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Pathological laughing and crying (PLC) is a clini-
cal condition that occurs in patients with various
neurological disorders. It is characterized by the
presence of episodic and contextually inappropri-
ate or merely exaggerated outbursts of laughter
andfor crying without commensurate feelings.
This review provides an in depth analysis of the
neuroanatomy of lesions seen in patients with this
clinical condition, discusses the relevant func-
tional neuroimaging and electrophysiological
stimulation studies in human subjects, and sum-
marizes the current treatment options. It con-
cludes with a presentation of the remaining ques-
tions and directions for future research.

(The Journal of Neuropsychiatry and Clinical
Neurosciences 2009; 21:75-87)

The Clinical Phenotype

Emotional experience is the subjective feeling during an
emotional event whereas emotional expression is the ob-
jective behavior that is expressed during such event, in-
cluding changes in autonomic functions such as heart
rate'? and skeletal movements such as facial expression.
Both the experience and the expression of an emotion
are dependent in part upon the cognitive appraisal of
the emotional stimuli which are triggering it, as re-
viewed extensively by others.? While many psychiatric
conditions lead to a problem with emotional experience
(e.g., mood disorders), many patients with neurological
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disorders suffer from problems with dysregulation of
emotional expression. In these patients the problem in-
volves mostly the expressions of laughter or crying.
While some patients exhibit problems with only laugh-
ter, others have problems with only crying, and some
exhibit problems with both. Although these patients do
not laugh or cry at all times, when they do, the actual
behavior of laughing or crying is often indistinguishable
from normal acts of laughter and crying. Because the
outbursts may occur in socially inappropriate times, this
problem causes social handicap and suffering. In these
patients, the actual motor behavior resembles normal
laughing or crying behavior, so the problem of these pa-
tients is not simply in generating the motor act, as seen
in patients with motor paresis or paralysis, or the flat
affect encountered in patients with Parkinson’s disease.
Insight is spared unless the affected patient’s awareness
or consciousness is impaired. Most patients have accu-
rate knowledge of cognitive, affective, and social norms
of the moment and of the context in which their inap-
propriate emotional expression takes place.” Many of
them are embarrassed by their inappropriate emotional
display, which they cannot voluntarily prevent from
happening or stop once it has occurred. The problem in
these patients is clinically different than a mood disor-
der in which a pervasive and sustained change in emo-
tional experience causes excessive but congruent emo-
tional expression. Unlike mood disorders, inappropriate
emotional expression in these patients is not a sustained
phenomenon but a paroxysmal and episodic one. More-
over, the clinical phenotype, instead of being secondary
to the problem of manic or depressive mood, is due to
a dysregulated generation of an expression in the ab-
sence of a congruent or commensurate feeling. The clini-
cal condition in our discussion is also a different entity
than labile emotions seen in patients with personality
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disorders or in patients with emotional lability due to a
general medical condition who change their emotional
experience from extreme happiness to extreme sadness or
vice versa. Again, the major distinguishing factor for the
clinical phenotype in our discussion is the disassociation
between emotional experience and expression. In some
patients the expression of laughter or crying is incon-
gruent with, or even contradictory to, the mood of the
patient and to the emotional valence of the provoking
stimulus, or is elicited chaotically without any trigger or
by a stimulus without a clear emotional valence. Some
may even switch from one expression to another in the
setting of the same triggering stimulus. In other patients,
emotional expression may not be absolutely incongru-
ent with the mood of the patient or the valence of the
triggering stimulus. However, the emotional expression
of laughing or crying is “pathologically” exaggerated in
intensity and frequency compared with the patient’s
premorbid baseline. For example, a patient who never
used to cry develops frequent weeping episodes that are
excessive and exaggerated to the context in which they
occur.

In summary, the clinical condition is about generating
an emotional expression that is contextually inappro-
priate either because it is without any congruent or com-
mensurate feeling, or because it is excessively exagger-
ated compared to the patient’s premorbid baseline. In
either case, the condition is pathological because out-
bursts of contextually inappropriate laughing or crying
cause social handicap and suffering for patients or their
caretakers.

Terminology
The clinical condition has been known by different
names, but the most widely used terms are “pseudo-
bulbar affect,” “emotional lability,” “emotional inconti-
nence,” and “pathological laughter and crying” or
“pathological laughing and crying.”* Recently, a group
proposed the further term of “involuntary emotional ex-
pression disorder” or IEED.” The terminology of this
clinical condition has been confusing.® Different terms
have been used to describe the same clinical presenta-
tion or similar terms are used for clinically different con-
ditions.® In addition, some of these terms have their own
inherent problems,” a discussion of which is beyond the
scope of this report.

The aim of this report is not to focus on the problem
of nosology. Instead, the primary aim of this review is
to provide an in-depth analysis of the neuroanatomy of
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lesions leading to disassociation of emotional expression
from emotional experience. Toward this aim, we will
focus on clinical expressions where every clinician can
argue beyond a reasonable doubt that there is a patho-
logical problem with emotional expression that is not
due to an underlying mood or personality disorder.
Therefore, we will focus on cases in which there is a clear
incongruence between the experienced and expressed
emotion. In these cases, the term pathological laughing
(or laughter) and crying (PLC) has been favored his-
torically in the literature.*®’

Neurological Disorders Causing PLC

The precise prevalence of PLC in various neurological
disorders is difficult to determine given the nosological
problem discussed above. In addition, many of the stud-
ies of PLC did not use any specific diagnostic criteria
and, in each study, the scope of the problem has been
largely estimated in a small sample of cases. Thus the
prevalence of PLC in various neurological disorders is
largely based on limited and sketchy data (Table 1).
These limitations aside, the problem of PLC has been
encountered in varying frequency and severity in pa-
tients suffering from stroke,>*'° traumatic brain in-
jury,'®!” multiple sclerosis,'®* amyotrophic lateral scle-
rosis, "™  brain  tumor,'"***  central pontine
myelinolysis,” Parkinson’s disease,”” and the cerebellar
type of multiple system atrophy.* The scope of the prob-
lem in dementia is obscured by assessment differences
among studies. In one report, the authors defined the
problem as simply “observable sudden changes in emo-
tional expressions”®" and observed it in about 74% of
mildly to moderately impaired patients with Alzhei-
mer’s disease. In contrast, Starkstein and colleagues®

TABLE 1. Causes of Pathological Laughing and Crying*

Disease Prevalence
Amyotropic lateral sclerosis 49%
Multiple system atrophy — cerebellar

type 36%
Cerebrovascular disease 11-34%
Multiple sclerosis 10%
Parkinson’s disease 4-6%
Traumatic brain injury 5-11%
Dementia Unknown
Migraine Unknown
Progressive supranuclear palsy Unknown

More often seen with
mass lesions in the
cerebellopontine junction

Mass lesions

*References in (4).
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used the Pathological Laughing and Crying Scale
(PLACS) in their study of 103 patients with Alzheimer’s
disease. Of these patients, 40 had problems with laugh-
ing and crying. However, it is noteworthy that 21 of
these 40 patients also had an underlying congruent
mood disorder. The authors labeled these patients as
having “emotional lability,” which they defined as
“pathological laughing and crying with an underlying
mood disorder,” not specifying whether the seemingly
labile episodes of emotional expression were secondary
to an underlying lability of emotional experience.

Localization of Lesions in PLC

Most disorders in which PLC has been reported cause
widespread damage to the cortical mantle or the sub-
cortical white matter. Thus a clear correlation between
the location of a lesion and the clinical phenotype may
not be easily established. However, in some unique in-
stances, small lesions confined to specific brain regions
have been described. A systematic study of the location
of such lesions will help us toward a better understand-
ing of the pathophysiological mechanism(s) underlying
this clinical condition. In the following text, we will re-
view the evidence from classical and modern lesion
studies. It should be noted that in many of these studies,
the clinical condition was either defined vaguely or ac-
cording to diagnostic criteria that would not have sat-
isfied the current criteria. In the review of a given study,
we will highlight this problem when applicable.

Classical Evidence: Prior to Neuroimaging Era

Oppenheim and Siemerling™ in 1886 described cases of
exaggerated emotional behavior in patients with lesions
along the descending pathways to the brainstem. Op-
penheim® coined the term “pseudobulbar affect” as
“spasmodic explosive bursts of laughter or weeping”
and concluded that lesions causing the problem rarely
occupy the motor cortices. Instead, he stated that as a
rule, they are situated in the subcortical white matter—
especially corresponding to the posterior portions of the
frontal lobe—in the internal capsule, or the basal gan-
glia. Bechterew™ suggested that PLC was caused by le-
sions in the thalamus. In contrast, Brissaud®**’ sug-
gested that the integrity of the thalamus was essential
to the appearance of “spasmodic laughter or weeping”
and that the causative lesion must be one involving the
anterior limb of the internal capsule, which he called the
faisceau psychique. In his publication about the PLC, Wil-
son® also concurred with Brissaud and argued that soft-
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ening of the anterior limb of the left internal capsule is
mostly notable in cases of PLC. He suggested that the
lesions must involve corticopontine, corticobulbar, and
corticospinal tracts originating from the frontal oper-
culum and lower end of the precentral gyrus, which de-
scend through the anterior limb of the internal capsule.
In 1903, Charles Fere® described fou rire prodromigue, de-
fined as an explosive and continuous laughter without
a congruent emotional component due to an apoplectic
event. Later autopsy studies of similar cases with fou rire
prodromique revealed softening of the right lenticular nu-
cleus and posterior capsule and degeneration of the an-
terior capsule, or bilateral pontine, caudate, and internal
capsule ischemia or bilateral thalamic hemorrhages with
intraventricular extension.***! In the 1950s, Redvers
Ironside'’ reported cases of single brainstem gliomas in
the cerebellopontine angle and studied patients with
amyotrophic lateral sclerosis (ALS) who had developed
PLC, which he defined as involuntary, spasmodic, un-
controllable, and prolonged attacks, superficially resem-
bling the motor manifestations of natural laughter or
crying that occur without the appropriate emotional
feeling. Based on post-mortem analysis (in an unknown
number of patients), he concluded that “pathological
laughter disorder is most frequent in disease of both
hemispheres interfering with cortico-hypothalamic and
corticobulbar tracts controlling faciorespiratory mecha-
nisms.” Poeck and Pilleri,*? from a summary of the find-
ings of 30 cases verified at autopsy in the literature, con-
cluded that single circumscribed cortical lesions were
not sufficient to cause PLC, which they defined as epi-
sodes of laughter or crying without association with the
patient’s feelings. In contrast, subcortical lesions in the
anterior limb of the internal capsule were reported in all
30 cases. The thalamus was only involved in two cases,
and the hypothalamus, the red nuclei, and the substan-
tia nigra remained intact in all cases. In a review of lit-
erature, Poeck®® found an additional 22 cases of PLC in
all of which the anterior limb of the internal capsule was
reportedly damaged.

It should be noted that, prior to the neuroimaging era,
brain lesions were primarily studied with the autopsy
method, which may be limited in its spatial resolution.
For instance, the microscopical analysis is performed on
samples taken randomly from a few sites in the brain,
and a comprehensive image of the CNS is thus unat-
tainable. The brain is often dissected into 1-2 cm serial
slices, and therefore small lesions often go undetected.
Given this poor spatial resolution, even if a larger lesion
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is detected it will remain unclear if other lesions have
been missed. In addition, a lesion seen on an autopsy
specimen may or may not correlate in time with the on-
set of the clinical phenotype. Thus a causal relationship
between a lesion and the clinical phenotype may remain
hypothetical. Therefore, it is safe to state that the method
of localizing lesions prior to the advent of modern neu-
roimaging methods was severely limited and the con-
clusions made in those studies must be taken with cau-
tion.

Modern Evidence: In the Neuroimaging Era

Since the invention of CT or MRI, a large number of
studies aimed at establishing pathoanatomical correla-
tions have been performed in patients with identifiable
lesions. Although most of these cases are from patients
with stroke or mass lesions, a few exceptional studies
have also been reported in cases of demyelinating or
neurodegenerative disorders.

Stroke Kim and colleagues® reported a prospective
study of 148 patients who visited the outpatient clinic
because of poststroke “behavioral symptoms.” Kim and
colleagues asked the patients or their relatives if the pa-
tient had shown “excessive or inappropriate laughing.”
If either the patient or the relative confirmed more than
two occasions of excessive or inappropriate laughing,
the authors scored them as having “emotional inconti-
nence.” The location of the lesions was detected by CT
or MRI This study revealed that poststroke “emotional
incontinence” occurred more frequently after stroke in
the lenticulocapsular region, basis pontis, medulla ob-
longata, or the cerebellum. As noted earlier in studies of
pathological laughing and crying, the definition of the
problem often suffers from vague measures and that it
is often defined significantly differently across different
studies. For instance, in a similar study by House and
(:olleagues44 in 1989, the problem of “emotionalism” was
defined based on three questions: have you been more
tearful; does the crying come suddenly at times when
you are not expecting it; if you feel that tears are coming
on, and if they have started, can you control yourself to
stop them? From their report, it is unclear how the au-
thors distinguished significant from nonsignificant
“emotionalism.” They studied the site of ischemic in-
farcts on head CT scans obtained from 128 patients with
first-time stroke. They found “emotionalism” in 15% at
1 month, in 21% at 6 months, and in 11% of patients at
12 months. Patients with “emotionalism” had larger le-
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sions and significantly higher scores on measures of
mood disorders, psychiatric problems, and intellectual
deterioration.* Andersen and colleagues,® in a short
communication, reported “pathological crying” defined
as a “condition in which episodes occur in response to
minor stimuli without associated mood changes” in 12
patients with stroke. Of these patients, only four had
isolated brainstem lesions whereas the others had brain-
stem and large hemispheric lesions (n=4) or no brain-
stem lesion at all (n=4). One of the patients had an iso-
lated cerebellar lesion. Among the four patients with
isolated brainstem lesions, one had a large (>2 ml) le-
sion in the pons, another had a medium size (1-2 ml)
lesion (location in the brainstem unclear), and the last
two had only small (<1 ml) lesions (location in the
brainstem unclear). Although the authors allude to a
ventral location within the basis pontis, lesion locations
in these patients lacked clear descriptions, making pa-
thoanatomical correlations inconclusive. The authors
nevertheless conclude that the lesions must have dam-
aged the serotonergic nuclei in part because the patients
responded to serotonergic therapy. Of note, the seroto-
nergic system is not located in the ventral pons. Rather
it is located posteriorly in the core of brainstem tegmen-
tum, lesions of which are often associated with coma.*®
Kataoka and colleagues* studied 49 patients with acute
paramedian pontine infarcts and classified them into
paramedian, paramedian-tegmental, and tegmental.
“Pseudobulbar affect with pathological laughing” (de-
tails of diagnosis unknown) was seen only in patients
with paramedian basilar infarct, whereas none of the
tegmental lesions caused pathological laughing. Arif
and colleagues® reported a patient with a large para-
median basis pontis lesion who developed “pathologi-
cal laughing” triggered by swallowing liquids but not
solids. In keeping with these findings, Gavrilescu and
Kase® reported that PLC is often associated with in-
farcts limited to the medial, rather than the lateral, ter-
ritory of the basilar artery. Similar results were obtained
by Kim and colleagues'® who studied 37 patients with
acute infarcts involving the base of the pons. They re-
ported four cases with “transient uncontrollable laugh-
ter or excessive crying followed by inappropriate smil-
ing,” and in all four, the lesion was in the paramedian
basis pontis region. Paramedian pontine infarcts are par-
ticularly important because a single lesion in this terri-
tory causes bilateral damage to neurons in the basis pon-
tis and their projections to the cerebellum. Thus a single
paramedian pontine lesion will cause bilateral and
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widespread compromise in the pontocerebellar system.
Parvizi and colleagues'* described the case of a patient
with PLC (with a score of 20 on the Pathological Laugh-
ing and Crying Scale developed by Robinson et al."®).
This patient had cerebellar deficits in bedside testing
and a significant impairment in aspects of executive
functions as measured by the Tower of Hanoi task in
formal neuropsychological testing. A high resolution
MRI revealed five small lesions, the largest of which was
12 mm in diameter. These lesions affected the cerebellar
white matter (three lesions) or the paramedian basis
pontis (one lesion) where cerebrocerebellar pathways
are relayed to the cerebellum. One small lesion (~2 mm)
was located in the left cerebral peduncle in its poster-
iolateral segment, at the site of descending tracts origi-
nating from the posterior quadrant of the brain to the
brainstem. The patient was otherwise free of any other
lesions in the frontoparietal or subcortical sites. Based
on these observations, Parvizi and colleagues suggested
that the problem of emotional dysregulation in their pa-
tient was due to the disruption of descending pathways
from the brain (such as the frontal lobes) to the cerebel-
lum through the basis pontis. Additional cases have con-
firmed the importance of basis pontis in PLC. Tei and
Sakamoto™ reported a case of a 69-year-old woman who
presented with right hemiparesis accompanied by
“pathological laughter” after an infarct in the basis pon-
tis. Larner’' described a case of “pathological crying”
with basilar artery occlusion. Doorenbos and col-
leagues™ reported a case of a 73-year-old right handed
man with left basis pontis (and cerebellar) hemorrhage,
who developed “forced involuntary laughter” when-
ever his left hand developed cerebellar intention tremor.
For instance, each time he lifted his left arm, which then
started shaking, the patient would exclaim “Oh, my!”
or “here we go again” and would start laughing uncon-
trollably. Finally, Lauterbach and colleagues® reported
a case of a 62-year-old woman with a small infarction in
the thalamus who developed pathological laughter
along with myoclonus, dysdiadochokinesia and dys-
coordination, consistent with cerebellar outflow inter-
ruption.

Mass Lesions In 1976, Achari and Colover'® reported
two patients with “pathological laughter,” in both of
whom a single tumor had been imaged in the cerebel-
lopontine angle. Pathological laughing disappeared in
both patients after the tumor’s surgical removal. As re-
viewed by Hargrave and colleagues,” to date nearly 20
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similar cases of PLC have been reported in the literature
to be associated with cerebellopontine angle tumors. For
instance, Shafqat and colleagues® described a case of
PLC in a patient with an extra axial retroclival mass
compressing the left more than the right basis pontis.
Nadkarni and Goel™® reported a case of a 48-year-old
woman with pathological laughter caused by a trochlear
neurinoma in the cerebellopontine angle pushing on the
basis pontis and right middle cerebellar peduncle. Ma-
tsuoka and colleagues® reported a case of a 40-year-old
man with a clival chordoma pushing on the basis pontis
and pathological laughter. Pollack and colleagues™ re-
ported “pseudobulbar symptoms” in children after the
resection of posterior fossa tumors. In 12 of 142 patients
with similar surgeries, patients with “pseudobulbar
symptoms” had a significantly increased incidence of
bilateral edema within the cerebellar peduncles. Bhatji-
wale and colleagues® reported the case of four patients
with large trigeminal neurinomas compressing the basis
pontis who presented with pathological laughter. Parv-
izi and Schiffer”® reported a 70-year-old man with ex-
aggerated cerebellar tremor in parallel with exaggerated
crying, defined as crying episodes in situations that
would not have normally caused him to cry. This pa-
tient’s brain MRI revealed a midline cerebellar cyst
without any evidence of other pathology. This patient
had impairment in tasks requiring sustained attention
and working memory, and on learning tasks that in-
volved interference and distraction. He was weak in se-
quencing and switching from one cognitive set or strat-
egy to another. He was inclined toward mild
perseveration and showed lowered self-control and dis-
regard for details of instruction. Similar deficits have
been reported in patients with cerebellar lesions.”’ Re-
cently, Famularo and colleagues®’ reported a 53-year-old
man who presented with “intense and uncoordinated
laughter.” A mass consistent with ependymoma was
found in the cerebellar vermis abutting the floor of the
fourth ventricle, which upon resection resulted in re-
solving the patient’s symptoms.®'

Neurodegenerative or Demyelinating Disorders ~ Com-
pared to single lesions seen in the cases of vascular and
mass lesions, patients with demyelinating or neurode-
generative disorders may have widespread lesions in
the brain, and establishing a pathoanatomical relation-
ship in these afflicted patients may be difficult. How-
ever, a few exceptions are noteworthy. Okuda and col-
leagues® using brain MRIs reported the case of a
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16-year-old girl with multiple sclerosis who presented
with “pathological laughter” in the context of an acute
bilateral lesion in the cerebral peduncles. In a retrospec-
tive chart review of 28 patients with cerebellar multiple
system atrophy, Parvizi and colleagues® found a prob-
lem with pathological laughter, crying, or both in 10 pa-
tients. The problem was specified in the medical charts
as pseudobulbar laughing or crying. All these cases had
been examined with brain MRI, and the brain of one
patient with PLC was examined postmortem in autopsy,
showing pathological changes in the cerebellum, basis
pontis, pontocerebellar fibers, inferior olivary nuclei,
and the olivocerebellar fibers. There were no signs of
degeneration in the corticobulbar or corticospinal tracts
or serotonegric raphe nuclei. Ghaffar and colleagues®
studied the brain MRIs in 14 multiple sclerosis patients
with PLC and 14 without PLC. Their results suggested
that patients with PLC had more lesions in the brain-
stem, inferior parietal, medial inferior frontal, and right
medial superior frontal regions.*®

Summary For the purpose of establishing a pathoana-
tomical correlation, the clinical phenotype must be
clearly identified and detailed. As discussed earlier in
the text, many of the studies reviewed above have de-
fined the clinical phenotype of PLC in vague terms with-
out specifying the details of their diagnostic criteria. Es-
tablishing a firm pathoanatomical conclusion on the
basis of such evidence may therefore be limited. In spite
of these limitations, the evidence reviewed above sug-
gests strongly that the basis pontis stands out as the only
identified site where a discrete lesion can cause PLC.
Other anatomical sites that are often associated with
PLC are internal capsule, cerebral peduncles, and the
cerebellum. (Table 2)

What makes these structures important for the regu-
lation of emotional expression? Is there additional evi-
dence from functional and anatomical studies to sup-
port the role of these structures in regulation of
emotional expression? Are these structures also part of
the same network that is involved in emotional experi-
ence and its regulation (i.e., mood and feelings)? In the
following text, we will review the current state of knowl-
edge from functional studies to address these questions.

Neurophysiological Studies of Emotional Expression

Electrophysiological Stimulation Studies Mirthful laugh-
ter, feelings of sadness, and a range of other emotional
responses, have been elicited by electrical or mechanical
stimulation of a variety of cortical and subcortical areas
in humans.®*® However, the isolated motor compo-
nents of laughing (without mirth) and crying (without
sadness) characteristic of PLC have been produced by
stimulation at only a few sites.””””” Okun and collegues”
reported uncontrollable crying without sadness in a pa-
tient after deep brain stimulation of the left subthalamic
nucleus (STN) for Parkinson’s disease. It is important to
note that this patient had a left pallidotomy 8 years prior
to the insertion of the ipsilateral STN electrode. Also
noteworthy is the fact that the stimulation was per-
formed through monopolar electrodes with possibility
of current spread to the adjacent structures such as the
white matter in the internal capsule. Stimulation
through any of four electrode channels within the left
STN produced uncontrollable crying. The authors spec-
ify that the crying episodes in this patient occurred with-
out any congruent changes in her mood. They also spec-
ify that stimulations in the most ventral channel induced

TABLE 2. Neuroanatomical Structures Implicated in PLC

Structure Location

Neuroanatomical Significance

Prefrontal cortex and anterior cingulate Frontal lobe

Internal Capsule In the cerebral hemispheres

Thalamus Diencephalon
Subthalamic nucleus Diencephalon
Basis Pontis Brainstem
Cerebellar white and gray matter Cerebellum

A major component of the limbic lobe with motor efferents to the
brainstem structures involved in emotional expression

A white matter structure consisting of pathways descending from
the brain to the brainstem and the spinal cord. Some of these
pathways are relayed to the brainstem nuclei, some to the
cerebellum (via basis pontis) and some reach the spinal cord

A node in the pathways to the cortex originated from the
brainstem, cerebellum, and basal ganglia

A crucial node in the indirect pathways that carry signals from the
striatum to the frontal lobe via the thalamus

Relay center for pathways entering the cerebellum

Receives inputs from many parts of the nervous system and sends
its signals to the spinal cord, the brainstem, and the cerebral
cortex (mostly the frontal lobe and some to the somatomotor
parietal cortical areas) through the thalamus.
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subjective feelings of anxiety and panic as if “she was
somewhere she did not want to be.” The patient had a
history of depression but was untreated during the STN
surgery and a preoperative screening did not reveal any
signs of depression or anxiety. The patient’s uncontrol-
lable crying episodes were treated with sertraline (50 mg
orally) and after 24-48 hours of treatment, there was
marked improvement of crying. According to the au-
thors, “two year follow up revealed that when the pa-
tient discontinued the sertraline for 1 week, she experi-
enced crying episodes, fatigue, and felt “more off.” After
therapy was reinstituted she improved in 24-48 hours.”
Wojtecki and colleagues’”' reported the case of a 69-year-
old patient with advanced Parkinson’s disease who de-
veloped frequent crying episodes in the absence of com-
mensurate sadness more than 2 years after bilateral STN
implantation. In a double-blind randomized manner,
the patient was studied during several blocks of free
conversations while the stimulator was switched on or
off unbeknownst to the patient or the examiner. Inter-
estingly, the patient exhibited seven episodes of crying
during a total of 15 minutes of conversation blocks when
the stimulator was on whereas no crying occurred when
it was off. Moreover, in a semistandardized conversa-
tion with three emotional and neutral topics, the behav-
ior of the patient was studied while monopolar stimu-
lation was tested at each individual electrode contact.
According to the authors, “crying occurred most fre-
quently using ventral STN contacts and when the pa-
tient talked about emotional topics.” No details are
available as to how the authors came to this conclusion.
The patient was then examined using PET. Although no
crying episodes occurred during the scanning, a com-
parison of stimulation ON with OFF conditions revealed
a change of blood flow in the cerebellum, the thalamus,
and the pons. When the ventral channel was turned on,
there was lesser blood flow in the left cerebellum but
higher blood flow to the thalamus compared to when
the lateral contact was turned on or when there was no
stimulation. Most recently, Low and colleagues’ discov-
ered pathological crying in a patient with advanced Par-
kinson’s disease and bilateral deep brain stimulators in
the subthalamic nuclei when they stimulated in the re-
gion of the caudal internal capsule within ~50Hz fre-
quency range whereas a higher frequency resulted in a
sensation of anxiety. A dominant view was that high
frequency “stimulation” of the STN produces a func-
tional inhibition. The current view is that the electrical
fields generated through the STN electrodes change the
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dynamics of the rhythmic activity of STN neurons and
affect the aberrant activity of some but not all STN neu-
rons. Change of activity of STN neurons may also gen-
erate a diaschisis effect and disturb the neuronal activity
of remote structures that are interconnected with the
STN. Given that relatively high voltage is needed to in-
duce laughing or crying with the STN stimulations, it is
possible that the current spreads to other structures
and/or fibers of passage outside the STN. However,
Mallet et al.”” argue on the basis of both physics and
behavioral effects, that such current spread is limited to
a distance on the order of one millimeter or less. Outside
the STN territory, stimulation of the anterior cingulate
has been known to cause changes in emotional expres-
sion without congruent change in the subject’s feelings.
Sperli and colleagues™ reported mirthless laughter
evoked by stimulation of the right anterior cingulate
cortex. Using either of two sets of bipolar electrode con-
tacts, low current levels produced left lateralized smil-
ing, which became bilateral and was followed by bilat-
eral laughter as current levels were increased. Further
increases in current levels produced corresponding in-
creases in laughter duration and intensity. These same
effects were replicated the following day. On neither day
were the smiling and laughter accompanied by mirth,
nor were there any effects of stimulation on the patient’s
underlying mood. The authors characterize their study
as the first in which cortical stimulation produced mirth-
less laughter. The discovery that anterior cingulate
stimulation can produce mirthless laughter is of partic-
ular interest, since STN causes increased blood flow to
the anterior cingulate (and lowers the blood flow to the
putamen and fusiform gyrus) while the subjects view
emotionally expressive faces compared to neutral
faces.”” Seizures deriving from hypothalamic hamarto-
mas often are presaged by laughter (gelastic seizures) or
crying (dacrystic seizures), or both, without accompa-
nying mirth or sadness. Although the character of
laughing or crying in these patients is sometimes re-
ported to be different than normal laughing or crying,
gelastic or dacrystic seizures provide important clues as
to the neuroanatomy of emotional expression and its
regulation. Kahane and colleagues’™ reported on five
such patients (three gelastic, one dacrystic, one mixed).
Depth electrode recordings from within the hamartoma
revealed seizure activity confined to the tumor, with dif-
fuse flattening of the cortical EEG during gelastic or dac-
rystic episodes. Electrical stimulation within the tumor
of three patients produced the laughter or crying (again
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without mirth or sadness) seen during spontaneous sei-
zure episodes or isolated laughing or crying attacks. In
one patient, stimulation of the amygdala reproduced his
usual gelastic seizures, but the seizures persisted follow-
ing temporal lobectomy. The authors report additionally
that subtle changes in cortical EEG activity were seen,
apparently as secondary seizure phenomena, in several
patients. The timing and topography of the changes sug-
gested a spread of seizure activity from the hamartoma
to the cortex, particularly left cingulate, bilateral cin-
gulate, and orbito-cingulate areas. It was further noted
that hypothalamic hamartomas tend to be tightly asso-
ciated with the mamillary bodies, that lateralized ha-
martomas produce ipsilateral secondary cortical effects,
and that ablation of the hamartoma (but not the cortex)
abolishes both gelastic/dacrystic and secondary seizure
activity.

In this text, we focused on the stimulation studies that
have been shown to cause changes in emotional expres-
sion without causing congruent changes in the subjects’
mood or feeling. For this reason we did not review in
detail studies that have shown simultaneous changes in
emotional expression and experience. In summary,
stimulation studies have suggested a possible role for
the STN, anterior cingulate, and hypothalamic region in
regulating emotional expression (Table 2). It is impor-
tant to note that the effect of stimulation in any one of
these nodes may affect the activity of several other cor-
tical or subcortical sites.

Functional Imaging Studies ~ Although there has been a
surge of scientific inquiry about the neural basis of emo-
tional experience and its regulation”® there is little
known about the neural correlates for pathological or
normal regulation of emotional expression, and even
fewer functional imaging studies have tackled the neu-
roanatomical correlates of pathological laughing or cry-
ing. In a brief report, Kosaka and colleagues®™ per-
formed fMRI analysis on a patient with pathological
laughing who had no demonstrated neurological le-
sions, psychiatric condition or apparent organic brain
disorder (e.g., epilepsy, infarction or dementia) and pre-
sented with daily episodes of inappropriate and uncon-
trollable laughing not accompanied by a sense of joy or
other pleasurable feeling. Three types of experimental
tasks (i.e., sex discrimination, semantic discrimination,
and finger-tapping) were performed with fMRI analysis
to establish responses to nonspecific stimuli. The patient
experienced a brief episode of laughing only during the
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sex discrimination task but higher pontine blood-oxy-
gen-level-dependent (BOLD) signals occurred during all
three nonspecific stimulation tasks, while no such
change was shown in control subjects. During the se-
mantic tasks, increased BOLD signals in the pons were
determined only in the patient while bilateral prefrontal,
parietal, occipital cortices and the cerebellum had simi-
lar change in both the patient and controls. During the
finger tapping task, increased pontine BOLD signals oc-
curred only in the patient, while motor and temporal
cortices, the supplemental motor area, and the cerebel-
lum had increased BOLD signals in both the patient and
control subjects. The control subjects showed no signifi-
cant pontine response to any experimental task in intra-
subject analysis. The patient was treated with paroxetine
10 mg daily for 2 weeks which was increased to 20 mg
daily for the next 6 weeks. The laughing episodes grad-
ually declined in frequency and disappeared after 6
weeks of treatment. After 8 weeks of treatment with par-
oxetine, a repeat fMRI study demonstrated that the pa-
tient’s abnormal pontine BOLD signals were no longer
present. The significant change in the cerebellar blood
flow also disappeared during the sex discrimination
task but it continued during the other two tasks. This
study implicates a change of activity in the pons during
pathological laughing, which normalized after treat-
ment with a serotonergic medication. Selective serotonin
reuptake inhibitors have as their primary mechanism of
action blocking serotonin transporter proteins thereby
preventing synaptic serotonin from being taken up into
presynaptic terminals and allowing a greater opportu-
nity for postsynaptic serotonin receptor binding and ac-
tivity. Murai and colleagues,” using SPECT, examined
upper brainstem and diencephalic serotonin transporter
proteins density in six stroke patients with, and nine
without, pathological crying. Patients were regarded as
suffering from pathological crying when: (a) crying ep-
isodes were provoked more easily than in the prestroke
period; (b) crying episodes were (at least sometimes)
provoked suddenly for little or no reason; and (c) crying
episodes were (at least sometimes) uncontrollable. The
authors found that midbrain /pons serotonin transporter
protein density was lower in the group with patholog-
ical crying. However, one patient in the pathological
crying group was an outlier with an extremely low mid-
brain/pons binding ratio; after removal of data from this
outlier there was no significant difference between the
two groups. In this study, the authors used the method
of voxel of interest method in which the examiner de-
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fined blobs of voxels of interest for midbrain/pons (3.3
cm?) or the thalamus/hypothalamus (6.9 cm?). Of note,
voxels of interest for left or right cerebellar hemispheres
(2.0 cm®) were also chosen, but the cerebellar activity
ipsilateral to the stroke side was used as a reference re-
gion in this study.

Proposed Pathophysiological Mechanisms

The cerebral cortex seems to be crucial for the cognitive
appraisal of the contextual information of an emotional
stimulus, and in any given situation, the intensity, fre-
quency, and duration of the emotional response are ad-
justed according to this contextual information. Oppen-
heim and Siemerling® and Wilson® suggested that
modulation is facilitated by direct corticobulbar path-
ways and in a linear top-down model. Their traditional
view was coined at a time when the knowledge of brain
anatomy and function was severely limited. According
to their view, PLC occurs when the voluntary control of
the emotional expression fails due to bilateral lesions of
the descending corticobulbar tracts. In this view the pri-
mary problem in PLC is the problem of lack of voluntary
control. In a recently proposed alternative hypothesis,'*
it was suggested that an intact relationship between the
cerebral cortex and cerebellum is important for a normal
regulation of emotional expression. In this view, the pri-
mary problem in PLC is the actual generation of a patho-
logical response. According to this hypothesis, in nor-
mal individuals, the cerebellum modulates the profile of
emotional response unconsciously and automatically
according to the information it receives from the cere-
bral cortex regarding the cognitive and social context of
the triggering stimulus, and that problems with exag-
gerated or contextually inappropriate emotional re-
sponse result when the cerebellar modulation of these
behaviors is impaired.'* The resulting problem will then
be an exaggerated response due to a lowered emotional
threshold, or a wrong choice of response that is contex-
tually inappropriate (Figure 1).

Treatment Options

Agents that are effective for the treatment of mood dis-
orders are also effective for the treatment of PLC- al-
though the evidence suffers from two major limitations.
First, the “level of evidence” seems to be confined to
only case reports and clinical case series (Table 3). Sec-
ond, the clinical phenotype in some of these reports was
not delineated in detail, and some of these studies were
even performed without any firm diagnostic criteria or
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used confusing terminology. These limitations aside,
these reports, suggest that tricyclic antidepressants such
as amitriptyline® and nortriptyline,'® and selective se-
rotonin reuptake inhibitors (SSRIs) such as sertraline,*
paroxetine,” fluoxetine,”**! and citalopram'****? are ef-
fective in treating PLC. It is noteworthy that the bene-
ficial effects of these medications in patients usually oc-
cur within days of treatment initiation and occur in
response to doses less than those usually prescribed for
the treatment of mood disorders.” Two recent clinical
trials in patients with ALS and MS suggested that a com-
pound consisting of dextrometorphan and quinidine

FIGURE 1. The Neuroanatomy of Pathological Laughing and
Crying

Lesions that are known to be correlated with this clinical condition
are often located in the frontal lobes, descending pathways to the
brainstem, basis pontis, and the cerebellum. Possibly the ascending
pathways through the thalamus and back to the frontal lobes might
also be involved.

Figure is copyrighted. Permission is pending.

TABLE 3. Treatment Options

Class Drug Dose
Tricyclic Antidepressants ~ Amitriptyline 60 mg daily
Nortriptyline 100 mg daily
SSRI Antidepressants Fluoxetine 20 mg daily
Citalopram 10-20 mg daily
Sertraline 50 mg daily
Paroxetine 40 mg daily
Experimental AVP-923 Dextromethorphan +
quinidine

(30 mg +30 mg)
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may also be helpful in treating this condition.”**> The
FDA approval of this compound is pending. If the drug
is approved, head-to-head comparative clinical trials are
needed to determine if the non-generic new compound
will be superior in efficacy or side effect profile to the
older generic treatment options. Of particular impor-
tance are observations that many patients with PLC also
suffer from mood disorders.* One might argue that one
should treat these patients with the medication that is
known to have an effect on both mood problems and
PLC rather than treating them with the new compound
which not only may have no effect on the patients’ mood
but also may cause undesirable interactions with the pa-
tients” antidepressant medications, and cause financial
burden on the affected patient.”

Remaining Problems and Suggestions for Future
Inquiries

In the text here we have summarized the current state
of knowledge about the neuroanatomy of pathological
laughing and crying in patients with neurological dis-
orders. We will now highlight some of the most impor-
tant gaps of knowledge about this condition that need
to be addressed in the future inquiries.

Problem 1  Accurate estimates of the incidence and
prevalence of pathological laughing and crying in the
setting of specific neurological disorders are not avail-
able. Currently available data are limited because of the
problem of small sample size. Future larger studies are
needed to estimate the actual scope of the problem.

Problem 2 Do patients with pathological laughing and
or crying have problems with dysregulation of other
emotions such as anger or fear? Is the problem of patho-
logical anger outburst or pathological fear related to the
problem of pathological laughing and pathological cry-
ing? Diagnostic criteria defining these other emotional
conditions need to be developed, and comorbidity stud-
ies undertaken in subjects with PLC.

Problem 3 Does the location of lesions correlate with
the threshold of triggering laughter or crying episodes
in patients with PLC? Does the frequency of these epi-
sodes and their type correlate with the location or the
size of lesions? Epidemiological studies of triggering
factors and large scale clinco-pathological studies will
be needed to address these issues.
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Problem 4 It is apparent that more imaging studies
need to be performed on subjects exhibiting PLC in or-
der to better identify specific brain networks involved.
Although it is rare to capture an event during scanning,
studies of baseline activity or during emotional process-
ing will provide an invaluable tool.

Problem 5 The anatomical evidence suggests that the
ventral pons, i.e., the basis pontis, is a crucial node in
the circuitry that is affected in patients with PLC. Future
inquiries are needed to determine how lesions in the
basis pontis affect the activity of the cerebellum and the
brainstem. If there is aberrant activity in the cerebellum,
which region of the cerebellum is most involved, and
how does that relate to aberrant activity elsewhere in
the cerebral cortex or the brainstem tegmentum? Do le-
sions in the ventral basis pontis or elsewhere in the brain
that cause PLC result in aberrant activity in the posterior
region of the pons where the serotonergic raphe nuclei
are located?

Problem 6 Laughter and crying are unique aspects of
human behavior especially in social communication.
Laughter and crying are also related in the sense that
both use similar motor machineries. But why is it that
some patients exhibit a lower threshold for only crying,
whereas others have a problem with laughing only?

Problem 7 What neurotransmitters (other than seroto-
nin) are involved in PLC? Is the compromise of such
neurotransmitters global or specific to a certain brain
region? Receptor binding and functional imaging stud-
ies using novel ligands may elucidate an understanding.

Problem 8 Some patients with PLC have mood congru-
ent while others have mood incongruent emotional ex-
pressions. It remains to be determined if these represent
only different scales of the same problem or different
categories with different pathophysiological mecha-
nisms. Do different variants of PLC correlate with dys-
function in different neuroanatomical systems?

Problem 9  Patients with epilepsy with or without hy-
pothalamic hamartomas may manifest gelastic episodes
of mirthless laughter or dacrystic episodes of crying
without sadness. Some patients manifest both. Future
neuroimaging and electrophysiological studies are
needed to address the issue of seizure propagation, and
functional and structural connectivity, in these patients.
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Problem 10

It is remarkable that the problem of PLC is

treated with medications that are known to have an ef-
fect of enhancing and stabilizing the mood (i.e., tricyclic
antidepressants or serotonin reuptake inhibitors). This

PARVIZI et al.

raises an interesting area for future research: what is the
degree of overlap between the neural systems involved
in regulating emotional expression and systems involved
in regulating or perceiving emotional experience?
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