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Abstract: Multiple sclerosis (MS) is associated with a high prevalence of emotional disorders affecting
the health-related quality of life of patients and their families. Pseudobulbar affect (PBA), also referred
to as pathological laughing and crying, is an under-recognized and under-treated co-morbidity. We
conducted a systematic literature review of 16 studies to determine the prevalence and clinical
characteristics of PBA in patients with MS of all ages. Based on conservative figures available from
8/16 studies, the prevalence of PBA in the context of MS was found to range between 2% and 10%
(median 10%), with higher percentages in the female population. Possible reasons for the observed
variability in the prevalence data include heterogeneity of the diagnostic methodologies and common
presence of confounding factors, such as co-morbid affective disorders. The clinical presentation was
found to be comparable to that of PBA in the context of other neurological disorders, as it reflected
the location of underlying lesions (especially in the brainstem) rather than the associated pathology.
Clinicians should be prompted to consider PBA in the differential diagnosis of emotional disorders in
the context of MS by using both clinical criteria and psychometric instruments. Further studies should
be conducted to develop standardized diagnostic protocols and to optimize therapeutic approaches
for the clinical management of this patient population.
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1. Introduction

The neuropathological process of multiple sclerosis (MS) is characterized by demyeli-
nating lesions that can affect any structure of the central nervous system, particularly
the white matter of the cerebral hemispheres, brainstem, optic nerves, spinal cord, and
cerebellum. In addition to the presence of established cerebrospinal fluid biomarkers,
neuroimaging findings provide evidence of pathological dissemination across both space
and time [1,2]. The clinical phenomenology depends on the affected regions, and includes
motor and sensory deficits, optic neuritis, diplopia, fatigue, cerebellar syndromes, sphinc-
teric continence issues, and neuropsychiatric disorders. The latter are relatively common
and range from specific cognitive deficits to affective disorders, with partial overlaps [3].
Both the biological mechanisms underlying MS and the physical and psychological burden
of this chronic condition could be responsible for the development of neuropsychiatric
features. It has been argued that alterations in the external expression of emotions, such as
euphoria and apathy, may result directly from MS-related pathophysiological processes,
whereas consistent alterations of the inner emotional states, such as depression and anxiety,
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might have a more complex and multifactorial pathogenesis, including psychological,
social, neurobiological, immunological, and genetic factors [4,5].

From an epidemiological perspective, affective disorders are the most common psy-
chiatric co-morbidity in MS, reported by the majority of patients [3,5]. The diagnosis of
neuropsychiatric co-morbidities in patients with MS can be challenging [6,7]. Specifically,
affective symptoms often present with manifestations that overlap with the clinical mani-
festations of MS, such as fatigue, irritability, reduced concentration, and changes in sleep
and appetite [3,5]. It has been pointed out that affective disorders can be under-diagnosed
and under-treated in patients with MS [3], despite their impact on illness progression,
functional status, health-related quality of life, and suicidal risk [5].

Pseudobulbar affect (PBA), also referred to as pathological laughing and crying or
involuntary emotional expression disorder [8], is a clinical syndrome characterized by
short, intense, and frequent episodes of laughter and/or weeping with little or absent
correlation to emotional stimuli [9]. Three subgroups of patients have been described: those
presenting with outbursts of laughing only, those with outbursts of crying only, and those
with both clinical manifestations [10]. Phenomenologically, these manifestations are barely
distinguishable from emotion-related laughing and crying, and most patients maintain
intact awareness of their symptoms, unless their underlying neurological conditions are
complicated by cognitive impairment [10,11]. Consequently, the episodes of uncontrolled
and context-inappropriate laughing and/or crying can cause embarrassment and discom-
fort that often end up in increasingly poor social interactions and isolation [11]. PBA
has been reported in the context of MS, as well as in association with neurodegenerative
conditions (Parkinson’s disease, multiple system atrophy, progressive supranuclear palsy,
amyotrophic lateral sclerosis, dementias such as Alzheimer’s disease, etc.) and focal brain
pathologies (traumatic brain injury, brain tumor, stroke, etc.) [9,11]. The pathophysiology
of PBA is complex and not fully understood; however, the available evidence suggests the
involvement of cortico-ponto—cerebellar networks that appear to be responsible for the
modulation and regulation of emotional responses [10,11].

Little is known about the exact prevalence of PBA in patients with MS, with reported
figures showing a wide variability. Outbursts of crying seem to occur more frequently than
laughing episodes and patients’ awareness is typically spared [7,12]. PBA might be more
commonly associated with advanced stages of the chronic progressive form of MS, and
appears to be linked with severe disability [12]. It does not seem to have any correlation
with MS relapses [12]; however, there might be a connection between PBA and cognitive
impairment, particularly deficits in processing speed, visuospatial memory, verbal learning,
and fluency [7,13]. The emotional incontinence that characterizes PBA is often perceived
as ego-dystonic by the patient and can cause significant social embarrassment, as well as
frustrated urges to voluntarily control it [12].

Despite its impact on the lives of both patients and their caregivers, PBA is often
underdiagnosed, partially because it can be easily confused with other psychiatric and
neurological conditions [11,14]. The resources currently available for the diagnosis are
clinical criteria that evaluate the main characteristics of this condition (Poeck’s criteria) [15]
and psychometric instruments. Poeck’s criteria for PBA include emotional response inap-
propriate to the situation, incongruence of emotions and affective response, inability to
control the duration and severity of the episode, and emotional expression not leading to a
feeling of relief for the patient. A similar set of criteria was proposed by Cummings et al.,
who emphasized the fact that PBA is a change from the individual’s normal emotional
responses [8]. These clinical criteria are not specific to patients with MS and might therefore
fail to capture clinical aspects that are intrinsic to this patient population. The psychomet-
ric instruments most commonly used to assess PBA are the Center for Neurologic Study
Lability Scale (CNS-LS), a self-report questionnaire consisting of seven questions divided
into two sections, one focusing on laughter and the other on labile tearfulness [16], and
the Pathological Laughter and Crying Scale (PLACS), an interviewer-rated instrument
comprising 16 items graded from zero (seldom or never) to three (often) [17].
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The differential diagnosis between PBA and other affective disorders, such as depres-
sion or mania, is often challenging. From a clinical perspective, the fact that the emotional
outbursts are ego-dystonic and cause significant distress to the patient, who feels unable to
control it, can prove useful in the differential diagnosis with bipolar affective disorder [12].
Reaching the correct diagnosis in a timely manner would be crucial, as PBA typically
responds to pharmacotherapy, alongside psychoeducation and psychological support [9].
We set out to conduct a systematic literature review in order to determine the prevalence
and clinical characteristics of PBA in patients with MS across the lifespan.

2. Materials and Methods
2.1. Eligibility Criteria

The protocol of this systematic literature review was registered with PROSPERO, the
international prospective register of systematic reviews (Registration ID CRD42024518201),
outlining rationale, aims, search strategy, and data synthesis plans. The review conformed
to the guidelines described in the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) 2020 statement [18,19]. Studies were included for review if they
met the following eligibility criteria with regard to participants: We included studies of PBA
in patients of all ages with a diagnosis of MS (no restrictions on time since onset of PBA).
We excluded studies on PBA due to any neurological disorder other than MS (traumatic
brain injury, stroke, amyotrophic lateral sclerosis, Alzheimer’s disease, Parkinson’s disease,
thyroid pathologies, and other conditions) by using Boolean operators and reviewing
the full texts of potentially eligible articles. As for publication type and study design,
we included original quantitative studies on PBA in MS conducted according to cross-
sectional, observational, cohort, and case—control protocols. We did not set any limits in
terms of context. Studies across different settings such as hospital, residential nursing
home, supported living, and independent living in the community were included. We
excluded qualitative studies, reviews, and unpublished “grey” literature. Studies published
in languages other than English were also excluded.

2.2. Search Strategy

Comprehensive systematic searches of MEDLINE and PsycINFO databases were com-
pleted for this review. As for the search strategy, Boolean operators (AND, OR) were used
to restrict the searches to studies focusing on PBA in patients with MS: “MS” OR “multiple
sclerosis” AND “emotionalism” OR “emotional lability” OR “emotional dysregulation” OR
“involuntary emotional expression disorder” OR “involuntary crying” OR “involuntary
laughing” OR “pathological laughing” OR “pathological crying” OR “pseudobulbar affect”
OR “emotional incontinence” OR “inappropriate laughing” OR “inappropriate crying”.
Keywords and Medical Subject Headings (MeSH) [20] were also used when completing the
search strategy.

2.3. Article Selection Process

Once the searches were completed, titles and abstracts were screened according to
eligibility criteria. If a decision for eligibility was not able to be made at the title and abstract
screening stage due to insufficient information, the full article was reviewed. Following
this, the full texts of identified studies were further screened with reasons for exclusion
noted. Reference lists of studies were hand-searched to check if any potential studies were
not captured by the search strategy. A data extraction template was designed to include
a descriptive summary of the studies included in this review [21]. Extracted data for the
included studies were as follows: authors, year, country, setting, study design, size of the
clinical sample (with age and gender distribution), diagnostic approach to MS and measures
of PBA used, prevalence of PBA, independent variables/predictors/correlates of PBA, and
other study findings in relation to the review question. Two researchers (S.C. and A.E.C.)
were involved in the data extraction process and any discrepancies were resolved through
open discussion between the researchers. These included study relevance for inclusion
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in the present review, methodological quality of the reviewed studies, and heterogeneity
in the reporting of clinical data. The final search was conducted on 28 February 2024;
therefore, only research published up to this point was included in the review.

2.4. Assessment of Methodological Quality and Risk of Bias

Due to the significant heterogeneity in how PBA was measured and the relatively
small sample sizes of the reviewed studies, a narrative synthesis was completed rather
than a meta-analysis. The systematic review followed the narrative synthesis framework of
Popay et al. [22] to describe the prevalence, clinical characteristics, and predictors of PBA
in MS. The narrative synthesis adopted a textual approach to summarize and explain the
findings of the reviewed studies, explore relationships in the data, and assess the robustness
of the synthesis.

The Quality Assessment Tool for Observational Cohort and Cross-sectional Studies
(QATOCCS) was used to rate the methodological quality of the reviewed studies [23].
According to this tool, the following features were examined: researcher bias, sample bias,
sample size, time effects, accuracy and reliability of outcome measures, drop-out rates, and
whether confounding variables were accounted for. The QATOCCS consists of 14 questions,
with each element rated using “yes”, “no”, “cannot determine”, “not reported” or “not
applicable”. Based on the ratings for individual items, the reviewed studies were critically
appraised to provide an overall rating of “good” (if at least 10 items were rated as “yes”—or
9 with additional reasons such as “not applicable”), “fair” (at least 7 items rated “yes”, but
falling short of meeting the criteria for a “good” rating), or “poor” (fewer than 7 items
rated “yes”). Finally, the reviewed studies were graded according to the level of evidence
using the Scottish Intercollegiate Guidelines Network (SIGN) system [24]. This tool assigns
scores based on the quality of evidence, with grades ranging from 1++ (for high quality
meta-analyses, with a very low risk of bias) to 4 (for expert opinion and formal consensus).

3. Results
3.1. Characteristics of the Reviewed Studies

Initial searches of the scientific databases yielded 2904 results, with a total of 1547 stud-
ies once duplicates were removed. The titles and abstracts of the studies from the search
results were assessed for eligibility and studies were excluded if they did not meet the
review criteria (1452 studies). A total of 95 studies were reviewed in full-text and reasons
for exclusion at this stage were recorded. Following eligibility checking, 16 studies were
regarded as eligible for review. The PRISMA flowchart displaying the selection process of
the reviewed studies is shown in Figure 1.

Seven of the reviewed studies had a cross-sectional design [25-31], and four a case-
control design [32-35]. We also included in our review two retrospective studies [36,37], two
case reports [38,39], and one double-blind, placebo-controlled study [40], which presented
relevant data. A summary of the methodological aspects of the reviewed studies is provided
in Table 1, whereas the main findings are presented in Table 2.
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Figure 1. PRISMA flow diagram illustrating the study selection process.

Table 1. Summary of the reviewed studies on pseudobulbar affect in patients with multiple
sclerosis—methodological aspects.

MS MS Age

Study Country Setting Study Design S(}I,I}’/E}e {{I\;I:g:\), Dial;/lr?osis PBA Measure QI?;};%(;CS Zlcf);g

PRSPy Canada TR Casecontol () Qh e TN R 2

FOlsboTss)™ Canada  SPEERET Caseconwol (3R, M o TP Good 2
S‘Aé%r&y[gg]a L India Spcehcrilaiiist Case report 1 male 38 NA asgéisrsli;aelnt Poor 3
P00s 0] America oy Dosﬁ‘lgggfl.d (24 %) (NA) Voo CNsLs>13 Good 1+

controlled trial ’

G}E%fg;r[gilal., Canada Spcelicrileiist Case—control (19 FZ/ 868%) (N417A) Mcclgg?iaald Poeck’s criteria Fair 2+
Hazi(r)r(‘l)?;rig]al., Israel Sp Cehcrilaiiist Cross-sectional (14 F% 26 4%) (234_663) cficzsza CNS-LS > 15 Good 2+

Heizi(r)r(l)grbe;]al., Israel Spcehcrile;iist Case—control G F,%O%) (324—960) cfi(’zsza CNS-LS > 17 Good 2++
Vggﬁ ?; 6a]1., USA Registry Cross-sectional (15\?1:) NA NA gk]é-(IiSSZ 11% Fair 2+

CNS-Ls>21
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Table 1. Cont.
MS MS Age
. . MS QATOCCS SIGN
Study Country Setting Study Design Sa:?})/g}e {{1\;[:;2), Diagnosis PBA Measure Rating Score
Colamonico Online . 173 49 .
etal, 2012 [27] survey Cross-sectional (145 F, 84%) (NA) NA CNS-LS > 13 Fair 2++
Brooks et al., . . 1215 49 CNS-LS > 13 .
2013 [28] Registry Cross-sectional (979 F, 81%) (NA) NA CNS-LS > 21 Fair 1+
Johnson and s
Nichols, 2015 Spel‘aqhst Case report 1 female 60 NA Poeck’s criteria Poor 3
[39] climic
Vidovié et al., Specialist . 79 49 McDonald .
2015 [29] clinic Cross-sectional (48 F, 61%) @1-71) criteria CNS-LS > 17 Fair 2-
Hanna et al., Specialist Retrospective 153 46 McDonald .
2016[36] = Canada clinic chartreview ~ (119F78%)  (21-58) criteria CNS-LS>17 Fair z
: CNS-LS> 13
Fitzgerald . . 8136 57 NARCOMS
Regist C -sect 1 o, ) CNS-LS > 17 Good 1++
etal,, 2018 [30] egistry ross-sectiona (6312 F, 78%) (NA) registry NS 00
Luhoway Specialist Retrospective 77 39 5 . _
etal,201937] C@nada clinic chart review (51 F, 66%) (18-65) NA CNS-LS>17 Fair 2
Ozer etal., Online . 442 34 McDonald .
2022 [31] survey Crosssectional (336 760,)  (16-65) criteria CNS-LS>15 Fair 2z
CNS-LS: Center for Neurologic Study Lability Scale; F: female gender; MS: multiple sclerosis; NA: not available;
NARCOMS: North American Research Committee on Multiple Sclerosis; PBA: pseudobulbar affect; PLACS:
Pathological Laughter and Crying Scale; QATOCCS: Quality Assessment Tool for Observational Cohort and
Cross-sectional Studies; SIGN: Scottish Intercollegiate Guidelines Network.
Table 2. Summary of the reviewed studies on pseudobulbar affect in patients with multiple
sclerosis—main findings.
PBA Prevalence PBA Age Psychiatric
Study (E %) (Mean, Range) PBA Features PBA Correlates Co-Morbidities
Feinstein et al., 11 (10%) Laughing and e Anxiety and
1997 [32] (7 F, 64%) 44 (NA) crying Lower IQ; higher EDSS affective symptoms
Feinstein et al., 11 (10%) Laughing and Lower IQ; chronic .

1999 [33] (7 F, 64%) 44 (NA) crying progressive MS Depression
SV;BBI;}’[E;]& L 1 male 38 Laughing NA NA
Pazrgg%h[jf)fl-' 150 (124 F, 83%) 45 (NA) La‘é‘g’;‘iirfl‘gg or NA Excluded
Ghaffar et al., 14 Laughing or Higher number of

2007 [34] (9 F, 64%) 47 (NA) crying hyperintense lesions NA

Lower IQ; greater
Haiman et al., 11 (7 E. 64% 47 (3060 Laughing or aCtlvatlonlm ?esplc‘) nse NA
2008 [25] (7F, 64%) ( ) crying to neutral stimuli in
somatosensory and
motor areas
Early and late
Hai tal Laughi event-related potential
a;g&gntge’;]a v 6 (5F 80%) 49 (32-60) alifr; llrtllg or effects in response to Excluded
o ymng subjectively significant
stimuli
PLACS > 13: 49 (10%) (NA) .
Work o 2]1 CNS-LS > 13: 231 (47%) (NA) NA Laughing or NA NA
CNS-LS > 21: 49 (10%) (NA) ying
Lower QoL; increased
Colamonico et al., o o Laughing or rate of depression; .
2012 [27] 73 (42%) (€0 F, 82%) 49 (NA) crying increased burden for Depression
caregivers
Lower QoL; increased
Brooks et al., CNS-LS > 13: 556 (46%) (NA) 49 (NA) Laughing and use of antidepressant NA

2013 [28] CNS-LS > 21: 145 (12%) (NA) crying and antipsychotic

pharmacotherapy
Nil %2&:056??&39] 1 female 60 Crying NA NA
Vidovic et al., 33 (42%) (24 F, 73%) 49 (NA) Laughing or NA NA

2015 [29]

crying
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Table 2. Cont.

Study PBA {’éeox/:slence (MIejfre lji\ag:ge) PBA Features PBA Correlates Conls\;I’;}rlggiitcies
Lower IQ; lower
: ber of years of .
Hanna et al., o Laughing or number ot ye Anxiety and
2016 [36] 58 (38%) (NA) NA crying educag]%ré,s }.11gher depression
relapsing—remi’tting MS
Lower IQ; lower
: CNS-LS > 13: 1740 (21%) (1427 F, 82%)  CNS-LS > 13: 56 (NA) .
Fltzzgglrgkigt al, CNSLS > 17: 574 (7%) (476 F, 83%) = CNS-LS > 17: 54 (NA) ~ Laughingand dn“’ﬁber“ﬁ.yﬁars Of Depression
(301 CNS-LS > 21: 174 (2%) (154 F, 89%) CNS-LS > 21: 53 (NA) crymg education; ugnher rates
of depression
Lower number of
Luhoway et al., Laughing and years of education; .
2019 371 22 (NA) NA crying fewer lesions in the Depression
posterior fossa
Lower number of
Ozer et al., Laughing or years of education; Anxiety and
2022 [31] 280 (NA) NA crying higher rates of anxiety depression

and depression

CNS-LS: Center for Neurologic Study Lability Scale; EDSS: Expanded Disability Status Scale; F: female gender; IQ:
Intelligence Quotient; MS: multiple sclerosis; NA: not available; PBA: pseudobulbar affect; PLACS: Pathological
Laughter and Crying Scale; QoL: quality of life.

According to QATOCCS scores, the methodological quality of the reviewed
studies was rated as “good” in five studies [25,30,33,35,40], “fair” in nine studies
[26-29,31,32,34,36,37], and “poor” in two studies [38,39]. PBA was assessed using the
CNS-LS in 11 of the reviewed studies [25-31,35-37,40]. Poeck’s criteria were used in four
studies [32-34,39]. Three studies [26,32,33] used the PLACS. Finally, PBA was diagnosed
according to the clinical assessment, without using standardized measures, in a single
study [38].

3.2. Prevalence of Pseudobulbar Affect

The prevalence of PBA in patients with MS was estimated in eight studies
[26-30,32,33,36] that used different assessment methods and cut-offs, resulting in a wide
range of figures, from 2% (cut-off: CNS-LS > 21) to 47% (cut-off: CNS-LS > 13). A large cross-
sectional study by Fitzgerald et al. [30] showed how, as the CNS-LS cut-off increased, the
prevalence of PBA significantly decreased: 21% with CNS-LS > 13, 7% with CNS-LS > 17,
and 2% with CNS-LS > 21. Likewise, a cross-sectional study by Work et al. [26] showed
significant variability in the prevalence rates, depending on the use of different methods to
diagnose PBA in patients with MS: prevalence figures varied from 46% when CNS-LS > 13
was used, to 10% with PLACS > 13. According to the validation study of the CNS-LS, scores
above 17 are associated to a sensitivity of 0.94 and a specificity of 0.83 for the diagnosis
of PBA in MS [16]. Therefore, based on the reviewed studies that used more rigorous
diagnostic procedures and more stringent cut-offs, it was possible to derive a conservative
prevalence figure for PBA in the context of MS ranging between 2% and 10%, with a
median of 10% as reported by two large samples reported in three studies [26,32,33]. With
regard to gender, nine studies reported a higher prevalence of female patients with MS
diagnosed with PBA [25,27,29,30,32-35,40]. In five of the remaining studies, gender was
not specified [26,28,31,36,37], whereas the two case reports described one male patient [38]
and one female patient [39], respectively.

3.3. Clinical Correlates of Pseudobulbar Affect
3.3.1. Cognitive and Affective Symptoms

A mix of laughing and/or crying was reported in all the studies with the exception
of the two single case reports of a male with pathological laughing [38] and a female
with pathological crying [39]. Four studies [30,31,36,37] found a correlation between
diagnosis of PBA and lower educational level of patients with MS. An association between
PBA and cognitive impairment was found in five studies [25,30,32,33,36], while patients
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with severe cognitive impairment were excluded from three studies [29,35,37]. As for
co-morbid psychiatric disorders, relevant clinical data were available from seven studies
reporting affective symptoms or depression [27,30-33,36,37] (patients with psychiatric
co-morbidities were excluded from two studies [35,40]). Co-morbid anxiety was reported
in three studies [31,32,36]. The study by Ozer et al. [31] documented worse anxiety and
depression in patients with PBA.

3.3.2. Quality of Life and Disability

Moreover, Brooks et al. [28] found a direct correlation between use of psychotropic
medication and CNS-LS scores, as well as an association between the presence of PBA
and poorer quality of life. Likewise, Colamonico et al. [27] found higher levels of distress,
absenteeism, and reduced work efficiency in patients with PBA and their caregivers. Two
studies [32,36] assessed the level of disability using the Expanded Disability Status Scale
(EDSS), finding higher scores in patients with PBA.

3.4. Pathophysiology of Pseudobulbar Affect
3.4.1. Clinical Course

The studies that assessed the relationship between PBA and the course of MS found
conflicting results: in the study by Feinstein at al. [33], 91% of patients with PBA had
chronic progressive MS, whereas in the study by Hanna et al. [36], 74% of patients were
affected by relapsing-remitting MS.

3.4.2. Structural Neuroimaging

The phenomenology of PBA in patients with MS was found to be similar to that re-
ported by patients with PBA in the context of other neurological conditions, suggesting that
the clinical manifestations are influenced by the anatomical location of the brain lesions [28].
Specifically, these lesions disrupt cortico-ponto—cerebellar networks responsible for reg-
ulating emotional expression. Ghaffar et al. [34] observed significantly higher brainstem
hypointense lesion volume in individuals with PBA, along with differences in hyperintense
lesion volume in five regions (left medial inferior frontal, left inferior parietal, right medial
superior frontal, right medial inferior frontal, and right inferior parietal). According to
a logistic regression model explaining 70% of the variance, brainstem hypointense, left
inferior parietal hyperintense and left and right medial inferior frontal hyperintense le-
sion volumes predicted the development of PBA. Luhoway et al. [37] also assessed lesion
volume and location in patients with MS and found that PBA was associated with fewer
posterior lesions.

3.4.3. Functional Neuroimaging

Patterns of brain activations in response to emotional and neutral stimuli were inves-
tigated in patients with PBA in the context of MS. Haiman et al. [25] detected increased
activity in somatosensory and motor areas in response to neutral stimuli, suggesting greater
emotional reactivity to neutral stimuli in specific brain areas among individuals with PBA
compared to those without PBA. A further study by the same group found specific activa-
tions in areas involved in emotional processing and visual processing in response to neutral
stimuli [35].

3.5. Treatment of Pseudobulbar Affect

Three studies [35,39,40] addressed the treatment of PBA, with focus on pharmacother-
apy. In the absence of evidence-based guidelines to refer to, the studies had an exploratory
nature. The possible effects on PBA of disease-modifying treatment for MS was not ad-
dressed. A large randomized double-blind placebo-controlled trial by Panitch et al. [40]
found a significant reduction in the severity and frequency of PBA episodes, with a de-
crease in CNS-LS scores, after dextromethorphan/quinidine therapy compared to placebo.
Collateral findings included a rapid and sustained pharmacological action and a potential
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beneficial effect on chronic pain, as well as an overall favorable safety profile. A case—
control study by Haiman et al. [35] showed an improvement in cognitive and behavioral
performance (with reduction of positive symptoms and disinhibition) after treatment
with dextromethorphan/quinidine, with normalization of electrophysiological parame-
ters. Finally, Johnson and Nichols [39] found that treatment with valproic acid resulted in
significant improvement in symptoms of PBA in one patient with MS.

4. Discussion

The results of our systematic literature review provided an estimate prevalence figure
for PBA in the context of MS ranging between 2% and 10%, based on the studies that used
more rigorous diagnostic procedures and more stringent cut-offs. The overall findings are
highly variable, as previously reported [11]; however, the median figure of 10% could be
extrapolated from the available evidence. The exact prevalence of PBA in MS appears to
be difficult to establish due to the implementation of heterogeneous diagnostic protocols
across the individual studies. Moreover, the relatively common occurrence of psychiatric
co-morbidities (especially affective symptoms or depression) in the clinical samples could
introduce potential confounding factors.

The observed correlation between PBA and the female sex suggests a greater suscepti-
bility of women with MS to the development of this pathological condition. Preliminary
evidence also indicates that a lower level of education could be a risk factor for the develop-
ment of PBA and cognitive decline in the context of MS. The correlation between PBA and
cognitive impairment of varying degrees indicate that cognitive deficits in MS could serve
as both a risk factor for the development of PBA and a direct or indirect consequence of
it [7,12]. With regard to psychiatric co-morbidities, the reviewed literature also highlighted
a correlation between PBA and affective symptoms or a formal diagnosis of depression.
There is a degree of overlap between the two clinical pictures; however, it is important to
underline that the clinical manifestations of PBA strongly impact the emotional, psycho-
logical, and social aspects of patients’ lives, potentially facilitating the onset or worsening
of depression. In general, PBA in the context of MS tends to increase patients” overall
disability, resulting in poorer quality of life, decreased autonomy, and distress for both
patients and their caregivers. However, caution is needed in the interpretation of these
data, in the light of the well-known challenges in the differential diagnosis between PBA
and other neuropsychiatric co-morbidities that can mimic its symptoms.

Our review confirmed the existence of conflicting results about the relationship be-
tween PBA and MS course: both the relapsing—remitting course and the chronic progressive
course have been reported to be selectively associated with the development of PBA [12].
These data remain difficult to interpret, also in consideration of the fact that a few studies
included only patients affected by a particular MS course—there is a clear need for further
research addressing the relationship between MS course and PBA.

The results of the reviewed studies shed some light on the pathophysiology of PBA,
as lesions in specific brain areas, especially within the brainstem, were consistently found
to be more strongly associated with the development of this condition in the context
of MS. Of relevance are the results of the studies using magnetic resonance imaging in
patients with PBA compared to patients without PBA [34,37]. Previous studies primarily
focused on the combined role of the brainstem and the cerebellum, particularly of the
cortico—ponto—cerebellar networks [10,11]. Moreover, there is evidence that the presence
of PBA results in abnormal and excessive activation of certain brain areas in response to
neutral stimuli, particularly areas of the somatosensory cortex and regions involved in
emotion processing and visual stimuli, which may explain the incongruous emotional
reactions (uncontrollable laughter or crying) typical of PBA [25]. Taken together, these
findings suggest that disinhibition of a gate control mechanism for emotional expression
might lead to the lower emotional expression threshold of PBA. Finally, it has emerged
that the development of PBA is more closely linked to the cerebral localization of the
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lesions affecting the central nervous system lesions, rather than to the specific type of
neurological pathology.

Therapeutic options for PBA have been examined in a limited number of studies,
mainly focusing on patients with other neurological disorders. Specifically, there is a lack
of evidence about the pharmacotherapy of PBA in patients with MS, and little is known
about the possible effects of disease-modifying treatment on PBA in this patient population.
In general, serotonergic pharmacotherapy appears to be effective in the treatment of PBA,
with dopaminergic pharmacotherapy as a valid alternative in case of contraindications
to serotonergic agents [9]. In addition to selective serotonin reuptake inhibitors, other
commonly used antidepressants such as duloxetine, venlafaxine, and mirtazapine have
been shown to be potentially useful, with rapid improvement in symptoms (often within
a few days), further suggesting that PBA and depression are distinct clinical entities [12].
The combination of dextromethorphan and quinidine (to date, the only FDA-approved
treatment for PBA) has uncompetitive NMDA receptor antagonist properties resulting in
good tolerability, as well as an excellent efficacy profile both in the short and long term,
as assessed by disease-specific measures [41,42]. In a double-blind experimental study on
dextromethorphan and quinidine therapy with an average observation period of 89 days,
patients with MS and PBA reported reduced CNS-LS scores, frequency of symptoms, and
pain intensity, as well as improved quality of life and social relationships, compared to
the placebo group [40]. A further controlled study with a relatively small sample size (six
patients and six controls) found significant electrophysiological changes in brain activity in
patients after treatment with dextromethorphan and quinidine [35]. Available alternative
options include valproic acid, which proved successful in the treatment of PBA in a patient
with MS who had failed to respond to the dextromethorphan/quinidine combination [39].

The reviewed studies varied in both methodological quality and level of evidence.
Most studies were conducted on small samples of patients, due to the relatively low
prevalence of PBA in MS and/or to difficulties in patient recruitment. In addition to
publication bias, selection bias could have affected the recruitment process in clinic-based
samples. The studies with the largest sample sizes had access to large patient registries,
so that questionnaires were administered remotely [26,28,30]. Confounding factors could
have affected the results of the reviewed studies, especially where patients with depression
or on antidepressant therapy were not excluded from the clinical samples [30]. Potentially
confounding factors related to co-morbid conditions could only be accounted for where
relevant clinical data were available (half of the 14 studies in which patients with psychiatric
co-morbidities had not been excluded). For example, patients with MS might have other
neuropsychiatric disorders prone to the development of PBA, and younger patients might
have a known family burden on other conditions that carry a susceptibility towards PBA.
Moreover, there was variability in the diagnostic instruments used to diagnose PBA. Most
of the reviewed studies (11 out of 16) employed the CNS-LS questionnaire. Despite being
the only validated tool for the diagnosis of PBA in patients with MS and being easy to
administer, the CNS-LS has a few possible shortcomings: First, it is a self-reported tool
that does not incorporate the clinician’s impression. Second, the reviewed studies used
different cut-off scores for the diagnosis of PBA: three studies showed that small differences
in cut-off scores resulted in significantly different prevalence rates of PBA in MS [26,28,30].
Overall, due to the lack of uniformity in the choice of the diagnostic score, calculating
the prevalence of PBA becomes more complex. Third, it has been highlighted that higher
CNS-LS scores are associated with a higher prevalence of depression and/or a greater use
of psychopharmacology, potential confounding factors for the diagnosis of PBA in patients
with MS [28].

The search strategy of our systematic literature review has intrinsic limitations. The
study selection process may be subject to publication bias, as studies with significant results
are more likely to be published. Additionally, we may have missed out potentially relevant
studies published in languages other than English and/or indexed in databases that were
not searched. Finally, despite efforts to minimize bias, subjectivity in study selection and



Sclerosis 2024, 2

196

data extraction could have affected our results. These limitations underscore the importance
of cautious interpretation of our findings and prompt further work using complementary
research methodologies.

Based on the results of our systematic literature review, it would be important for clin-
icians to pay particular attention to the differential diagnosis of emotional dysregulation in
the context of MS, considering PBA alongside other affective disorders, and acknowledging
potential overlaps in their clinical presentations. Specifically, in the absence of MS-specific
screening instruments, patients with MS should be screened for PBA using both validated
clinical criteria (e.g., Poeck’s criteria) and self-report psychometric tools (e.g., CNS-LS
questionnaire) with conservative cut-offs (e.g., CNS-LS > 17 for clinically significant PBA
and CNS-LS > 21 for more severe PBA) in order to improve specificity for a condition
that can be easily misdiagnosed. In the absence of evidence-based guidelines and large
trials comparing serotonergic agents with other pharmacological options, the treatment of
PBA in patients with MS should be tailored on the individual clinical presentation, taking
into account disease-related factors and concomitant pharmacotherapy for the underlying
condition (Figure 2).

PSEUDOBULBAR AFFECT IN PATIENTS WITH MULTIPLE SCLEROSIS

PREVALENCE —i—p DIAGNOSIS —I—; TREATMENT

* Upto 10% of patients Clinical criteria Psychoeducation

* Riskfactors: (Poeck’s criteria) * Psychotherapy
female gender, * Self-report * Pharmacotherapy:
brainstem lesions psychometric serotonergic

* Confounders: instruments (Center agents,
co-morbid for Neurologic dextromethorphan
affective disorders Study-Lability Scale) and quinidine

Figure 2. Conceptual model of the prevalence, diagnosis, and treatment of pseudobulbar affect in
patients with multiple sclerosis, based on the findings of the present literature review. The arrows
indicate the flow of the thought process, from clinical suspicion to management.

5. Conclusions

According to the results of our systematic literature review, up to one in ten patients
with MS can present with PBA. Clinicians should be prompted to consider this condition
in the differential diagnosis of emotional disorders in the context of MS by using both
clinical criteria and psychometric instruments and to implement treatment strategies as
appropriate. Further studies should be conducted on larger and more diverse clinical
samples using standardized diagnostic methodologies. Specifically, it would be useful to
validate CNS-LS cut-off scores in different patient populations (for both diagnostic and
treatment outcome purposes), accounting for the presence of co-morbid depression as a
possible confounding factor. Another knowledge gap that needs to be addressed concerns
the risk factors for the development of PBA in the context of MS. Inter-individual variables,
including lesion localization and use of disease-modifying treatment, should be taken into
account when devising future studies. A better understanding of the pathophysiological
processes involved would facilitate the implementation of preventive measures and early
diagnosis, as well as the development of targeted therapeutic strategies for the clinical
management of this disabling condition.
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