NEUROSCIENCE

A mysterious condition once known as hysteria
is challenging the divide between
psychiatry and neurology

By Diana Kwon
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It all began
with a cough.

Three years ago Tracey McNiven, a Scottish woman
in her mid-30s, caught a bad chest infection that left her
with a persistent cough that refused to subside, even after
medication. A few months later strange symptoms start-
ed to appear. McNiven noticed numbness spreading
through her legs and began to feel that their movement
was out of her control. When she walked, she felt like a
marionette, with someone else pulling the strings. Over
the course of two weeks the odd loss of sensation pro-
gressively worsened. Then, one evening at home, McNiv-
en’s legs collapsed beneath her. “I was lying there, and I
felt like I couldn’t breathe,” she recalls. “I couldn’t feel
below my waist.” McNiven’s mother rushed her to the
hospital where she remained for more than half a year.

During her first few weeks in the hospital, McNiven
endured a barrage of tests as doctors tried to uncover
the cause of her symptoms. It could be a progressive
neurodegenerative condition such as motor neuron
disease, they thought. Or maybe it was multiple scle-
rosis, a disease in which the body’s own immune cells
attack the nervous system. Bafflingly, however, the
brain scans, blood tests, spinal taps and everything else
came back normal.

McNiven’s predicament is not uncommon. According
to one of the most comprehensive assessments of neu-
rology clinics to date, roughly a third of patients have
neurological symptoms that are deemed to be either par-
tially or entirely unexplained. These may include trem-
or, seizures, blindness, deafness, pain, paralysis and coma
and can parallel those of almost any neurological disease.
In some patients, such complications can persist for years
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or even decades; some people require wheelchairs or can-
not get out of bed. Although women are more often diag-
nosed than men, such seemingly inexplicable illness can
be found in anyone and across the life span.

Generations of scientists have tried to understand
these bizarre conditions, which have historically been
given diverse names, such as hysteria, conversion dis-
order or psychosomatic illness. These labels have, how-
ever, long imposed particular explanations for what
many researchers now regard as a complex illness at
the interface of psychiatry and neurology. Some are still
in use today, but the newest name for these conditions,
functional neurological disorder (FND), is deliberately
neutral, simply denoting a problem in the functioning
of the nervous system.

Patients with FND have long struggled to obtain ade-
quate care. They have been accused of feigning or imag-
ining symptoms, painfully but often fruitlessly probed
for childhood trauma and dismissed by doctors who did
not know how to treat someone who, based on all the
usual tests, appeared to be healthy. “For many, many
years physicians have underestimated the prevalence of
these disorders and the human toll it takes,” says Kath-
rin LaFaver, a neurologist who specializes in movement
disorders at Northwestern University’s Feinberg School
of Medicine. “These people have really fallen [in the gap]
between the fields of neurology and psychiatry.”

Over the past decade or so, however, using tech-
niques such as functional magnetic resonance imaging
(fMRI), researchers have begun to understand what
happens in the brains of patients with this enigmatic

© 2020 Scientific American



SOURCE: “EMOTIONAL PROCESSING IN FUNCTIONAL NEUROLOGICAL DISORDER: A REVIEW, BIOPSYCHOSOCIAL MODEL AND

illness. And by applying new models of how the brain
works, they are gaining a better understanding of how
the condition arises and how it may be treated.

ENIGMATIC ILLNESSES

MORE THAN 3,000 YEARS AGO Mursili I1, king of the Hittites,
was caught in a terrifying thunderstorm. The experience
left him with a temporary speech impediment that went
away—only to return several years later, after the mon-
arch woke from a nightmare about the incident. His sub-
jects attributed their king’s curious ailment to the wrath
of the Storm God, one of the most important deities of
the ancient civilization. When modern-day scholars
revisited the documents detailing the event, they inter-
preted it as functional aphonia (the inability to speak).

Like the Hittites, people throughout history have
turned to the supernatural—gods, witchcraft and
demonic possession—to explain illnesses that today
would likely be diagnosed as FND. According to some
historical interpretations, the first scientific attempt to
account for them emerged around 400 B.C.E., when
Greek physicians, including Hippocrates, coined the
term “hysteria” to describe a wide collection of ailments,
among them paralysis, headaches, dizziness and pain,
in the belief that they were caused by the uterus (hys-
tera, in Greek) wandering about the body.

Hysteria had its heyday in the 19th century, when it

moved from the womb to the brain. Among several phy-
sicians who studied it was Jean-Martin Charcot, regard-
ed by many as the “father of neurology.” At the Salpét-
riere Hospital in Paris, he painstakingly detailed the
symptoms of patients with hysteria and, after they died,
conducted autopsies on their brains. Although Charcot
was unable to identify any structural aberrations in
those subjects, he was convinced that the impairments
he saw were associated with unobservable, fluctuating
changes in the brain, which he called “dynamic or func-
tional lesions.”

Charcot also discovered that, contrary to common
belief, male hysteria was not rare; instead it often went
undetected. He highlighted, for example, cases of hys-
teria among workers at a national railway company that
had seemingly emerged after minor physical injuries.
His work popularized the study of hysteria, inspiring
several researchers, including Joseph Babinski, Pierre
Janet and Sigmund Freud, to investigate it as well.

Unlike Charcot, however, these men viewed the con-
dition as a disorder of the mind rather than the brain.
Freud proposed that it arose when repressed trauma
from childhood abuse or other disturbing events was
transformed into physical symptoms; accordingly, he
called it conversion disorder. That view and label cement-
ed the displacement of the disorder from the realm of
neurology to that of psychiatry and became the dogma

RESEARCH AGENDA,” BY SUSANNAH PICK ET AL., IN JOURNAL OF NEUROLOGY. NEUROSURGERY AND PSYCHIATRY, VOL. 90; 2019

Illustration by Body Scientific

The Brain-Body Connection

Patients with physical symptoms (such as paralysis) but no apparent injuries may have functional neurological disorder (FND).
Neuroimaging has revealed subtle abnormalities in several brain regions and networks. Studies find, for example, that functional
connectivity—meaning correlations in activity—is heightened between areas involved in controlling movement and regions

that affect attention and emotion, as shown in the cutaway. These linkages suggest a possible mechanism for the ailment. Activity
in circuits associated with a sense of agency, such as the temporoparietal junction and its connections, may also be altered.
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for much of the 20th century. Perhaps coincidentally, as
Freud’s influence in psychiatry faded over the decades,
so did cases of conversion disorder—to the point where
some viewed it as a bygone ailment of the Victorian era.

A century later a new generation of investigators has
turned its attention to this condition. Careful observa-
tion of patients indicates that despite the drop in diag-
noses in the latter half of the 1900s, these disorders have
not disappeared. And new research reveals that the con-
dition encompasses both neurology and psychiatry. In
2013 some physicians, concerned that the term “conver-
sion disorder” was not widely accepted by patients and
perhaps incorrectly pointed to psychology as an exclu-
sive driver for the condition, lobbied for a change—caus-
ing FND to be included as an alternative name for the
ailment in the fifth edition of the Diagnostic and Statis-
tical Manual of Mental Disorders (DSM-5).

Close to a third of patients
referred to neurological clinics
in Scotland had symptoms that
were medically unexplained.

TELLTALE SIGNS

ON A COOL, SUNNY AFTERNOON in February, I watched neu-
rologist Jon Stone of the University of Edinburgh con-
sult with first-time patients at the Anne Rowling Regen-
erative Neurology Clinic, where his team specializes in
diagnosing and treating FND. Stone listened carefully
as people described when, where and how their symp-
toms started. He collected detailed information about
their medical and personal histories and conducted a
neurological examination. Then, like a detective, he
pieced these details together to make a diagnosis.

In recent years FND has gone from a diagnosis of
exclusion—a label doctors reserved for patients whose
conditions defied all other explanations—to one made
after identifying distinct signs and symptoms. These
resemble those of other neurological disorders but pos-
sess identifiable differences. One example is Hoover’s
sign, in which weakness in a limb is temporarily cor-
rected when the patient’s attention is directed else-
where. Another is tremor entrainment: when patients
with a functional tremor in one arm are asked to start
shaking the other at a regular rhythm, the affected hand
will start to shake with the same rhythm as the other.
This effect does not occur in people with neurodegen-
erative conditions such as Parkinson’s disease. Clear
signs of functional seizures include tightly shut eyes,
rapid breathing and shaking that lasts for several min-
utes—features rarely seen during epileptic attacks.

Such indicators have been known to doctors for
decades—Hoover’s sign, for one, was observed by phy-
sician Charles Franklin Hoover in the 19th century. In
the past, physicians would hide such signs from patients,
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Stone explains. But he shows them to patients to help
them understand the nature of their condition and
notes that physicians are increasingly taking up this
practice. Seeing such clues can help to grasp a condi-
tion that Stone likes to describe as a “software problem,
not a hardware problem” in the brain.

Stone first came across these disorders as a junior
doctor in the early 1990s. He found himself fascinated
by them; having grown up with a stutter meant that he
had experienced being unable to control his own body.
And he was disturbed by how those with FND, as he
prefers to call the condition, were being treated. The
common attitude among medical professionals was that
the symptoms were not real—at least not in the same
way as those seen in multiple sclerosis or stroke, for
example. Many physicians were concerned that they
would either fail to identify the true cause of a patient’s
illness or be fooled by someone faking their symptoms.
As aresult, patients with FND did not receive the same
level of sympathy, attention or care as those with so-
called organic neurological illnesses.

Stone decided to dig deeper. During his doctoral
studies at the University of Edinburgh, he met Alan Car-
son, who was training to become a psychiatrist and
shared his interest. In 2002 the pair began to assess the
scale of the problem by following the referrals to four
neurology centers in Scotland over a period of 15
months. Their examination, which included more than
3,700 patients, revealed that 1,144—close to a third—had
neurological symptoms deemed as partially or com-
pletely medically unexplained. Of those, only four end-
ed up being diagnosed with another neurological issue
18 months after their initial consultation. This work
demonstrated how widespread these disorders were.

Eventually Stone and Carson joined forces with
Mark Hallett, a neurologist at the National Institute of
Neurological Disorders and Stroke in the U.S., who had
also been taking strides to advance the field. In addi-
tion to conducting his own research, Hallett had begun
mobilizing a group of scientists and physicians who
could contribute to the study of FND. The community
gradually ballooned from several dozens of attendees
at a small workshop to a full-blown society for FND,
which was founded by Hallett, Carson and Stone and
was inaugurated in 2019.

PREDICTIONS GONE AWRY

AYEAR AFTER LANDING in the hospital because of her FND,
McNiven was referred to a psychologist. At first, she did
not think she needed to be there—her symptoms had
been improving with physiotherapy. After several ses-
sions of psychotherapy, however, McNiven made a
shocking discovery: she had blocked the memory of cer-
tain key events in her childhood. Among those forgot-
ten experiences were years of physical abuse at the
hands of a family friend.

Although she had initially been reluctant to consid-
er the role of psychological factors in her illness, McNiv-
en now says that she thinks they do contribute. “I don’t
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think it’s just purely down to that,” she tells me. “But it
certainly does have a big impact.” Many of those who
study FND today would agree—with caveats. Unlike
Freud, who focused on the role of repressed trauma,
researchers now recognize that myriad factors are asso-
ciated with this condition. These include predisposing
factors, such as adverse experiences during childhood,
a previous physical injury or mood and anxiety disor-
ders; triggers such as physical injury or a stressful life
event; and maintaining factors, such as a lack of access
to proper treatment or a patient’s responses to and
beliefs about the condition. The leading framework for
thinking about FND, the so-called biopsychosocial mod-
el, takes all these factors into account.

As yet, there is no single, widely accepted explana-
tion for how these influences come together to create
FND, but some scientists have suggested that the mal-
ady involves arguably one of the most fundamental
functions of the brain: predictive processing. Champi-
oned by neuroscientist Karl Friston of University Col-
lege London, predictive processing posits that the brain
is constantly making and evaluating predictions by
comparing the data generated from our sensory organs
to internal models built from previous experience.
When mismatches occur between inferences and real-
ity, the brain either updates its existing models or sends
commands back down to the body to act in ways that
align with our expectations. For instance, if you want
to walk, but your leg is not moving, the brain will gen-
erate a prediction error that can be resolved if you move
that leg. In this way, Friston and others propose, pre-
dictions underlie everything the brain does, from per-
ception to movement to decision-making.

Neurologist Mark Edwards of St. George’s Universi-
ty Hospital in London and his colleagues have suggest-

so that patients develop abnormal inferences of how
their body should feel or function. One of the biggest
drivers of this anomaly, according to Edwards, is exces-
sive focus on one’s own body. This heightened attention
can be attributed to a variety of factors, including an
existing physical illness, mood and anxiety disorders,
or childhood abuse. When a person experiences a trig-
gering event—say, an injury to a limb or a panic attack—
this heightened attentiveness may drive one’s brain to
develop altered predictions about the body. In some cas-
es, a past experience, such as exposure to sickness in
the family, might also help shape these expectations.
Consider someone who falls and badly sprains a leg,
resulting in a temporary loss of mobility in that limb.
In most people, the brain’s predictions about the injured
leg’s ability to move would get updated once mobility
returns. This person, however, has a tendency toward
mild anxiety that amplifies the levels of subconscious
attention they pay to their body and has been sensitive
to health events since the sudden death of a parent.
These predisposing factors magnify the sensations asso-
ciated with injury; in consequence, the internal model
of the immobile leg persists even after the limb regains

Resignation Syndrome

Starting in the 1990s, reports of a mysterious illness began to emerge
from Sweden. Children started showing up in emergency rooms in a
comalike state—immobile, mute, unable to eat or drink, and unrespon-
sive, even to pain—with no identifiable medical cause, and they re-
mained in this state for months, sometimes years. The patients had some
things in common: they were from families of refugees, most of whom
belonged to ethnic or religious minority groups from former Soviet or
Yugoslav states. And in many, the trigger for their illness appeared to be
the rejection of an application for asylum.

Hundreds of cases of the unexplainable illness had been reported by
the early 2000s. As the number of afflicted children rose, the nature of
the illness became a subject of intense debate. Some opined that the
children were faking or that parents were inducing the condition to
obtain a residence permit—suggestions that, despite sparking outrage
among both clinicians and the public, continue to circulate today. In 2014
the Swedish National Board of Health recognized it as a novel condition,
Uppgivenhetssyndrom (“resignation syndrome”). Others said it was a
manifestation of a known illness, such as severe depression, catatonia or
conversion disorder.

Karl Sallin, a pediatrician at Karolinska University Hospital in Sweden,
and his colleagues have proposed that the condition is a culture-bound
functional neurological disorder. They suggest that resignation syndrome
arises when factors such as prior psychological or physical trauma, loss
of hope that asylum will be granted and fear of being deported combine
with culturally specific beliefs to subconsciously prescribe how the body
should respond in the face of extreme external stress. Sallin notes that
the apparent specificity of this condition, which is limited to certain refu-
gee communities in Sweden, suggests that the illness is influenced
strongly by beliefs prevalent in a particular group. (Reports of a similar
condition among refugees waiting for asylum in Australia on the tiny
island of Nauru have also emerged, however.) As yet, experts do not
agree on what these disorders are.

The number of cases of resignation syndrome has decreased since
the peak in the early 2000s. Even so, hundreds of children have been
diagnosed with the condition in recent years. —D.K.
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its function, leading to functional paralysis. (In some
ways, this is the opposite of what happens in people who
experience phantom limb syndrome. Those people are
unable to update the prediction error that occurs when
an expected sensation in a missing limb is not met with
actual sensory feedback.)

The hypothesis that predictive processing is altered
in FND patients has now been tested in a handful of
experiments. In a 2014 study, for example, Edwards and
his team used a task called force matching, in which a

Using noninvasive probes,
researchers are finding subtle
differences in the brains of
individuals with functional
neurological disorder.

robotic device presses down on a finger and people are

asked to match the force with their own hand. Healthy
people tend to overestimate the force required by their
own hand because the brain’s expectations “cancel out”
some of its force (a similar explanation applies to why
you cannot tickle yourself). People with FND, on the

other hand, were abnormally accurate, indicating that

the internal prediction system was functioning differ-
ently. Even so, much more evidence is needed to prove

that this mechanism provides a correct and sufficient

explanation for the condition.

PROBING THE BRAIN

LIKE CHARCOT, contemporary investigators of FND have
been examining the brains of patients to find changes
associated with the condition. Modern scientists, how-
ever, no longer have to wait to conduct an autopsy to
peer into their subjects’ skulls. Using techniques such
as TMRI, researchers have begun to reveal there are
indeed differences in the brains of individuals with FND.
“We'’re beginning to identify the dynamic lesion that
Charcot was looking for,” says David Perez, a neurolo-
gist-psychiatrist at Massachusetts General Hospital.

With fMRI, researchers have identified distinct pat-

etal junction—associated with a sense of agency—in
those with FND, compared with those asked to mimic
the same symptoms. These findings help to confirm that
unlike conditions such as factitious disorder (a severe
form of which is known as Munchausen syndrome), in
which patients deliberately act out other illnesses, symp-
toms in individuals with FND are out of their control.
Another significant discovery from neuroimaging is
that people with FND have enhanced connectivity
between the motor-control regions and two brain net-
works involved in emotional processing: the salience
network, responsible for detecting and focusing on
attention-worthy information, and the limbic network,
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one of the primary systems controlling emotion. In a
2010 study, for example, Hallett’s group reported height-
ened linkages between the amygdala, a key region in
the limbic system, and the supplementary motor area,
which is responsible for preparing to initiate move-
ments. Others, such as Perez, have shown hyperconnec-
tivity between motor regions and salience network
areas such as the insula and the anterior cingulate.
These observations suggest that, at least in a subset of
people with FND, the emotional circuitry might be
hijacking the motor system, Perez explains.

Perez’s team has also found that some risk factors
may map onto these circuits. In a study published this
year, his group reported that the magnitude of the cou-
pling of the motor regions with the limbic and salience
areas of the brain positively correlated with the degree
to which patients experienced physical abuse during
childhood. Perez emphasizes, however, that this will
probably be relevant only to the subset of patients in
whom trauma is present: in his study, a significant pro-
portion of patients did not report any childhood phys-
ical abuse. Still, he notes that these findings point to
how a risk factor such as trauma could alter brain cir-
cuits in people who develop FND.

Scientists are also investigating how factors such as
stress alter brain circuits in FND. Neurologist Selma
Aybek of the University of Bern says that although not
all patients have a history of trauma or stress, they may
possess differences in their biological stress response. Her
group has found that, compared with healthy individu-
als, FND patients have higher levels of the stress mark-
ers cortisol and amylase and report being more stressed
after taking part in a stressful task. Building on these find-
ings, her team is using neuroimaging to examine wheth-
er there is an association between stress-related regions
and agency-related regions in FND patients’ brains.

Thus, a picture of the pathophysiology of FND
patients is slowly emerging. But most of this work has
been conducted in patients with motor symptoms, which
means that sensory symptoms such as altered vision have
yet to be explored. Many of these studies also have had
small sample sizes, so findings will need to be validated
in larger trials, says Valerie Voon, a neuropsychiatrist at
the University of Cambridge, who collaborated with Hal-
lett on several ground-breaking projects. How these
neuroimaging findings fit with the predictive-processing
model also remains an open question. It is plausible, Per-
ez notes, that many of the areas identified so far may be
the circuitry through which the altered predictions arise.

A BRIGHTER FUTURE
IN THE SUMMER after her second year of teacher’s college
in Scotland, a 19-year-old woman named Rachael Troup
was rushed to the hospital with what appeared to be a
stroke. Brain scans showed that she did not have a
stroke, however, and tests for other neurological dis-
eases came back normal. Eventually Troup was diag-
nosed with FND. But when she started treatment, it was
excruciating. Neither her doctors nor her physiothera-



pists seemed to know much about how to treat her con-
dition, and the exercises they made her do hurt more
than they helped. “I was in pain constantly,” she says.
After a few months Troup decided to stop going to
physiotherapy. At the time the entire right side of her
body was barely functioning, and she was using a
wheelchair for mobility. After being admitted to the hos-
pital several more times for strokelike attacks, howev-
er, Troup met Stone’s team and was provided with FND-
tailored care. It involved a form of physiotherapy that
employs techniques such as distraction to shift the spot-
light of attention away from the affected limbs while
engaging in exercises to help restore normal control.
For FND patients, shifting focus away from affected
limbs is often a crucial part of physiotherapy because, as
Edwards’s predictive-processing model suggests, atten-
tion is critical to the generation of symptoms. With atten-
tion deployed elsewhere, the brain’s abnormal expecta-
tions about movement are unable to take hold. Stone
and his colleagues are part of an ongoing U.K.-wide, ran-
domized controlled clinical trial testing this type of spe-
cialized physiotherapy for functional motor disorders (a
subset of FND affecting movement). In addition to
retraining movement, the treatment includes educating
patients about how such symptoms could arise and the
physical and psychological factors that may underlie it.
To expand the tool kit of interventions for FND,
researchers are also testing other alternatives. Another
large clinical trial with more than 300 patients assessed

type of goal-oriented intervention focused on changing
disruptive patterns of thinking or behavior—for func-
tional seizures. The findings, published in June in Lan-
cet Psychiatry, suggest that CBT may not reduce seizure
frequency in all patients.

At King’s College London, neuropsychiatrist Tim
Nicholson and his team are examining a noninvasive
method of exciting the brain known as transcranial mag-
netic stimulation (TMS) as a potential intervention for
FND. His group recently completed a feasibility study,
and the results were promising enough to initiate a larg-
er pilot clinical trial. There are competing explanations
for why TMS might work. It induces a brief muscle
twitch that could kickstart the relearning of movement;
stimulating brain areas altered in FND might help re-
store function, or it may have a placebo effect. LaFaver’s
group at Northwestern is examining the use of medita-
tion and mindfulness practice, which, according to LaFa-
ver, patients have anecdotally reported as helpful for
maintaining the benefits of treatment.

Psychological treatments such as CBT currently
remain among the first-line interventions for people with
FND, according to Perez. There is a pressing need for a
range of effective treatments, however: the prognosis
remains poor. It is still relatively uncommon for FND
patients to completely regain function, and relapses
occur often. According to a 2014 meta-analysis of 24 stud-
ies, on average 40 percent of patients reported similar or
worsened symptoms seven years after their initial diag-

nosis. On top of that, patients still experience high lev-
els of stigma and have trouble accessing treatment,
LaFaver says. “I still think we have a long way to go.”
Fortunately, the situation is changing. As research-
ers’ interest in FND surged over the past decade, so did
the number of FND clinics around the world. Patients
are speaking up as well. In 2012, for example, the inter-
national charity FND Hope was established with the
aim of raising awareness and empowering patients.
Still, debates linger—and are reflected in an ongoing
tussle over the name of the illness. In what fraction of
patients are psychological factors present, for example?
Do symptoms primarily arise through conversion of
stressors, or are other explanations also necessary? One
meta-analysis found that reports of stressors in FND
patients vary between 23 and 86 percent in different
studies. W. Curt LaFrance, Jr., a neurologist-psychiatrist
at Brown University, says that it takes more time to iden-
tify such stressors than some doctors can devote to an
individual patient—which may account for this enor-
mous spread. In his clinic and in the scientific literature,
he has consistently seen evidence of psychological
stressors having converted into physical symptoms, and,
accordingly, he supports use of the term “conversion dis-
order” Partially reflecting such views, the older name
remained when FND was added to the DSM-5, but the
need to identify psychological factors for a diagnosis
was dropped. That excision also remains contentious.
One thing is clear, however: because the condition
lies at the crossroads of neurology and psychiatry,
insights from both fields will be necessary to solve the
puzzle. This blurring of the line between mental and
physical illness is a growing trend. Scientists now
understand, for example, that stress—a psychological
factor—can predispose people to Alzheimer’s disease
and that inflammation—a physical factor—may give
rise to depression. In addition, traditional neurological
diseases such as epilepsy and stroke are often associat-
ed with mood and behavioral disturbances. “The brain
doesn’t separate into neurology and psychiatry,” Perez
says. “We need a new science of brain and mind that
really encapsulates that brain health equals mental
health and physical health.”
Over the past few years McNiven has frequently used
a wheelchair because of her FND. But with the help of
both physiotherapy and psychotherapy, she has started
to recover. Her symptoms are not gone—she still expe-
riences a lack of sensation in her legs, altered vision and
pain—and some days are worse than others. “I constant-
ly feel like I'm fighting against my body,” McNiven says.
But she hopes to make a full recovery. “You've got to keep
that positive attitude to keep fighting through it. There’s
always hope you can get there with this condition.”
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