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ABSTRACT

Objective: Conversion symptoms—functional neurological disturbances of body function—occur in association with ex-
treme arousal, often in the context of emotional distress. Themechanisms that determine how andwhy such symptoms occur
remain unknown. In this study, we used cardiac measures to assess arousal and cardiac autonomic regulation in children and
adolescents who presented with acute conversion symptoms.

Methods: Heart rate was recorded in 57 children and adolescents (41 girls; 8.5–18 years old) with acute conversion symp-
toms and 57 age- and sex-matched healthy controls, during a resting condition and then during tasks involving cognitive and
emotional activation. Arousal and autonomic regulation were assessed by measures of heart rate and heart rate variability.
Psychological measures included attachment and emotional distress.

Results: Children and adolescents with conversion symptoms displayed higher autonomic arousal than did the controls,
both at baseline and during task conditions (higher heart rate: baseline mean [standard deviation] = 82 [9.49] versus
74 [10.79] beats/min, p < .001; lower root mean squared successive differences–heart rate variability: 45.35 [27.97] versus
58.62 [25.69] ms2, p = .012; and lower high-frequency heart rate variability: 6.50 [1.19] versus 7.01 [0.95] ln[ms2] p = .017),
and decreased autonomic regulation (attenuation of heart rate increases across tasks). The baseline pattern of increased au-
tonomic arousal was especially pronounced in children with coercive-preoccupied patterns of attachment. Autonomic mea-
sures were not correlated with measures of emotional distress.

Conclusions: High autonomic arousal may be a precondition for generating conversion symptoms. Functional
dysregulations of the cardiac, respiratory, and circulatory systems may mediate fainting episodes and nonepileptic
seizures, and aberrant patterns of functional connectivity between motor areas and central arousal systems may be
responsible for generating motor conversion symptoms.

Key words: conversion disorder, functional neurological symptoms, threat-induced syncope, nonepileptic seizures, auto-
nomic regulation, dynamic-maturational model of attachment.
DASS=Depression, Anxiety and Stress Scales,DMN = dorsal motor
nucleus, DSM-IV-TR = Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition, Text Revision, ECG = electrocardiogram,
EEG = electroencephalogram,HR = heart rate,HRV = heart rate var-
iability, HFP-HRV = high-frequency power, the frequency domain
component of HRV measured in ln(ms2), NA = nucleus ambiguus,
RMSSD = root mean squared successive differences of the interbeat
intervals, the time domain component of HRV measured in ms2
INTRODUCTION

Conversion symptoms are functional neurological dis-
turbances that are hypothesized to emerge during

states of high arousal resulting from stress, pain, injury, or
psychological trauma. In children and adolescents, presen-
tations tend to be complex, multiple conversion symptoms
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Autonomic Regulation in Conversion Disorders
are the norm, and comorbidity with medically unexplained
pain, nonspecific somatic symptoms, anxiety, and depression
is common (1,2). A growing body of evidence indicates that
conversion symptoms are generated in association with
states of high arousal (3–13). Because states of high arousal
rely, in part, on activation of the autonomic system, we used
measures of heart rate (HR) and heart rate variability (HRV)
to assess regulation of cardiac autonomic function during
four laboratory conditions in children and adolescents
who presented with acute conversion symptoms.

Not all models of the autonomic system can account for
the patterns of presentation seen in children and adolescents
with conversion disorders, and the choice of theoretical
framework is of particular importance when working with
this complex group of patients. The concept of autonomic
space by Berntson et al. (14,15), within which autonomic
patterns of response can involve reciprocal, independent,
or even coactive changes in autonomic branches, has been
extended both by Janig and Habler (16), who emphasized
the existence of many subsystems within the sympathetic
system, and by Porges (17,18), who proposed that mam-
mals have two independent sources of cardiac vagal input
(known as Polyvagal Theory) rather than a single source.

According to Polyvagal Theory, cardiac vagal tone and
short latency decelerations in HR are determined by vagal
fibers that originate in the nucleus ambiguus (NA). Short la-
tency changes in HR are coupled with the respiratory cycle:
HR increases on inspiration and decreases on expiration.
Other efferent vagal fibers—hypothesized to originate from
the dorsal motor nucleus (DMN)—are not coupled with the
respiratory cycle and are thought to activate intermittently
(17,18). The latter may mediate sudden drops in HR, such
as those seen during the defensive responses of orienting,
freezing, tonic immobility, and collapsed immobility (18,19).

Jackson's (20) concept of dissolution—an important or-
ganizing principle within Polyvagal Theory—predicts that
autonomic responses are organized along a phylogenetic hi-
erarchy that reflects phylogenetic stages in autonomic de-
velopment (18,19,21). Applied to the neural control of the
heart, the concept of dissolution predicts that individuals
who demonstrate resilience and behavioral flexibility will
have high NA-mediated cardiac vagal tone—a robust base-
line HRV, optimal HRV decreases in response to external
challenges (optimal flexibility of the vagal break) and a
short recovery period postchallenge (18). In contrast, indi-
viduals who have low baseline HRV will be susceptible to
unwanted activations of the sympathetic system and
DMN vagal fibers to the heart. Activated DMN vagal fibers
oppose sympathetic activation and may cause a sudden
drop in HR. In some individuals, this drastic drop will man-
ifest as episodes of fainting.

Critics of Polyvagal Theory argue that there is no evi-
dence that the DMN is significantly involved inmammalian
HR changes and that sudden drops in HR—including
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those where, in the context of extreme vagal activation,
HR becomes dissociated from respiratory rhythm—may
also be mediated by the NA (rather than the DMN) (22)
(P. Grossman, personal communication, 2014). Despite
these differences in viewpoint, both bodies of work suggest
the existence of different groups of vagal nuclei: those that
fire in synchrony with the respiratory cycle and those that
do not; Taylor et al. (23) also comment on vagal activity
that is not coupled with the respiratory cycle. The phyloge-
netic stages in autonomic development, in particular regard-
ing the similarities and differences between reptiles and
mammals, may differ depending on the theoretical perspec-
tive (22–24). However, this issue may not be critically im-
portant for understanding patients' symptoms in clinical
practice. The central point is that there are two functionally
different groups of vagal nuclei; these differences reflect an-
atomical (i.e., vagal nuclei that originate in the DMN and
the NA) and/or functional (i.e., vagal nuclei that fire under
different physiological conditions), and both components
may be altered in conversion disorders.

Autonomous HR (HR generated by the sinoatrial node—
a neuron bundle in the heart's right atrium—independent
of autonomic control) is approximately 100 beats/min (25).
Tonic vagal activity lowers this rate to normal values of ap-
proximately 60 to 80 beats/min, whereas withdrawal of tonic
vagal activity or increases in sympathetic activity raise HR
(25,26). Low baseline HR and the typically correlative ca-
pacity to increase HR substantially in response to internal
and external challenges are important indicators that an indi-
vidual has the capacity to respond flexibly and effectively to
stress (18,27). HRVat baseline conditions—the beat-to-beat
difference in HR measured in milliseconds (RMSSD)—is
also an indicator of autonomic homeostasis, stress vulnera-
bility, and self-regulatory capacities (18,28–30) Skowron
EA, Khurana A, Gatzke-Kopp LM. Latent classes of dyadic
coordination and rupture-repair predict children’s RSA and
inhibitory control, submitted for publication). Because mea-
sures of HRV/vagal tone give an estimate of tonic vagal out-
flow to the heart, they provide a window into the functioning
of the parasympathetic arm of the autonomic system. The in-
dividual's capacity to respond flexibly and effectively to stress
is also indexed by high baseline vagal tone, the capacity to
suppress vagal tone in response to internal and external chal-
lenges, and the capacity to recover vagal tone following a
challenge (18,28,31–33). Thus, in combination, the measures
of HR and HRV—taken during a variety of task conditions—
provide useful information about the individual's baseline
level of arousal and his or her capacity to mount a response
to attention/cognitive-demanding tasks or to environmental
challenges that are emotionally challenging.

To date, no studies have used measures of HR and HRV
to examine cardiac autonomic function in children and
adolescents with conversion disorders. In a study of adult
patients with nonepileptic seizures, Bakvis et al. (4) showed
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1In previous publications regarding the same cohort, we reported that 51%
(n = 29) had nonepileptic seizures, a term used in its broadest sense to in-
clude all children with seizure-like events (tonic/clonic-like seizures
[n = 15], fainting [n = 7], and mixed fainting and tonic/clonic-like seizures
[n = 7] (9,10)).
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that compared with controls, patients had a lower HRV at
baseline and during recovery from an induced stress condi-
tion, as well as increased basal diurnal cortisol levels. Al-
though the sample of Bakvis et al. did not demonstrate an
elevated HR, the synergistic relationship between the
hypothalamic-pituitary-adrenal axis and the sympathetic
nervous system (34) suggests that these patients may be
prone to intermittent periods of excessive sympathetic acti-
vation. In our work with children and adolescents with
conversion disorders, three pieces of evidence suggest ex-
cessive sympathetic activation. First, approximately three-
quarters of our patients demonstrate a high respiratory rate
(≥20 breaths/min) at the initial clinical assessment—a
stressful process (35). Second, approximately two-thirds
of our patients—including this study's cohort—present
with comorbid, nonspecific somatic symptoms that can be
conceptualized as signaling aversive body-mind states that
are associated with activation of stress-regulation/arousal
systems (21). Third, in a previous study that used the facial
emotion-identification task, the same cohort of conver-
sion participants demonstrated faster reaction times than
did controls (9). Increased motor readiness typically in-
volves a concomitant activation of the motor and sympa-
thetic systems.

The primary hypotheses for this study were that children
and adolescents with acute conversion symptoms would
a) present in a baseline state of high arousal as indicated
by cardiac measures of autonomic function (higher HR
and lower HRV in the resting condition) and b) show de-
creased autonomic regulation—a decreased capacity to re-
spond flexibly and effectively to attentional, cognitive, or
emotional challenges (reflected by a pattern of smaller in-
creases in HR and smaller decreases in HRVacross tasks).
We also examined c) whether baselinemeasures of autonomic
function in participants with conversion symptomswould cor-
relate with subjective distress as measured by the Depression,
Anxiety and Stress Scales (DASS), d) differences in baseline
autonomic measures (stress vulnerability) between controls
and two subgroups (as defined by attachment strategy) of chil-
dren and adolescents with conversion disorders, e) differences
between prepubertal and postpubertal participants in all of the
above conditions, and f) whether the physiological profiles of
children who fainted were different in any respect from those
who did not.

METHODS

Participants
Fifty-seven children and adolescents with conversion disorders (41 girls,
16 boys) aged 8.5 to 18 years (mean [standard deviation] = 13.56 [2.2]
years) were recruited between August 16, 2006, and August 16, 2010, from
a pediatric tertiary-care hospital in New SouthWales, Australia, as part of a
broader research program with the same cohort (9,10,36,37). Twenty-two
children were prepubertal (14 girls and 8 boys), and 35 were postpubertal
(27 girls and 8 boys). At the time of testing, conversion disorder
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participants were experiencing conversion symptoms (defined byDiagnos-
tic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revi-
sion [DSM-IV-TR]) (38); that is, testing occurred while they were
experiencing motor-sensory symptoms or during a period in which their
nonepileptic seizure/fainting episodes were occurring. Testing was typi-
cally completed soon after the clinical assessment, while the children were
medication-free. Two adolescents in the conversion group had a comorbid
neurological disorder (one had epilepsy and one had a long-standing tremor
and a glucose-transporter abnormality) and were being treated with sodium
valproate and with sodium valproate plus levetiracetam, respectively. Two
adolescents had been treated for chronic pain and were on gabapentin and
on gabapentin plus a small dose of amitriptyline, respectively. One adoles-
cent had been prescribed a very small dose of amitriptyline for poor sleep
by her local doctor. One adolescent whose nonepileptic seizures had been
misdiagnosed as epilepsy was being weaned off sodium valproate and
was on fluvoxamine (for comorbid anxiety) and clonidine (to facilitate
sleep). One 15-year-old boy was a smoker and probably also used mari-
juana. The other 50/57 children/adolescents were medication/drug-free.

The sample was characterized by the presence of one or more conver-
sion symptoms (mean = 2.60, range = 1–7)—sensory symptoms (n = 31
[54%]), motor symptoms (n = 38 [67%]), nonepileptic seizures1 (n = 22
[39%]), and fainting episodes (n = 14 [25%], 12 girls and 2 boys)—that
were sufficiently disabling to require hospital treatment in 95% (54/57) of
cases. Most of the children/adolescents—with the exception of 9 outliers
(all relatively chronic)—had acute presentations with conversion symp-
toms ranging from 2 days to 6 months (median, 1 month). The small
chronic group (n = 9) was made up primarily of older adolescents whose
symptoms had been present for 8 to 36 months, with a mean of 16 months
and a median of 12 months. Two of this group were subsequently
rediagnosed with factitious presentations because they continued to com-
plain of functional impairment after the symptoms were observed to have
resolved (one “blind” boy regularly used the computer at home to access
pornography sites, and one boy, who had presented with nonepileptic
events and paralysis after an insect bite and who had a mildly elevated
blood pressure, subsequently elaborated his story to include a history of on-
going chronic cardiac disease).

On clinical assessment, usingDSM-IV-TR criteria, 54% (31/57) of partic-
ipants were diagnosed as having comorbid anxiety, 14% (8/57) as having de-
pression, and 14% (8/57) as having mixed anxiety/depression. In addition,
58% (33/57) had comorbid medically unexplained pain, and 54% (31/57)
had comorbid nonspecific somatic symptoms: 14% (8/57) nausea, 30%
(17/57) dizziness, 23% (13/57) breathlessness, and 28% (16/57) fatigue.

Assessments of attachment provided information on this cohort's emo-
tional, behavioral, and interpersonal adaptation, as reported in previous ar-
ticles (9,10,37). Attachment was assessed using structured interviews—the
School-aged Assessment of Attachment (SAA) for children in primary
school and the Transition of Adulthood Attachment Interview (TAAI)
for adolescents (39). De-identified transcripts were coded by blinded
coders trained in Dynamic-Maturational Model (DMM) discourse analysis
(37,39,40). Intercoder agreement between Coder 1 (coded both SAAs and
TAAIs) and Coder 2 (coded TAAIs only) was 73% (ϰ = 0.61, p = .001)with
regard to subpatterns (Types A5-6, A3-4, A1-2, B1-5, C1-2, C3-4, C5-6,
and A+/C+) and 100%when these subpatterns were collapsed into the four
relevant clusters (Types A+, C+, and A+/C+ plus normative/balanced).
Intercoder agreement between Coders 1 and 3 (coded SAAs only) was
77.7% (ϰ = 0.67, p = .002) with regard to subpatterns (Types A5-6,
A3-4, A1-2, B1-5, C1-2, C3-4, C5-6, and A+/C+) and 100% when these
patterns were collapsed into the four relevant clusters (Types A+, C+, and
A+/C+ plus normative/balanced). Controls demonstrated normative
May 2015
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Autonomic Regulation in Conversion Disorders
patterns of attachment (Type B, Type A1-2, and Type C1-2 patterns),
whereas the children and adolescents in the conversion group fell into
two distinct at-risk attachment subgroups: an inhibitory group (Type
A3-6, also known as Type A+) and a coercive-preoccupied group (Type
C3-6, also known as Type C+).

Children in the Type A+ cluster use extreme psychological inhibition to
minimize subjective awareness of difficult feelings and memories. They
typically use false-positive affect tomask inner feelings of ongoing distress.
They preference parental expectations, point of view, and well-being; com-
ply with what is expected, and typically hold a caregiving, performing, or
compliant role in the attachment dyad—that is, they work very hard to en-
sure that the interactions with the parental figures are positive and free of
conflict (41). Children in the Type C+ cluster focus on and exaggerate neg-
ative affect—fear, anger, or desire for comfort—in extreme ways. They
preference their own perspective and well-being and do not comply with
adults' expectations. In children with conversion disorders, this “noncom-
pliance” typically takes a passive form that involves an inhibition of anger
and signaling of distress, helplessness, fear or pain, strong communications
regarding the individual's desire to be comforted, rescued, or looked after
(9,41). Children with conversion disorders tend to use the even-numbered
Type C+ strategies, whose inhibition of anger contrasts with the odd-
numbered Type C+ strategies, which involve the expression and use of an-
ger (9). In addition, the narratives of participants with conversion disorders
(n = 44 [77%])2 were characterized by recurring linguistic dysfluencies—
unregulated fragments of distressing thoughts, feelings and memories—
around specific loss or trauma events (unresolved loss or trauma) (37).

Conversion disorder participants were compared with 57 healthy chil-
dren and adolescents matched on age, sex, and years of education, and
who completed the same test battery as the clinical sample. Each participant
with conversion disorder was closely age matched to ensure an age differ-
ence of 6 months or less.

The study was approved by the institutional ethics committees—Royal
Alexandra Hospital for Children (The Children's Hospital at Westmead)
Human Research Ethics Committee, and Western Sydney Local Health
District Human Research Ethics Committee. Written informed consent
was obtained from all participants and their parents. Details on the recruit-
ment protocols, screening for inclusion and exclusion criteria, assessment
for organic pathology, and other aspects of clinical characteristics have
been reported previously (9,10,36,37).
Procedure
Participant electrocardiogram (ECG) was recorded in the laboratory during
a resting eyes-open condition and during both cognitive and emotional ac-
tivation tasks (EEG was also recorded but is not reported on in this paper).
Cognitive tasks were the auditory oddball task (to assess selective attention)
and the Go/No-Go task (to assess response inhibition). The emotional acti-
vation task was a viewing of facial expressions of basic emotions. The odd-
ball task was chosen because studies in children suggest that HRV
decreases with attention (42), the Go/No-Go task because it is a task of cog-
nitive control that is implicated in impairments in children with conversion
disorders (10), and the facial emotion-perception task because it assesses
constructs relevant to positive and negative affect in conversion disorders.
In each case, we had adequate ECG data for these tasks. Participants also
completed the self-report DASS regarding the presence of emotional symp-
toms (Table 1). The Cronbach α values for the DASS scales are as follows:
depression, .81; anxiety, .73; and stress, .81 (43).
2Attachment-assessment results were reported in a larger sample (n = 76),
of which this sample (n = 57) is a subset. In the larger sample, 75% of par-
ticipants with conversion disorders versus 12% of controls had linguistic
markers of unresolved loss or trauma (37). For coding patients' narratives
in our studies, we have consistently used the DMM method because of
its capacity to assess both school-aged children and adolescents (39).
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ECG Acquisition
ECGwas recorded during all four conditions: baseline eye-open condition,
the auditory oddball task, the Go/No-Go task, and the facial emotion-
perception task. Two ECG electrode channels were combined to create
the ECG data series for analyses, positioned on the inside of the nondomi-
nant wrist above the radial pulse and at the Erbs point (located two-thirds
distant from midline on the clavicle), both referenced to the seventh cervi-
cal vertebra. For further details, see SupplementaryMethods, Supplemental
Digital Content, http://links.lww.com/PSYMED/A207.
ECG Data Reduction and HRVAnalysis
Data reductionwas performed using the standardmethods for the Brain Re-
source International Database, in which the ECG tachogram is created
using a modified Tompkins algorithm (48). Data reduction and cleaning
is performed using semiautomated methods to identify and remove any
tacho series in which R waves are not reliably detected or scored, series
where ectopic or arrhythmic beats are present, or series with voltage too
high or low to be scored reliably. For further details, seeMethods in Supple-
mentary Methods online.

HR was measured as beats per minutes. HRV indices of vagal ac-
tivity were measured using a) the time domain measure of HRV,
RMSSD (root mean squared successive differences of the interbeat
intervals measured in ms2 [RMSSD-HRV]) (28), and b) using the fre-
quency domain measure of HRV, the natural log of the high-frequency
power (HFP-HRV; 0.15-0.4 Hz) in ms2 (28,49). Respiratory rates were
estimated from the peak frequency within the high-frequency range
(using an autoregressive power spectrum).
Data Analysis
Before all analyses, outliers beyond 2.5 standard deviations were removed,
determined separately for children younger than 12 years and children
12 years or older. The data were also screened for arrhythmias—two partic-
ipants (controls) who showed very HFP (>1000 μV2/Hz) within some
paradigms—in which case measures of RMSSD and log of HFP were re-
moved for that paradigm.

Measures of change in HR, RMSSD-HRV, and HFP-HRV—the degree
of increase or decrease from baseline during any of the tasks—were gener-
ated by subtracting task values from baseline values. A positive difference
score indicated a decrease in HR, RMSSD-HRV, or HFP-HRV during the
task; a negative score indicated an increase. Independent t tests (for the rest-
ing condition, auditory oddball task, and Go/No-Go task) and analyses of
variance (ANOVAs; for the facial emotion-perception task) were used to
compare the conversion group versus controls for measures of HR,
RMSSD-HRV, HFP-HRV, and baseline respiratory rate, and for the degree
of change in HR, RMSSD-HRV, and HFP-HRV during the task conditions
relative to the resting eyes-open condition. Paired-sample t tests were used
to assess the significance of HR, RMSSD-HRV, and HFP-HRV changes
compared with the baseline condition. Effect sizes were calculated using
the Cohen d statistic.

Within the conversion group, two-tailed Pearson correlations for nor-
mally distributed data for multiple comparisons were used to investigate as-
sociations between total DASS score and baseline heart measures where
differences had been identified. A Bonferroni correction was applied if
any correlations were found at the p = .05 level.

One-way ANOVAs in combination with post hoc least significant dif-
ference tests were used to explore differences in baseline HR, RMSSD-
HRV, and HFP-HRV in healthy controls and the two conversion subgroups
(Type A+ and Type C+). In this analysis, the five children with a mixed
Type A+/C+ classification were included in the Type C+ group.

To investigate whether the subgroup of conversion participants who
fainted had a unique physiological pattern, we ran ANOVAs—with age
May 2015
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TABLE 1. Description of the Tasks and Assessments Used in This Study

Task Name Task Description

Resting condition Participants sat quietly with their eyes open for 2 min.

Auditory oddball task Assesses the ability to selectively pay attention and respond to stimuli that are important and
ignore those that are not. A series of high and low tones are presented binaurally via
headphones at 75 dB (stimulus duration 50 ms, ISI of 1000 ms; rise and fall times of tones
5 ms). Participants are instructed to press buttons with the index finger of each hand in
response to 60 infrequent high-pitched “target” tones (presented at 1000 Hz) and to make
no response to 280 comparatively frequent low-pitched “background” tones (presented at
500 Hz). Speed and accuracy of response are stressed equally in the task instructions.
Tones are presented in a quasi-random order, with the only constraint being that two
targets cannot appear consecutively. Task duration is approximately 6 min.

Go/No-Go task Assesses inhibition and the switching between automatic responses and the rapid inhibition of
these responses. Participants are repeatedly presented with the word “PRESS” on the screen
(for stimulus duration 500 ms; ISI 1000 ms). If the word appears in green, the participant is
asked to respond by pressing buttons using the index finger of each hand. If the word
appears in red, the participant is instructed to make no response. Speed and accuracy of
response are equally stressed in the instructions. Go and NoGo stimuli are presented in a
pseudo-random order. Task duration is approximately 5 min.

The facial emotion-perception
task

The facial emotion-perception task involves presentation of facial expressions of emotion
(happiness, fear, anger, sadness, disgust, and neutral) for 500 ms each, using a previously
established protocol (44). Participants watch the faces appear on the screen.

DASS The DASS is a self-report questionnaire inquiring about the presence of emotional symptoms
of depression, anxiety, and stress. It has been validated for use in children and adolescents
for total score, but not to distinguish between anxiety, depression, and stress (45). We
maintained validity in younger children (≥8 y) by explaining standardized phrases in
simpler language (46) and using child-friendly wording (47).

ISI = interstimulus interval; DASS = Depression Anxiety and Stress Scales.
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as a covariate—to identify differences between the fainters, nonfainting
participants with nonepileptic events, and controls.
3In our previous publications, we had reported that 5 of 57 children had re-
ported sexual abuse (8–10). One participant subsequently made a new dis-
closure, making six altogether.
RESULTS

Missing Data
Examination of the data set revealed adequate data for the
baseline eyes-open condition and the facial emotion-
perception task (missing data = 2.6% and 3.7%, respec-
tively). The amount of missing data for the auditory oddball
task and the Go/No-Go task was higher (14.9% and 11.4%,
respectively), and participants with conversion symptoms
had more missing data than did controls (21% versus 9%
and 14% versus 8.8%, respectively). χ2 Analyses that tested
for differential frequencies of missing data between the con-
version and control groups for all conditions (HR, RMSSD-
HRV, and HFP-HRV) in the auditory oddball and the Go/
No-Go tasks did not reach significance, confirming that
the two groups were essentially “matched” on amounts of
missing data. Baseline respiratory rates were calculated for
48 of 57 conversion participants and 55 of 57 controls. For
seven conversion participants, there was not enough respira-
tory sinus arrhythmia for respiratory rate to be estimated.
Psychosomatic Medicine, V 77 • 356-370 360
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All data for HR, RMSSD-HRV, and HFP-HRV were nor-
mally distributed.
Characteristics of Prepubertal and Postpubertal
Participants
Comparisons between prepubertal and postpubertal chil-
dren showed no significant differences in terms of percent-
age of boys and girls (χ2 = 0.64, df = 1, p = .42), reported
life events (χ2 = 7.52, df = 9, p = .58), rates of DSM-IV-TR
anxiety and depression (χ2 = 0.029, df = 1, p = .86),
frequency of unresolved loss and trauma in attachment
narratives (χ2 = 1.56, df = 1, p = .21), types of self-
protective (attachment) strategies (Type A+ versus Type
C+; χ2 = 5.15, df = 2, p = .08), and incidence of syncope
(χ2 = 2.97, df = 1, p = .09) or other nonepileptic seizures
(χ2 = 0.314, df = 1, p = .58). Of the 6 of 57 children who
disclosed sexual abuse, 1 was prepubertal and 5 were
postpubertal: in 4 of those 5 cases, however, the sexual
abuse had occurred when the child was prepubertal.3
May 2015
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FIGURE 1. Baseline HR, RMSSD-HRV, and HFP-HRV in conversion participants and controls. HR = heart rate; RMSSD = root mean
squared successive differences of the interbeat intervals; HRV = heart rate variability; HFP = high-frequency power.

Autonomic Regulation in Conversion Disorders
Characteristics of Participants Experiencing
Nonepileptic Events
Comparisons between conversion participants with some
type of nonepileptic event (tonic/clonic-like events,
fainting, or mixed fainting and tonic/clonic-like events)
and other conversion participants showed no differences
in terms of age, sex, number of life events, hospital-bed
days, comorbid symptoms of pain, comorbid anxiety/
depression, unresolved loss or trauma (on linguistic as-
sessments of attachment narratives), attachment strategy,
and baseline physiological parameters (HR, RMSSD-
HRV, HFP-HRV, and respiratory rate). Children who
had nonepileptic events did, however, have a higher
overall number of conversion symptoms as compared
with the rest of the cohort (three versus two conver-
sion symptoms), and they were 1.8 times more likely to
experience one or more nonspecific somatic symptoms
(fatigue, breathlessness, dizziness, or nausea; t(42) = 2.28,
p = .028).
5Because we did not have information about the normative patterns of devel-
Resting Condition
During the baseline resting condition, conversion partici-
pants had higher HR, lower RMSSD-HRV, and lower
HFP-HRV compared with controls (Fig. 1 and Table 2).
There was no significant difference in respiratory rate
between the conversion participants and the controls.4

Additional analysis between the prepubertal and post-
pubertal groups indicated that the whole-group differ-
ences found between conversion participants and controls
4To check that results were not a function of differences in respiratory rate,
we reran the analyses in the subgroup of conversion participants—and their
matched controls—for whom respiratory rates were available. The direc-
tion of results for group differences in baseline HR, RMSSD-HRV, and
HFP-HRV was the same.
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were largely due to differences found in the postpubertal
subgroup (Table 3).5
Performance Across Tasks
Compared with controls, the conversion group showed
equivalent performance on the auditory oddball task and
poorer performance on the Go/No-Go task (including more
variable reaction times, more false alarms, and more total
errors) (10).
Patterns of HR, RMSSD-HRV, and HFP-HRV
Across Tasks
Compared with controls, the conversion group showed a
pattern of higher HR, lower RMSSD-HRV, and lower
HFP-HRVacross all tasks (Table 2). Additional analysis be-
tween the prepubertal and postpubertal groups indicated
that the above differences were largely due to differences
in the postpubertal subgroup (Table 3).
Change in HR, RMSSD-HRV, and HFP-HRV
Across Tasks
An increase in HR from baseline occurred in both the con-
version and control groups in the auditory oddball and
the Go/No-Go tasks. In both tasks, HR increases were
opmental changes on RMSSD-HRV and HFP-HRV in relation to puberty,
we looked at the developmental differences in those measures in the healthy
controls. This analysis showed a decrease in RMSSD-HRV and HFP-HRV
with puberty. Analysis of prepubertal and postpubertal participants from the
conversion group showed the same direction of change—a decrease in
RMSSD-HRV and HFP-HRV with the onset of puberty—although the de-
crease in RMSSD-HRVand HFP-HRV were more marked in the conversion
group than they had been in healthy controls (Table S1, Supplemental Digital
Content, http://links.lww.com/PSYMED/A207).
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TABLE 2. HR, HRV, and Vagal Tone Differences Between Conversion and Control Groups Across Tasks

Measure
Mean Value Conversion

Group (n = 57)
Mean Value Control

Group (n = 57) t df p
Cohen d
Effect Size

Resting condition

HR, bpm 82.49 74.16 +4.26 107 <.001 0.82

RMSSD-HRV, ms2 45.36 58.62 −2.55 105 .012 0.49

HFP-HRV, ln(ms2) 6.50 7.01 −2.42 106 .017 0.47

Auditory oddball task

HR, bpm 85.49 76.98 +4.09 94 <.001 0.84

RMSSD-HRV, ms2 42.39 55.95 −2.41 91 .018 0.51

HFP-HRV, ln(ms2) 6.28 6.77 −2.30 92 .024 0.48

Go/No-Go task

HR, bpm 86.02 79.25 −3.37 98 .001 0.68

RMSSD-HRV, ms2 40.36 57.70 −3.11 95 .002 0.64

HFP-HRV, ln(ms2) 6.15 6.52 −1.65 96 .10 0.34

Measure
Mean Value Conversion
Group Across Emotionsa

Mean Value Control
Group Across Emotions F df p

Cohen d
Effect Size

Facial emotion-perception task

HR, bpm 84.21 77.95 11.987 1, 95 .001 0.71

RMSSD-HRV, ms2 51.76 64.35 4.228 1, 88 .043 0.44

HFP-HRV, ln(ms2) 6.70 7.09 5.199 1, 92 .025 0.053

HR= heart rate, HRV = heart rate variability; t = t test; df = degrees of freedom; bpm= beats per minute; RMSSD= root mean squared successive differences
of the interbeat intervals; HFP = high-frequency power.
a There were no significant group by emotion effects.
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significantly larger in the control group (Table S2, Supplemen-
tal Digital Content, http://links.lww.com/PSYMED/A207).
Analysis of HR increases in the prepubertal and postpupertal
subgroups during the auditory oddball and the Go/No-Go
tasks followed the same pattern: the prepubertal/postpubertal
control groups showed robust HR increases, whereas HR
increases in the prepubertal/postpubertal conversion groups
were small or nonexistent (Table S3, Supplemental Digital
Content, http://links.lww.com/PSYMED/A207). In the
facial emotion-perception task, the conversion group
showed no change in HR, whereas the control group
showed robust HR increases across emotions (Table S2).
Analysis of HR changes in the prepubertal and postpubertal
subgroups during the facial emotion-perception task
showed that the lack of HR increases reflected the
postpubertal conversion subgroup only (prepubertal chil-
dren showed an increase in HR during the task comparable
to that that of controls; Table S3).

Changes in RMSSD-HRV were not significantly differ-
ent between the conversion and control groups for any of
the three task conditions. The only group to show within-
group changes (RMSSD-HRV decrease) was the control
group during the auditory oddball task (t(47) = 2.04,
p = .047).
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Changes in HFP-HRV were not significantly different
between the conversion and control groups in any of the
three task conditions. The conversion and control groups
both showed significant but equivalent decreases in HFP-
HRV in two tasks: the auditory oddball (t(43) = 2.70
[p = .01] and t(48) = 2.60 [p = .012], respectively) and
Go/No-Go task (t(46) = 4.06 [p < .001] and t(48) = 4.77
[p < .001], respectively).
Correlations With Subjective Distress
There were no correlations between the conversion partici-
pants' ratings of perceived distress (total DASS score) and
HR, RMSSD-HRV, or HFP-HRV during the resting condi-
tion (p > .05).
Comparisons Between the Control Group
and Type A+ (Inhibitory) and Type C+
(Coercive-preoccupied) Conversion Subgroups
During the Resting Condition
A comparison of the mean HR, RMSSD-HRV, and HFP-
HRV in the control group and the two conversion sub-
groups suggested differences between the three groups
in patterns of baseline arousal. The Type C+ conversion
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TABLE 3. HR, HRV, and Vagal ToneDifferences Between the Prepubertal ConversionGroup Versus Controls and the
Postpubertal Conversion Group Versus Controls Across Tasks

Measure
Mean Value

Conversion Group
Mean Value

Control Group t df p
Cohen d
Effect Size

Resting condition prepubertal subgroup (n = 22)

HR, bpm 82.84 76.89 2.08 41 .044 0.65

RMSSD-HRV, ms2 56.60 67.63 −1.14 39 .26 0.37

Vagal tone, ln(ms2) 7.05 7.39 −1.19 39 .24 0.38

Resting condition postpubertal subgroup (n = 35)

HR, bpm 82.25 72.44 3.74 64 <.001 0.94

RMSSD-HRV, ms2 37.98 53.31 −2.83 69 .006 0.70

Vagal tone, ln(ms2) 6.13 6.80 −2.56 65 .013 0.63

Auditory oddball task prepubertal subgroup (n = 22)

HR, bpm 86.50 80.62 1.75 34 .09 0.60

RMSSD-HRV, ms2 32.87 53.22 −0.31 32 .76 0.11

Vagal tone, ln(ms2) 6.74 6.98 −0.72 32 .47 0.25

Auditory oddball task postpubertal subgroup (n = 35)

HR, bpm 84.88 74.82 3.88 58 <.001 1.02

RMSSD-HRV, ms2 32.39 53.22 −3.96 49 <.001 1.13

Vagal tone, ln(ms2) 5.99 6.66 −2.53 58 .014 0.66

Go/No-Go task prepubertal subgroup (n = 22)

HR, bpm 87.29 82.95 1.47 37 .15 0.48

RMSSD-HRV, ms2 52.20 61.89 −0.99 34 .33 0.34

Vagal tone, ln(ms2) 6.61 6.79 −0.52 35 .52 0.18

Go/No-Go task postpubertal subgroup (n = 35)

HR, bpm 85.20 76.87 3.17 59 .002 0.82

RMSSD-HRV, ms2 33.00 55.35 −3.56 45 .001 1.06

Vagal tone, ln(ms2) 5.85 6.37 −1.84 59 .071 0.48

Measure
Mean Value Conversion
Group Across Emotions

Mean Value Control
Group Across Emotions F df p

Cohen d
Effect Size

Facial emotion-perception task prepubertal subgroup (n = 22)

HR, bpm 86.10 81.14 3.339 1, 36 .076 0.61

RMSSD-HRV, ms2 61.93 63.92 0.836 1, 33 .367 0.32

HFP-HRV, ln(ms2) 6.99 7.16 1.645 1, 34 .208 0.44

Facial emotion-perception task postpubertal subgroup (n = 35)

HR, bpm 83.11 75.72 8.999 1, 57 .004 0.79

RMSSD-HRV, ms2 41.37 54.77 4.083 1, 53 .048 0.56

HFP-HRV, ln(ms2) 6.23 6.73 3.978 1, 56 .051 0.53

HR= heart rate, HRV = heart rate variability; t = t test; df = degrees of freedom; bpm= beats per minute; RMSSD= root mean squared successive differences
of the interbeat intervals; HFP = high-frequency power.

Autonomic Regulation in Conversion Disorders
group showed the highest level of baseline arousal
(highest HR, lowest RMSSD-HRV, lowest HFP-HRV),
followed by the Type A+ conversion group and then the
control group (Fig. 2 and Table 4). These findings were
most robust for HR (Table 4). The same pattern of
findings—that the Type C+ conversion group showed
the highest levels of baseline arousal— was present
when the analyses were repeated in the prepubertal and
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postpubertal subgroups (Table S4, Supplemental Digital
Content, http://links.lww.com/PSYMED/A207).

Additional Analyses Examining the Autonomic
Profile of the Fainting Subgroup
A comparison of the mean HR, RMSSD-HRV, HFP-HRV,
and respiratory rate in the subgroup of conversion partici-
pants who fainted versus both nonfainting participants with
May 2015

 Unauthorized reproduction of this article is prohibited.

http://links.lww.com/PSYMED/A207


FIGURE 2. Baseline HR, RMSSD-HRV, and HFP-HRV in conversion subgroups A+ and C+ and controls. HR = heart rate; RMSSD =
root mean squared successive differences of the interbeat intervals; HRV = heart rate variability; HFP = high-frequency power; Conversion
A+ = conversion group with inhibitory attachment; Conversion C+ = conversion group with coercive-preoccupied attachment.
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nonepileptic events and controls showed a pattern suggest-
ing that fainters had high baseline HRs—as did nonfainting
participants with nonepileptic events—combined with the
lowest HFP-HRV and highest resting respiratory rates (see
Table 5).

DISCUSSION
This study used measures of heart function—HR, RMSSD-
HRV, and HFP-HRV—during four different laboratory
conditions to examine baseline arousal and autonomic
patterns of response in children and adolescents with
TABLE 4. HR, HRV, and Vagal ToneDifferences Between Co
Type C+ [n = 21]) in the Resting Condition

Group Mean Values F

HR in resting condition

Controls 74.16 12.915

Conversion A+ 79.90

Conversion C+ 87.38

Post hoc LSD analyses revealed significant differences between al
versus Type C+ group, p < .001; and Type A+ group versus Typ

RMSSD-HRV in resting condition

Controls 58.62 7.170

Conversion A+ 52.95

Conversion C+ 32.84

Post hoc LSD analyses revealed differences between controls vers
Type C+ group (p = .008). The difference between the control a

HFP-HRV in resting condition

Controls 7.01 4.558

Conversion A+ 6.70

Conversion C+ 6.71

Post hoc LSD analyses revealed differences between controls vers
control and Type A+ groups and the Type A+ and Type C+ grou

HR = heart rate; HRV = heart rate variability; df = degrees of freedom; Type
LSD = least significant difference.
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acute conversion symptoms compared with age- and
sex-matched controls. During the resting condition, the
conversion group showed a pattern of higher HR, lower
RMSSD-HRV, and lower HFP-HRV, indicating high
baseline levels of autonomic arousal. During the three
task conditions, the conversion group showed a decreased
capacity to mount an optimal autonomic response (HR in-
creases were compromised across tasks), reflecting less ef-
ficient autonomic regulation. These smaller (and in one
case, nonexistent) HR increases in conversion participants
suggest that their capacity to further withdraw the vagal
ntrols and Attachment Subgroups (Type A+ [n = 36] and

df p Cohen d Effect Size

2, 106 <.001 0.99

l groups: controls versus Type A+ group, p = .009; controls
e C+ group, p = .011.

2, 104 .001 0.74

us Type C+ group (p < .001) and Type A+ group versus
nd Type A+ group was not significant.

2, 105 .013 0.59

us Type C+ group (p = .003). The difference between the
ps were not significant (trend level of p = .08).

A+ = inhibitory attachment; Type C+ = coercive-preoccupied attachment;
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TABLE 5. Physiological Differences Between Fainters, Nonfainting Participants With Nonepileptic Seizures, and
Controls in the Resting Condition

Group Mean Values F df p Cohen d Effect Size

Heart rate in resting condition

Fainters 81.18 5.2 2, 80 .007 0.72

Nonfainters 83.14

Controls 74.09

Post hoc LSD analyses revealed significant differences between fainters versus controls (p = .04) and nonfainters versus
controls (p = .006). Differences between fainters and nonfainters were not significant (p = .645). That is, both fainters
and nonfainters had higher heart rate than did controls.

RMSSD-HRV in resting condition

Fainters 50.35 1.79 2, 77 .174 0.43

Nonfainters 44.48

Controls 57.96

Post hoc LSD analyses showed no significant differences between any of the groups.

HFP-HRV in resting condition

Fainters 6.13 3.87 2, 78 .025 0.63

Nonfainters 6.66

Controls 6.99

Post hoc LSD analyses revealed significant differences between fainters versus controls (p = .008). There were no significant
differences between fainters versus nonfainters (p = .174) and nonfainters versus controls p = .275.

Respiratory rate in resting condition

Fainters 17.51 3.65 2, 75 .031 0.63

Nonfainters 13.35

Controls 15.85

Post hoc LSD analyses revealed differences between fainters versus nonfainters (p = .009) and nonfainters versus
controls (p = .046). Differences between fainters versus controls were not significant (p = .155).

df = degrees of freedom; LSD = least significant difference; RMSSD = root mean squared successive differences of the interbeat intervals; HRV = heart rate
variability; HFP = high-frequency power.

Autonomic Regulation in Conversion Disorders
break and to further increase sympathetic activation had
reached a ceiling. Together, these findings suggest that the
cost of high baseline arousal in the conversion group was
a decreased autonomic reserve in response to further stress
or challenge.

Our results also suggest that baseline autonomic dys-
regulation in children/adolescents prone to conversion
symptoms may increase with the onset of puberty. This
increase may account, in part, for the findings of epide-
miological studies that the incidence of conversion disor-
ders increases with the onset of puberty, (1,2,50,51). Sex
differences are also potentially relevant in this context.
Conversion presentations are twice as high for females
as for males, and the incidence of conversion episodes
in women rises sharply with the onset of puberty and falls
off in and around menopause (50). Further research could
help to determine whether these differences reflect the
up-regulation of girls'/women's stress response by estro-
gen and progesterone (21,52–54) (versus the down-
regulation of boys'/men's stress response by androgen
(54)) or the activation/potentiation of “feminized” brain
Psychosomatic Medicine, V 77 • 356-370 365
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circuits and behavioral/physiological patterns of re-
sponse by sex hormones at puberty (55,56).

The differences in baseline autonomic state between the
Type A+ and Type C+ conversion subgroups—found both
in the whole-group analysis and in the prepubertal and
postpubertal subanalyses—were unexpected. In clinical
contexts, our assessments of attachment generate informa-
tion about emotional/relational functioning information that
we integrate into our clinical formulations and that we use
in planning individual and family interventions (57,58). Pa-
tients in the Type C+ subgroup are typically more difficult
to treat because, unlike the compliant patients in the Type
A+ subgroup, these children and adolescents—and their
families—are difficult to engage, inconsistent in their be-
havior, and less likely to adhere to recommended interven-
tions. What the results of the present study add is that
patients in the C+ group are also more dysregulated—a
problem that requires separate attention.

A growing body of research suggests that an individ-
ual's experiences in utero and early in development shape
the reactivity of their stress-regulation systems (59–63)
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(Skowron and Khurana, submitted for publication). Like-
wise, results from the Copenhagen Child Cohort CCC2000
suggest that problems with feeding, sleep, and tactile reac-
tivity, as well as maternal psychiatric illness during the
child's first year of life, are associated with functional so-
matic symptoms in childhood (64). The differences in
the children's regulation between attachment groups sug-
gest that attachment figures, in interaction with genetic
and epigenetic factors, play an important role in tuning
and fine-tuning the child's autonomic system. The repeat-
ing sequences of interactions that make up attachment
relationships may function to activate and deactivate
stress-regulation systems on a daily basis, and in ways
that facilitate or undercut the child's developing regulatory
capacities. Taken together, the above studies suggest that
autonomic dysregulation and vulnerability are likely to
occur early in development and to precede the emergence
of conversion symptoms, functional pain, and comorbid
anxiety or depression.

Our results also have implications concerning the sub-
group of conversion participants who experienced fainting
episodes (25% of the sample) as part of their presentation.
Examination of the clinical profile of these patients showed
a higher number of nonspecific somatic symptoms (fatigue,
breathlessness, dizziness, or nausea)—all of which are
TABLE 6. Clinical Outcomes of the 57 Children/Adolescen
Treatment Intervention (58,77) (Follow-Up for a Minimum

Outcome

Fully recovered

Time to recovery (range) = 2 wk–5 y

Time to recovery (median) = 6 mo

Time to recovery (mean) = 11.42 mo (mean value is inflated by
36, 43, 48, 58, and 60 mo, respectively). Two children with hem
motor function (and returned to school) in 3 and 9 mo, respectiv
at 18 and 58 mo, respectively.

Relapsing in the context of new stress but well in-between (attend

Relapses became shorter over time as the children/adolescents
stress and at managing the episodes.

Chronic conversion symptoms (nonepileptic events)

Conversion disorder transformed into a different chronic illness

Chronic pain (n = 2)

Chronic pain, fatigue, anxiety, and depression (n = 1)

Chronic and debilitating anxiety (n = 1)

Eating disorder (n = 1)

Factitious presentations (n = 2)

Borderline personality disorder and severe family conflict (n = 1

Lost to follow-up

Discharge against medical advice following a child protection n

Family not contactable (n = 1)
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mediated by activation of the autonomic nervous system
(21,65,66). Examination of the physiological profile of
these patients indicates that multiple interlinking elements
within the cardiac, respiratory, and circulatory systems are
dysregulated at baseline (eyes open, resting state) and lie
on the extreme end of the normative curve: the vagal com-
ponent as reflected in very low HFP-HRV, the sympathetic
component as reflected by elevated respiratory rate and HR,
and the respiratory (blood gases) component as reflected
by elevated respiratory rate (Table 6). Our findings of ex-
treme autonomic dysregulation in this subgroup of conver-
sion participants with fainting episodes complement the
findings from a recent study by Hendrickson et al. (67),
which showed that conversion patients with nonepileptic
events—all of whom experienced changes in awareness
(pre-syncope)—experienced a large number of comorbid
somatic symptoms, reflecting extreme autonomic dysregu-
lation. Against this background, the experience of pain or
emotional distress may provoke a shift even further away
from the normative range. Fainting may then occur be-
cause a threshold of sympathetic arousal has been reached
and activity by the NA vagal fibers to the heart has been
withdrawn: DMN fibers to the heart are then activated,
causing a sudden drop in HR, cerebral hypoxia, and, in turn,
an episode of fainting (18,19). Hyperventilation-induced
ts With Conversion Disorders After the Multimodal
of 4 Years)

No. %

35 61

5 outliers whose recovered times were
iparesis and hemisensory loss recovered
ely, but full (sensory) recovery occurred

ing school or working) 10 17.5

and their families got better at managing

1 2

9 16

)

2 3.5

otification (n = 1)
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hypoxia in the context of pain or emotional distress may
contribute to this process (see later).

In the process described earlier, an elevated respiratory
rate seems to be one of the background conditions that
defines, at baseline, the fainting subgroup and its compro-
mised state of homeostasis. We also know from our clinical
practice that many patients presenting with acute conver-
sion symptoms hyperventilate when stressed. For example,
when antecedent stressors are being explored during our
initial clinical assessments, respiratory rates greater than
30 breaths/min—the extreme end of the normal distribution
(26)—are common.6 In susceptible individuals, hyperventi-
lation can, of its own accord, induce episodes of fainting
secondary to cerebral hypoxia (a combination of cere-
bral constriction and a decrease of oxygen release to the
tissues (Bohr effect; for review, see Kozlowska (21)). It
has also been hypothesized that hypoxic conditions (e.g.,
hyperventilation-induced cerebral hypoxia) may increase
the probability that the DMN vagal neurons will be acti-
vated (18,69). It is therefore possible that our patients'
tendency to hyperventilate in response to emotional and
physical stressors (e.g., pain) may function to induce
fainting both directly (via cerebral constriction and the Bohr
effect) and indirectly by activating central mechanisms that
activate the DMN vagus and induce a sudden drop in HR.

A study by Lempert et al. (70) suggested that a subset of
nonepileptic seizures may reflect presyncopal episodes ac-
companied by myoclonic (involuntary twitching) move-
ments; it is possible that some of the nonepileptic events
(short of fainting) experienced by our participants were me-
diated by the samemechanism. In our clinical practice, dur-
ing routine EEG assessment with children/adolescents
presenting with nonepileptic, approximately one-third are
hypocapnic at baseline (PCO2 < 36 mm Hg), and many
show marked drops in PCO2 to levels during the hyperven-
tilation component of the EEG.7 Because cerebral vasocon-
striction in response to low PCO2 shows high degrees
of variability (ranging from a small decreases in cere-
bral blood flow to drops of up to 80% (71–73)), some
nonepileptic seizures may reflect changes in consciousness
secondary to partial cerebral hypoxia accompanied by mus-
cle reactivity and jerking in the context of high sympathetic
arousal (74) (versus the atonia that accompanies syncope
due to a disruption of the signals from the brain stem that
ordinarily maintain muscle tone) and an array of behaviors
that may emerge with cerebral hypoxia (e.g., increased
6Cannon (68) noted as early as 1915 that “one of the most characteristic re-
actions of animals in pain and emotional excitement is deep and rapid res-
piration…it is known that by such forced respirations the carbon-dioxide
content of the blood can be so much reduced…” (p204).
7To date, our most extreme case has been a drop of PCO2 from 28mmHg at
baseline (below homeostatic range) to 15 mm Hg in a period of 5 minutes,
followed by a failure of recovery (PCO2 recovered to 27 mm Hg in
10 minutes) in an adolescent with syncopal episodes, bilateral leg weak-
ness, and pain.
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suggestibility or the release of memories, feelings, or motor
patterns that are inhibited under normal circumstances, in-
cluding increased anxiety, panic, weeping, thrashing, or
writhing (75)).

Our findings of increased autonomic arousal have
changed the assessment process (21,35,76) and treatment
priorities within our family-based, multimodal, mind-body
inpatient program (58,77) for children/adolescents present-
ing with conversion disorders. Specifically, in the family as-
sessment interview, we routinely assess for clinical signs of
autonomic dysfunction (hyperventilation, dizziness, light-
headedness, breathlessness, and nausea), motor reactivity
(muscle tension), and circadian clock dysfunction (which
is a common comorbid symptom and likely to include an
increase in sympathetic-mediated arousals) (21,78). For
children and adolescents presenting with syncope or
nonepileptic events—and in particular, for those who
have been found to hyperventilate on clinical assessment
or family history—we now routinely add a percutaneous
carbon dioxide (PCO2) probe to their EEG assessments to
provide information about the degree of PCO2 drop dur-
ing hyperventilation.

With regard to our treatment program, the down-
regulation of arousal and the up-regulation of body pro-
cesses mediating states of calm, interpersonal connection,
and renewal (21) are our initial priorities in each admission.
We address sleep issues in the first days of admission by
using a combination of sleep-hygiene interventions, in-
crease of sleep debt (by keeping some adolescents up for
a day and a night), and short-term medication (melatonin,
quetiapine [6.25–25 mg], or clonidine [25–100 μg]) to
reset the circadian clock and minimize HPA/sympathetic-
mediated arousals during sleep. All children/adolescents
are taught diaphragmatic breathing and participate in a
breath-training intervention using a biofeedback device
(in our case, MyCalmBeat). The aims of the intervention
are to train the children/adolescents to breath at their reso-
nant frequencies—the breath rate that maximizes HRV
and vagal function (usually 5-8 breaths/min in children
and adolescents)—and to use this intervention regularly
throughout the day as part of their stress-management inter-
ventions (79). For children who are breathing too fast at
baseline (e.g., ≥20 breaths/min), we typically use a step-
down approach where we work slowly to enable them to
breathe within the normal rate. A compact disk called Slow
Down, whose gong sounds begin at 20 beats/min and work
downward, can be helpful. A daily exercise program is also
presented not just as a physical intervention but also as a
psychological intervention that fine-tunes the stress system
as part of a daily routine. Subsequently, other interventions
that target arousal and self-regulation—relaxation exer-
cises, hypnosis, mindfulness, cognitive-behavioral inter-
ventions, and family interventions addressing relational
factors that contribute to high arousal (19,21,58,77)—are
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integrated into the inpatient program. An ongoing challenge
is to effectively deliver these interventions to children/
adolescents who use Type C+ attachment strategies; suc-
cessful treatment is more difficult with these patients
because their greater degree of autonomic dysregulation is
coupled with a contradictory stance of demanding care
while passively resisting any intervention that is offered.

Our study has a number of limitations. First, our test
battery provided no recovery periods and was therefore
unable to assess our participants' capacity to recover vagal
tone following a challenge. Second, efforts to assess cardiac
sympathetic and vagal activity via ECGs are subject to the
inherent limitations of the ECG itself, as is apparent from
the broader theoretical literature on interpreting that partic-
ular measure. Third, a useful next step would have been
to assess whether our conversion participants showed ele-
vated sympathetic activity using skin conductance mea-
sures. Fourth, our conversion sample consisted largely
of children and adolescents with acute conversion symp-
toms, which were treated actively soon after presentation
(57,58,77) and which, in most cases, had excellent out-
comes (see Table 6). Our data may not be directly applica-
ble to adult settings. In the case of adults, patient symptoms
may be chronic, issues of stress-system burnout come
into play, and conversion presentations may be compli-
cated by mechanisms involved in conditioning and learned
associations (21,66).

Despite the above limitations, our results have impor-
tant implications for theoretical models of conversion disor-
ders and for treatment. This study adds to a growing
literature indicating that states of high arousal may be a pre-
condition for generating conversion symptoms. Functional
dysregulations of the cardiac, respiratory, and circulatory
systems may mediate fainting episodes and nonepileptic
seizures, and aberrant patterns of functional connectivity
between motor areas and central arousal systems may be re-
sponsible for generating motor conversion symptoms. Our
data also suggest that therapeutic interventions with child
and adolescent patients should focus on down-regulating
arousal, target the parasympathetic and sympathetic com-
ponents of arousal separately, and work to identify biologi-
cal, psychological, and relational factors that interact to
shape the child's developing self-regulation capacities.
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