexts of self and partner speech
than healthy controls, bvFTD laugh less relative to their own
speech in comparison with controls.68 In the non-fluent
variant of PPA group, laughter was increased in the partner
context in comparison to healthy controls.68 In summary,
current evidence do not enable us to conclude that PLC is
more prevalent in ALS patients with or without FTD versus
pure FTD and further studies are necessary to address this
matter.

Lastly, due to the low prevalence of the multiple and rare
FTD variants and multisystem neurodegenerative disorders
with different neuropathological substrates (TDP43, tauop-
athy, synucleinopathies), it is not possible to sort out the
differences in PLC/PBA prevalence in conditions like three-
in-one syndrome (PPA, corticobasal degeneration and fron-
tal lobe dementia),69 C9orf72 with combined Multiple
System Atrophy and ALS,70 especially within different dis-
ease stages.

How are those conditions treated? What are the
different types of medications available for the
treatment of the DLC in ALS patients?
PLC is frequently treated in the context of patient with other
clinical comorbidities and potential drug interactions and
adverse events. Most clinicians consider the existence of
other neuropsychiatric changes during the decision process
of the best therapeutic option, including therapies for asso-
ciated dementia, cognitive decline, mood disorders, and
anxiety.71 Since PLC is more frequently observed in patients
with bulbar-onset ALS, upper motor neuron-predominant
ALS phenotypes and ALSwith distinct cognitive dysfunction,
clinicians generally consider other signs, symptoms and
complications present in these scenarios during manage-
ment decisions.32,72,73 The therapeutic range necessary to
partially improve PLC symptoms is generally lower than the
daily doses used for the treatment of mood disorders.74

Although classically used by most neurologists in clinical
practice, selective serotonin reuptake inhibitors (SSRI) and
tricyclic anti-depressant (TCA) have been only rarely evalu-
ated by specific studies for the treatment of PLC in
MND/ALS, and no double-blinded placebo-controlled clini-
cal trials were performed so far to evaluate MND/ALS-
associated PLC with antidepressants.2 Current clinical prac-
tices result from previous case series and placebo-con-
trolled trials developed for the treatment of PLC
associated with other neurological conditions. These stud-
ies included SSRIs (sertraline 50mg/day, fluoxetine 20
mg/day, citalopram 20mg/day, escitalopram 10 x2009;-
mg/day), TCAs (nortriptyline 25mg/day, amitriptyline
up to 100mg/day), dual serotonin-norepinephrine reuptake
inhibitors (duloxetine, venlafaxine), mirtazapine, valproate,
dopamine agonists (levodopa, amantadine), and non-com-
petitive N-methyl-D-aspartate receptor antagonists (mem-
antine and dextromethorphan-quinidine/DMQ).2,71,74–78

DMQ targets both N-methyl-D-aspartate receptor as a
non-competitive glutamate antagonist and a sigmar-1 recep-
tor agonist.48 The first FDA-approval of a specific drug for
PLC treatment was made in 2010, with the association of
dextromethorphan hydrobromide with quinidine sulfate
(Nuedexta®, Avanir Pharmaceuticals), which provided a re-
duction of almost 50% of emotional lability episodes (crying
or laughing).72,79 In 2004, a randomized trial was published
and evaluated DMQ combination (30/30mg, twice daily),
versus dextromethorpan and quinidine alone groups in
patients with ALS and PLC.80 There was marked improve-
ment in the frequency and intensity of PLC episodes and in
the quality of life of patients using the DMQ combination.
During the first weeks of treatment, almost one quarter of
patients withdrew from treatment due to several mild to
moderate side effects,48,80 such as diarrhea, nausea, cough,
somnolence, flu-like symptoms, and dizziness.74,81 The
frequency and severity of such adverse events may be
markedly reduced by a slow introduction of the therapy,
reaching the target dose with two pills a day after 1 week of
treatment.71,81 DMQ association results in more sustained
plasma therapeutic levels of dextromethorphan due to
quinidine potential to inhibit cytochrome P450 2D6. In
2010, a similar study using a group with lower quinidine
dose 10mg led to lower rates of adverse events in the
30/10mg and 20/10mg, BID, and marked improvement of
the frequency of PLC episodes.78 In some patients, DMQ
could lower bulbar symptoms (dysphagia and dysarthria)
after 12 weeks of follow-up.78 There are no clinical
trials comparing efficacy of DMQ and other anti-depressant
drugs in PLC.74,81 Combined DMQ drugs are still unavailable
in Brazil and have not been evaluated or approved by
the Brazilian Health Regulatory Agency (ANVISA). The
main drugs used for PLC treatment are summarized
on ►Table 2.

In conclusion, the spectrum of neuropsychiatric phenom-
ena inALS iswide andnot fully understood. DLC stand among
the most common manifestations. PBA/PLC affects between
11.4–71% of ALS patients. Bulbar-onset is a risk factor, but
there are no adequate studies evaluating the prevalence

Arquivos de Neuro-Psiquiatria Vol. 81 No. 8/2023 © 2023. Academia Brasileira de Neurologia. All rights reserved.

Disorders of laughter and crying in ALS Gondim et al. 771



among different MND subtypes, including patients with and
without FTD. Antidepressants and a combination of dextro-
methorphan and quinidine (not available in Brazil) are
possible therapeutic options. This group of panelists ac-
knowledge the multiple gaps in the present literature and
the need for further studies.
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Table 2 Level of evidence and grades of recommendation of current available treatments for PLC, according to current evidence-
based Medicine tools

Grades of recommendation

Grade A: systematic review of randomized controlled trials (Level 1a); individual randomized controlled trials (Level 1b)
Grade B: systematic review of cohort studies (Level 2a); cohort study or low-quality randomized control study (Level 2b);
systematic review of case-control studies (Level 3a); case-control studies (Level 3b)
Grade C: low-quality cohort, case-control or case series (Level 4)
Grade D: expert opinion with non-systematic reviews of results (Level 5)

Drug class Posology (Usual dosage) Grade of recommendation

Selective Serotonin Reuptake Inhibitors (SSRI)

Citalopram 5–20mg per day Grade C (Level 4)

Escitalopram 5–20mg per day Grade C (Level 4)

Fluoxetine 20–60mg per day Grade C (Level 4)

Fluvoxamine 50–300mg per day Grade C (Level 4)

Sertraline 50–200mg per day Grade C (Level 4)

Paroxetine 20–50mg per day Grade C (Level 4)

Tricyclic Antidepressant (TCA)

Amitriptyline 10–100mg per day Grade B (Level 2b)

Nortriptyline 10–100mg per day Grade B (Level 2b)

Imipramine 10–20mg per day Grade C (Level 4)

Serotonin-norepinephrine reuptake inhibitors

Duloxetine 40–60mg per day Grade C (Level 4)

Venlafaxine 37.5–225mg per day (BID) Grade C (Level 4)

Dopamine-norepinephrine reuptake inhibitors
Bupropion

150–300mg per day Grade C (Level 4)

Norepinephrine-serotonin modulator
Mirtazapine

15–45mg per day Grade C (Level 4)

Dextromethorphan/Quinidine
20mg/10mg

1 pill per day, for 7 days; then
adjust to 1 pill, BID

Grade A (Level 1b)

Other drug classes

Amantadine 5–200mg, BID Grade C (Level 4)

Carbidopa/levodopa 10/100mg or 25/250mg, BID-QID Grade C (Level 4)

Lamotrigine 50–150mg per day Grade C (Level 4)

Abbreviations: BID, two times a day; QID, four times a day; TID, three times a day.

Arquivos de Neuro-Psiquiatria Vol. 81 No. 8/2023 © 2023. Academia Brasileira de Neurologia. All rights reserved.

Disorders of laughter and crying in ALS Gondim et al.772



Conflict of Interest
WBVRP, MATC, CCC, FMBC, METDJ, ASBO, CLR, DJS, EDT
have no conflict of interest to declare. FAAG is an
Associate Editor of Arquivos de Neuro-Psiquiatria (jan/
2018-present). MCFJ is an Associate Editor of Arquivos de
Neuro-Psiquiatria (jan/2018-present). WMJ is an Associ-
ate Editor of Arquivos de Neuro-Psiquiatria (jan/2012-
present).

References
1 Phukan J, Elamin M, Bede P, et al. The syndrome of cognitive

impairment in amyotrophic lateral sclerosis: a population-
based study. J Neurol Neurosurg Psychiatry 2012;83(01):
102–108

2 Finegan E, Chipika RH, Li Hi Shing S, Hardiman O, Bede P.
Pathological cyring and laughing in Motor Neuron Disease:
pathobiology, screening, intervention. Front Neurol 2019;10:260

3 Colamonico J, Formella A, BradleyW. Pseudobulbar affect: burden
of illness in the USA. Adv Ther 2012;29(09):775–798

4 Damasio A, Carvalho GB. The nature of feelings: evolutionary
and neurobiological origins. Nat Rev Neurosci 2013;14(02):
143–152

5 Olney NT, Goodkind MS, Lomen-Hoerth C, et al. Behaviour,
physiology and experience of pathological laughing and crying
in amyotrophic lateral sclerosis. Brain 2011;134(Pt 12):
3458–3469

6 Hübers A, Kassubek J, Grön G, et al. Pathological laughing and
crying in amyotrophic lateral sclerosis is related to frontal cortex
function. J Neurol 2016;263(09):1788–1795

7 Heilman KM. Disorders of facial emotional expression and com-
prehension. Handb Clin Neurol 2021;183:99–108. Doi: 10.1016/
B978-0-12-822290-4.00006-2

8 Cummings JL. Involuntary Emotional Expression Disorder: Defi-
nition, Diagnosis, andMeasurement Scales. CNS Spectr 2007;12:4
(05):11–16

9 Devenney EM, McErlean K, Tse NY, et al. Factors that influence
non-motor impairment across the ALS-FTD spectrum: impact of
phenotype, sex, age, onset and disease stage. Front Neurol 2021;
12:743688

10 Von Braunmuhl A. Picksche Krankheit und amyotrophische Lat-
eralsklerose. Allg Z Psychiat Psychischgerichtliche Med 1932;
96:364–366

11 Strong MJ, Abrahams S, Goldstein LH, et al. Amyotrophic lateral
sclerosis - frontotemporal spectrum disorder (ALS-FTSD): Re-
vised diagnostic criteria. Amyotroph Lateral Scler Frontotemporal
Degener 2017;18(3-4):153–174

12 Zucchi E, Ticozzi N, Mandrioli J. Psychiatric Symptoms in Amyo-
trophic Lateral Sclerosis: Beyond a Motor Neuron Disorder. Front
Neurosci 2019;13:175

13 Silva-Moraes MH, Bispo-Torres AC, Barouh JL, et al. Suicidal
behavior in individuals with amyotrophic lateral sclerosis: A
systematic review. J Affect Disord 2020;277:688–696

14 Poeck K. Pathological laughter and crying. In: Vinken PJ, Bruyn
GW, Klawans HL, (eds). Handbook of Clinical Neurology. Amster-
dam: Elsevier; 1985:219–226

15 Gondim FA, Thomas FP, Oliveira GR, Cruz-Flores S. Fou rire
prodromique and history of pathological laughter in the
XIXth and XXth centuries. Rev Neurol (Paris) 2004;160(03):
277–283

16 Darwin C. The expression of the emotions in man and animals.
London, England: John Murray; 1872

17 Gondim FA, Parks BJ, Cruz-Flores S. “Fou rire prodromique”
as the presentation of pontine ischaemia secondary to vertebro-
basilar stenosis. J Neurol Neurosurg Psychiatry 2001;71(06):
802–804

18 Wilson SAK. Some problems in neurology: no. 2 pathological
laughing and crying. J Neurol Psychopathol 1924;4:299–333

19 Oppenheim H. Textbook of Nervous Diseases for Physicians and
Students by Professor H Oppenheim of Berlin: English translation
by Alexandre Bruce. London: T.N. Foulis Publisher; 1911

20 Tortelli R, Arcuti S, Copetti M, et al. Pseudobulbar affect as a
negative prognostic indicator in amyotrophic lateral sclerosis.
Acta Neurol Scand 2018;138(01):55–61

21 Ghaffar O, Chamelian L, Feinstein A. Neuroanatomy of pseudo-
bulbar affect : a quantitative MRI study in multiple sclerosis. J
Neurol 2008;255(03):406–412

22 Nabizadeh F, Nikfarjam M, Azami M, Sharifkazemi H, Sodeifian F.
Pseudobulbar affect in neurodegenerative diseases: A systemat-
ic review and meta-analysis. J Clin Neurosci 2022;100:100–
107

23 Work SS, Colamonico JA, Bradley WG, Kaye RE. Pseudobulbar
affect: an under-recognized and under-treated neurological dis-
order. Adv Ther 2011;28(07):586–601

24 Lauterbach EC, Cummings JL, Kuppuswamy PS. Toward a more
precise, clinically–informed pathophysiology of pathological
laughing and crying. Neurosci Biobehav Rev 2013;37(08):
1893–1916

25 Gondim Fde A, Thomas FP, Cruz-Flores S, Nasrallah HA, Selhorst
JB. Pathological laughter and crying: A case series and proposal
for a new classification. Ann Clin Psychiatry 2016;28(01):
11–21

26 Ziegler LH. Psychotic and emotional phenomena associated with
amyotrophic lateral sclerosis. Arch Neurol Psychiatry 1930;
24:930–936

27 Gallagher JP. Pathologic laughter and crying in ALS: a search for
their origin. Acta Neurol Scand 1989;80(02):114–117

28 Palmieri A, Abrahams S, Sorarù G, et al. Emotional Lability in
MND: Relationship to cognition and psychopathology and impact
on caregivers. J Neurol Sci 2009;278(1-2):16–20

29 Brooks BR, Crumpacker D, Fellus J, Kantor D, Kaye RE. PRISM: a
novel research tool to assess the prevalence of pseudobulbar
affect symptoms across neurological conditions. PLoS One
2013;8(08):e72232

30 Floeter MK, Katipally R, Kim MP, et al. Impaired corticopontocer-
ebellar tracts underlie pseudobulbar affect in motor neuron
disorders. Neurology 2014;83(07):620–627

31 Tortelli R, CopettiM, Arcuti S, et al. Pseudobulbar affect (PBA) in an
incident ALS cohort: results from the Apulia registry (SLAP). J
Neurol 2016;263(02):316–321

32 Thakore NJ, Pioro EP. Laughter, crying and sadness in ALS. J Neurol
Neurosurg Psychiatry 2017;88(10):825–831

33 Christidi F, Karavasilis E, Ferentinos P, et al. Investigating the
neuroanatomical substrate of pathological laughing and crying in
amyotrophic lateral sclerosis with multimodal neuroimaging
techniques. Amyotroph Lateral Scler Frontotemporal Degener
2018;19(1-2):12–20

34 PatelN, CombsH, YorkM, Phan C, Jimenez-Shahed J. Pseudobulbar
affect correlates with mood symptoms in parkinsonian disorders
but no amytrophic lateral sclerosis. J Neuropsychiatry Clin Neuro-
sci 2018;30(03):214–219

35 Barć K, Szacka K, Nieporęcki K, et al. Emotional Lability at disease
onset is an independent prognostic factor of faster disease
progression in Amyotrophic Lateral Sclerosis. Aging Dis 2020;
11(05):1021–1028

36 Tu S, Huang M, Caga J, Mahoney CJ, Kiernan MC. Brainstem
Correlates of Pathological Laughter and Crying Frequency in
ALS. Front Neurol 2021;12:704059

37 Wei QQ, Ou R, Lin J, et al. Prevalence and Factors Related to
Pathological Laughter and Crying in Patients With Amyotrophic
Lateral Sclerosis. Front Neurol 2021;12:655674

38 Chowdhury A, Mukherjee A, Sinharoy U, Pandit A, Biswas A.
Non-Motor Features of Amyotrophic Lateral Sclerosis: A

Arquivos de Neuro-Psiquiatria Vol. 81 No. 8/2023 © 2023. Academia Brasileira de Neurologia. All rights reserved.

Disorders of laughter and crying in ALS Gondim et al. 773



Clinic-based Study. Ann Indian Acad Neurol 2021;24(05):
745–753

39 Klingbeil J, Wawrzyniak M, Stockert A, et al. Pathological laughter
and crying: insights from lesion network-symptom-mapping.
Brain 2021;144(10):3264–3276

40 Bede P, Chipika RH, Christidi F, et al. Genotype-associated cere-
bellar profiles in ALS: focal cerebellar pathology and cerebro-
cerebellar connectivity alterations. J Neurol Neurosurg Psychiatry
2021;92(11):1197–1205

41 King RR, Reiss JP. The epidemiology and pathophysiology
of pseudobulbar affect and its association with neuro-
degeneration. Degener Neurol Neuromuscul Dis 2013;3:23–
31

42 Parvizi J, Anderson SW, Martin CO, Damasio H, Damasio AR.
Pathological laughter and crying: a link to the cerebellum. Brain
2001;124(Pt 9):1708–1719

43 Bede P, Murad A, Hardiman O. Pathological neural networks and
artificial neural networks in ALS: diagnostic classification based
on pathognomonic neuroimaging features. J Neurol 2022;269
(05):2440–2452

44 Benbrika S, Doidy F, Carluer L, et al. Alexithymia in Amyotrophic
Lateral Sclerosis and Its Neural Correlates. Front Neurol 2018;
9:566

45 McCullagh S, Moore M, Gawel M, Feinstein A. Pathological laugh-
ing and crying in amyotrophic lateral sclerosis: an association
with prefrontal cognitive dysfunction. J Neurol Sci 1999;169(1-
2):43–48

46 Robinson RG, Parikh RM, Lipsey JR, Starkstein SE, Price TR.
Pathological laughing and crying following stroke: validation of
a measurement scale and a double-blind treatment study. Am J
Psychiatry 1993;150(02):286–293

47 Moore SR, Gresham LS, BrombergMB, Kasarkis EJ, Smith RA. A self
reportmeasure of affective lability. J Neurol Neurosurg Psychiatry
1997;63(01):89–93

48 Smith RA, Berg JE, Pope LE, Thisted RA. Measuring pseudobulbar
affect in ALS. Amyotroph Lateral Scler OtherMotor NeuronDisord
2004;5(Suppl 1):99–102

49 Newsom-Davis IC, Abrahams S, Goldstein LH, Leigh PN. The
emotional lability questionnaire: a new measure of emotional
lability in amyotrophic lateral sclerosis. J Neurol Sci 1999;169
(1-2):22–25

50 Woolley SC, Moore DH, Katz JS. Insight in ALS: awareness of
behavioral change in patients with and without FTD. Amyotroph
Lateral Scler 2010;11(1-2):52–56

51 Parvizi J, Arciniegas DB, Bernardini GL, et al. Diagnosis and
management of pathological laughter and crying. Mayo Clin
Proc 2006;81(11):1482–1486

52 Cummings J. Pseudobulbar affect. Neuro-Geriatrics, 1039: 389
–393, 2017). Book chapter - https://link.springer.com/chapter/
10.1007/978-3-319-56484-5_24

53 Dubois B, Slachevsky A, Litvan I, Pillon B. The FAB: a frontal
assessment battery at bedside. Neurology 2000;55(11):
1621–1626

54 Branco LMT, ZanaoT, De Rezende TJ, et al. Transcultural validation
of the ALS-CBS Cognitive Section for the Brazilian population.
Amyotroph Lateral Scler Frontotemporal Degener 2017;18(1-
2):60–67

55 Atassi N, Cook A, Pineda CM, Yerramilli-Rao P, Pulley D, Cudko-
wicz M. Depression in amyotrophic lateral sclerosis. Amyotroph
Lateral Scler 2011;12(02):109–112

56 Mathis S, Goizet C, Soulages A, Vallat JM, Masson GL. Genetics of
amyotrophic lateral sclerosis: A review. J Neurol Sci 2019;
399:217–226

57 Devenney E, Vucic S, Hodges JR, Kiernan MC. Motor neuron
disease-frontotemporal dementia: a clinical continuum. Expert
Rev Neurother 2015;15(05):509–522

58 Branco LMT, Zanao TA, de Rezende TJR, et al. Behavioral mani-
festations in a Brazilian non-demented C9orf72-negative ALS

population. Amyotroph Lateral Scler Frontotemporal Degener
2020;21(1-2):100–106

59 Chiò A, Moglia C, Canosa A, et al. ALS phenotype is influenced by
age, sex, and genetics: A population-based study. Neurology
2020;94(08):e802–e810

60 Katz JS, Katzberg HD, Woolley SC, Marklund SL, Andersen
PM. Combined fulminant frontotemporal dementia and
amyotrophic lateral sclerosis associated with an I113T
SOD1 mutation. Amyotroph Lateral Scler 2012;13(06):567–
569

61 Beck J, Poulter M, Hensman D, et al. Large C9orf72 hexanucleo-
tide repeat expansions are seen in multiple neurodegenerative
syndromes and are more frequent than expected in the UK
population. Am J Hum Genet 2013;92(03):345–353

62 Gossye H, Engelborghs S, Van Broeckhoven C, et al. C9orf72
Frontotemporal Dementia and/or Amyotrophic Lateral Sclerosis.
2015 Jan 8 [Updated 2020Dec 17] In: AdamMP,MirzaaGM, Pagon
RA, et al., editors. GeneReviews® [Internet]. Seattle (WA): Uni-
versity of Washington, Seattle; 1993–2022. Bookshelf URL:
https://www.ncbi.nlm.nih.gov/books/

63 Gómez-Tortosa E, Van der Zee J, Ruggiero M, et al; EU EOD
Consortium. Familial primary lateral sclerosis or dementia asso-
ciated with Arg573Gly TBK1 mutation. J Neurol Neurosurg Psy-
chiatry 2017;88(11):996–997

64 Le Ber I, Camuzat A, Guerreiro R, et al; French Clinical and Genetic
Research Network on FTD/FTD-ALS. SQSTM1mutations in French
patients with frontotemporal dementia or frontotemporal de-
mentia with amyotrophic lateral sclerosis. JAMA Neurol 2013;70
(11):1403–1410

65 Chaussenot A, Le Ber I, Ait-El-Mkadem S, et al; French research
network on FTD and FTD-ALS. Screening of CHCHD10 in a French
cohort confirms the involvement of this gene in frontotemporal
dementia with amyotrophic lateral sclerosis patients. Neurobiol
Aging 2014;35(12):2884.e1–2884.e4

66 Abrahao A, Abath Neto O, Kok F, et al. One family, one gene and
three phenotypes: A novel VCP (valosin-containing protein)
mutation associated with myopathy with rimmed vacuoles,
amyotrophic lateral sclerosis and frontotemporal dementia. J
Neurol Sci 2016;368:352–358

67 Dewan R, Chia R, Ding J, et al; American Genome Center
(TAGC) FALS Sequencing Consortium Genomics England Re-
search Consortium International ALS/FTD Genomics Consortium
(iAFGC) International FTD Genetics Consortium (IFGC) Interna-
tional LBD Genomics Consortium (iLBDGC) NYGC ALS Consor-
tium PROSPECT Consortium. Pathogenic Huntingtin repeat
expansions in patients with frontotemporal dementia and
amyotrophic lateral sclerosis. Neuron 2021;109(03):448–
460.e4

68 Pressman PS, Simpson M, Gola K, et al. Observing conversational
laughter in frontotemporal dementia. J Neurol Neurosurg Psychi-
atry 2017;88(05):418–424

69 Ioannides P, Karacostas D, Hatzipantazi M, Ioannis M. Primary
progressive aphasia as the initial manifestation of corticobasal
degeneration. A “three in one ” syndrome? Funct Neurol 2005;20
(03):135–137

70 King A, Lee YK, Jones S, Troakes C. A pathologically confirmed case
of combined amyotrophic lateral sclerosis with C9orf72mutation
and multiple system atrophy. Neuropathology 2022;42(04):
302–308

71 Miller A, Pratt H, Schiffer RB. Pseudobulbar affect: the spectrumof
clinical presentations, etiologies and treatments. Expert Rev
Neurother 2011;11(07):1077–1088

72 Mahoney CJ, Ahmed RM, Huynh W, et al. Pathophysiology and
treatment of non-motor dysfunction in Amyotrophic Lateral
Sclerosis. CNS Drugs 2021;35(05):483–505

73 McCullagh S, Feinstein A. Treatment of pathological affect: vari-
ability of response for laughter and crying. J Neuropsychiatry Clin
Neurosci 2000;12(01):100–102

Arquivos de Neuro-Psiquiatria Vol. 81 No. 8/2023 © 2023. Academia Brasileira de Neurologia. All rights reserved.

Disorders of laughter and crying in ALS Gondim et al.774

https://www.ncbi.nlm.nih.gov/books/


74 Dubovsky SL. Dextromethorphan/quinidine for pseudobulbar
affect. Clin Invest 2014;4(06):549–554https://www.openaccess-
journals.com/articles/dextromethorphanquinidine-for-pseudobul-
bar- affect.pdf

75 Ferentinos P, Paparrigopoulos T, Rentzos M, Evdokimidis I. Dulox-
etine for pathological laughing and crying. Int J Neuropsycho-
pharmacol 2009 Nov;12(10):1429–1430

76 Husbands E, Talbot K. Pathological laughter and crying in neuro-
logical disorders: recognition and treatment. Pract Neurol 2022;
22(06):486–490

77 Meyer T, Kettemann D, Maier A, et al. Symptomatic pharmaco-
therapy in ALS: data analysis from a platform-based medication
management programme. J Neurol Neurosurg Psychiatry 2020;91
(07):783–785

78 Mohapatra D, Mishra BR, Maiti R, Das S. Escitalopram in
disorder of laughter and crying with predominant laughter
incontinence. J Basic Clin Physiol Pharmacol 2017;28(01):
89–90

79 Pioro EP, Brooks BR, Cummings J, et al; Safety, Tolerability, and
Efficacy Results Trial of AVP-923 in PBA Investigators. Dextrome-
thorphan plus ultra low-dose quinidine reduces pseudobulbar
affect. Ann Neurol 2010a68(05):693–702

80 Brooks BR, Thisted RA, Appel SH, et al; AVP-923 ALS Study Group.
Treatment of pseudobulbar affect in ALS with dextromethorphan/
quinidine: a randomized trial. Neurology 2004;63(08):
1364–1370

81 Brent JR, Franz CK, Coleman JM III, Ajroud-Driss S. ALS: Manage-
ment Problems. Neurol Clin 2020;38(03):565–575

Arquivos de Neuro-Psiquiatria Vol. 81 No. 8/2023 © 2023. Academia Brasileira de Neurologia. All rights reserved.

Disorders of laughter and crying in ALS Gondim et al. 775

https://www.openaccessjournals.com/articles/dextromethorphanquinidine-for-pseudobulbar-affect.pdf
https://www.openaccessjournals.com/articles/dextromethorphanquinidine-for-pseudobulbar-affect.pdf
https://www.openaccessjournals.com/articles/dextromethorphanquinidine-for-pseudobulbar-affect.pdf

