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The Developmental Social-Emotional Processing Disorder Is
Associated with Right Hemisphere Abnormalities
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Summary: We report the findings of neurological examination, neurophysiologi-
cal studies, and neuroimaging studies in two samples of patients with the social-
emotional processing disorder (SEPD). The first sample was selected anecdotally,
on the basis of having the clinical presentation and neuropsychological features of
SEPD, as well as documented neurophysiological abnormalities. The second sam-
ple was selected by senal chart review. blind to neurodiagnostic findings, on the
basis of neuropsychological profile and clinical presentation. SEPD is a develop-
mental syndrome characterized by a history of markedly poor interpersonal adap-
tation and relative deficiencies in nonverbal cognitive ability and paralinguistic
communication skills. The neurodiagnostic findings support the hypothesis that
SEPD is associated with early brain injury that affects the right hemisphere and
results in its failure to support the adequate development of the cognitive, affec-
tive, and behavioral functions it normally subserves. Key Words: SEPD—Right

hemisphere. NNBN 8:99-105, 1995

Dyslexia is a developmental disability affecting the
language system that has been associated with neuro-
physiological dysfunction and both gross and cytoar-
chitectonic brain abnormalities disproportionately af-
fecting the left cerebral hemisphere (1). Over the past
15 years, a learning disability, thought to arise from
congenitally or early acquired damage affecting the
right hemisphere, has been identified and described.
This developmental syndrome, which we will refer to
as the social-emotional processing disorder (SEPD),
is characterized by (a) a history of deficient interper-
sonal relations, usually reflected in extreme shyness;
(b) difficulties interpreting and producing paralin-
guistic (nonverbal) aspects of communication, in-
cluding prosody, facial expression, and gesture; and
(c) impaired visuospatial relative to verbal abilities
(2-7). Associated features include attention deficits
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(6. 8): poor emotional adjustment and psychiatric dis-
orders, particularly depression (9, 10); and soft neuro-
logical signs on the left side of the body (2, 7). Defi-
ciencies in early academic achievement, if present. are
typically in arithmetic and not in reading (5, 7. [1).
The SEPD has been associated with putative right-
hemisphere dysfunction on the basis of neuropsycho-
logical profile and neurological examination findings
(2, 3,7.12). However, relatively few studies have doc-
umented associated deviations in brain morphology
or physiology (6, 9. 11). We present the findings of
neurological examination, neurophysiological stud-
ies, and neuroimaging studies in two samples of pa-
tients with SEPD. The first study documents an associ-
ation of the clinical syndrome of SEPD with right-
hemisphere neurophysiological dysfunction in a
sample of seven patients who were selected anecdo-
tally, on the basis of having abnormal findings on
neurodiagnostic tests. These patients are typical of pa-
tients in both samples and are described in detail. The
second study employed systematic sampling methods
and selection criteria to identify patients with the clin-
ical presentation and neuropsychological profile of
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TABLE 1.

Patient descriptions (Study 1): demographics, history, behavioral observations, 1Q scor. .

and achievement test percentiles

Patient/

gender/ Social history/behavioral observations/emotional Eye Prosody/ Read Sp_ell Math

age/hand difficulty contact affect VIQ PIQ ‘%ile T%ile  %ile

1/M/16/R Chronically shy, few friends/no elaborated Poor Monotone/ 116 78 66 73 63
conversation/increasing withdrawal with onset of flat
obsessive-compulsive symptoms and tics

2/M/16/R  Chronically shy, “loner™/paucity of facial expression, Poor Monotone/ 119 92 88 34 16
discomfort, difficulty expressing feelings in words/ flat
depression

3/M/15/R Very shy, few friends/rarely initiates interaction/low Poor Monotone/ 103 79 96 84 21
self-esteem. sadness flat

4/F/23/L Actively avoids contact, social phobia, few friends/ Normal Normal/ 100 101 82 77 30
restricted facial expression and body gesture, no constricted
change in affect while discussing painful feelings/
chronic depression

5/F/14/R Socially withdrawn, unmodulated voice, clumsy/stares at  Poor Monotone/ 137 115 87 58 57
wall, hides face, language rapid-fire, stilted, odd constricted
inflection/inordinate time spent in fantasy

6/F/34/A Shy/difficulty with self-expression, halting speech/low Poor Normal/ 101 85 70 77 14
self-esteem, unprecipitated episodes of crying and anxious
sadness

7/F/31/L* Introverted, aloof, interpersonal difficulties result in job  Poor Monotone/ 108 80 82 77 30

loss/restricted gestures/severe depression

sad

VIQ, verbal 1Q; PIQ, performance 1Q.

¢ Case with unilateral left-hemisphere electrophysiological findings.

SEPD and further explored the associated neurologi-
cal, neurophysiological, and neuroanatomical abnor-
malities.

STUDY 1
Patients and Methods

The seven patients who composed the first sample
were evaluated at the Behavioral Neurology Unit of
Beth Israel Hospital. They were selected on the basis
of having (a) histories and neuropsychological find-
ings that were consistent with the diagnosis of SEPD
as determined by chart review according to the three
criteria outlined above, and (b) neurodiagnostic stud-
ies that had disclosed abnormal features [e.g., EEG,
computed tomography (CT), magnetic resonance
imaging (MRI), brain electrical activity monitoring
(BEAM)].

Summary of Patients

Table 1 presents patient descriptions that specify
demographics, social history, behavioral observa-
tions, emotional features, and the findings of IQ and
achievement tests. The sample was composed of three
men and four women, ranging in age from 14 to 34
years, who had been referred for diagnostic evaluation
of academic problems, interpersonal difficulties, or
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psychiatric disturbance. All patients had histories of
severe interpersonal difficulties and poor emotional
adjustment. On the basis of the examiners’ descrip-
tions, which were noted in the charts, six of the seven
patients had poor eye contact, five had abnormal
spontaneous production of prosody, and all had affec-
tive abnormalities, including flatness, constriction,
anxiety, and sadness.

Neurological History

On the basis of self-report, four of the seven patients
were right-handed, two were left-handed, and one was
ambidextrous. Four patients had histories suggestive
of neurological injury before age 10, consisting of peri-
natal stress, hemophilus influenza meningitis (age 3),
hypoglycemic coma (age 7), and cerebral palsy (pa-
tients 3, 5, 6, and 7, respectively). Four patients had
immediate family members with learning disabilities
in arithmetic and spelling; psychiatric disorders con-
sisting of depression and manic-depressive illness;
similar interpersonal features (shyness); neurological
symptoms consisting of left hemibody soft signs (pa-
tients 1, 2, 4, and 7); or more than one of these.

Neuropsychological Findings

As evaluations had been conducted for clinical pur-
poses, patients were administered different tests, but
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major neurocognitive domains were assessed in each
case. On the Wechsler Adult Intelligence Scale-Re-
vised (WAIS-R) or Wechsler Intelligence Scale for
Children-Revised (WISC-R), six of seven patients
had a higher verbal than performance 1Q, which did
not result simply from the timed nature of the perfor-
mance subtests. All patients showed deficient perfor-
mance on one or more standard neuropsychological
tests of attention, including measures of immediate
span [Digit and Visual Span (13)], freedom from dis-
tractibility [Stroop Test (14)], set maintenance and
alternation [Trail Making Test (15)], word-list genera-
tion (16), and response inhibition [Motor Go-No-Go
paradigm (17)]. All patients showed impairments in
visuospatial ability relative to language-based cogni-
tive skills, which were in the average to above-average
range. Several patients were deficient in complex per-
ceptual judgments on Judgment of Line Orientation
(18) and had deficient constructional ability on the
basis of piecemeal, distorted copies of the Rey-Os-
terreith Complex Figure (19). One patient showed a
significant reduction in delayed recall of nonverbal
versus verbal materials on both the Wechsler Memory
Scale, Revised (WMS-R) (13) (Logical Memory I &
II: 81 and 73 percentile versus Visual Reproduction I
& II: 74 and 32 percentile) and the Warrington Recog-
nition Memory Test (20) (Words: 49 of 50 versus
Faces: 30 of 50, difference significant at p < 0.05).
Arithmetic subtest percentile scores were lower than
those for Spelling and Reading on the Wide Range
Achievement Test-Revised (WRAT-R) (21). Speech
prosody was formally tested (procedure described else-
where) (22) in five patients, all of whom displayed
deficiencies in the discrimination, repetition, and/or
spontaneous production of affective and/or nonaffec-
tive prosody.

Neurological Examination and
Neurodiagnostic Tests

Neurological examinations showed disproportion-
ate left-sided soft signs in five of seven patients. In six
of seven patients, neurophysiological studies impli-
cated disproportionate right-hemisphere dysfunction.
Four patients showed a predominance of right-hemi-
sphere EEG abnormalities: two with slowing and two
with epileptiform activity (one emanating from cen-
tral and to a lesser extent, parietal regions, and the
other from the temporal lobe). Two patients showed
right posterior abnormalities on BEAM auditory and
visual evoked responses.

The neurological, CT, and EEG findings for patient
7 indicated left-hemisphere abnormalities. Her neuro-
logical examination showed a right hemihypoplasia

and a mild right hemiparesis with increased deep ten-
don reflexes and an extensor plantar response. An
EEG demonstrated left temporal epileptiform activ-
ity, and CT revealed that the left hemisphere was
smaller than the right. This patient was left-handed
and had been noted to drag her right foot at the onset
of walking, at which time she was diagnosed with cere-
bral palsy. She showed a left-ear advantage on a vari-
ant of the dichotic listening test for digits (83.3%
correct for digits presented to the left-ear versus 66.7%
correct for digits presented to the right ear), suggestive
of anomalous dominance for language (23). This pa-
tient is presented in greater detail elsewhere (24).

Summary

This sample of seven adolescent and adult patients
with SEPD is similar in clinical features to one we
described earlier (7). These patients had features asso-
ciated with SEPD, including poor emotional adjust-
ment and psychiatric illness, attention deficits, poor
achievement in mathematics relative to basic linguis-
tic abilities, and left-hemibody soft neurological signs.
In addition, all patients had either a personal history
suggestive of early neurological injury or a family his-
tory of interpersonal difficulties, psychiatric disorder,
learning disability, or neurological symptoms. Our re-
port adds the documentation of associated right-hemi-
sphere neurophysiological dysfunction in six of the
seven patients. One patient, with apparent anomalous
cerebral dominance, had left-hemisphere abnormali-
ties on neurological examination, EEG, and CT.
These findings prompted us to undertake a more sys-
tematic investigation of the neurological, neurophysi-
ological, and neuroanatomical correlates of the clini-
cal syndrome of SEPD.

STUDY 11
Patients and Methods
Selection Procedure

We reviewed the medical records of a series of 441
patients between the ages of 14 and 65 years for possi-
ble inclusion in this study. All had been seen for neuro-
psychological evaluations over a 1.5-year period at
the Behavioral Neurology Unit of Beth Israel Hospi-
tal, Boston. Patients whose clinical work-up did not
include a neurological examination or neurodiagnos-
tic studies were excluded. Patients with a diagnosis of
acquired brain disease or with a history of significant
brain injury after the age of 10 were also excluded. Of
those remaining, 17 patients, seven women and 10
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TABLE 2. Demaographic, historical, and neuropsychological findings in patients grouped by laterality
of neurological examination and nevrodiagnostic study findings (Study 11)

Right- Left-
hemisphere hemisphere Bilateral Normal Total
Patients (n=8)(%) (n=2)(%) (n=6)(%) (n=1)(%) (n=17)(%)
Gender. M 63 67 100 59
Hand. R 63 83 0 59
Abnormal neuro exam 75 100 33 0 59
Abnormal neurodiagnostic 50 100 100 0 71
Early brain injury 75 50 0 59
Family history 25 67 100 47
Psych history 63 83 100 71
Poor eye contact 63 100 67 100 71
Abnormal prosody 88 67 0 71
Attention deficits 88 100 100 100 94
Poor math ability 38 100 67 100 59

men, ranging in age from 14 to 65, met criteria for
SEPD on the basis of neuropsychological profile and
history. The criteria for diagnosing SEPD were as fol-
lows: (a) normal verbal intellectual ability (verbal IQ
=90); (b} a relative deficit in nonverbal intellectual
ability [performance IQ 10 or more points lower than
verbal IQ. A 10-point IQ discrepancy is significant at
the 0.05 level (25)]; (c) a lifelong history of markedly
poor interpersonal adaptation; and (d) diminished
eye contact, prosody or both on observation and,
in some cases, on formal assessment of the pro-
sodic aspects of speech [procedure described else-
where, (22)].

Results

Summation of Neurological Examination and
Neurodiagnostic Study Findings

Table 2 groups the sample according to the lateral-
ity of abnormalities as documented in the neurologi-
cal examination, on neurodiagnostic studies or both.
Of the 17 patients, eight had right-hemisphere abnor-
malities, two had left-hemisphere abnormalities, six
had bilateral abnormalities, and one had normal find-
ings.

Right hemisphere abnormalities (n = 8)

On neurological examination, six of the eight pa-
tients had signs and symptoms reflecting right cere-
bral involvement, which included asymmetrical deep
tendon reflexes and left hemihypoplasia (# = 3) and
“soft” signs consisting of asymmetrical posturing on
complex gait (L > R), and decreased rapid alternating
movements on the left (n = 3). On neurodiagnostic
studies, four patients had right-hemisphere abnormali-
ties: two had previously undetected temporal lobe
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epileptiform activity, one had a frontal lobe arteriove-
nous malformation, and one had nonspecific tem-
poral and occipital abnormalities on BEAM auditory
and visual evoked responses. Three patients had nor-
mal neurodiagnostic findings, and one patient had
not undergone neurodiagnostic studies.

Left Hemisphere Abnormalities (n = 2)

Both patients had asymmetrical dystonic posturing
(R > L) on complex gait and left temporal lobe epilep-
tiform activity on EEG. One patient also had focal
atrophy in the temporal lobe.

Bilateral Abnormalities (n = 6)

Two patients showed bilateral dystonic posturing of
the arms on complex gait. All six patients had bilat-
eral abnormalities on SPECT, EEG or both, and one
also had bilateral medial temporal arachnoid cysts.

Normal Findings (n = 1)

One patient had normal findings on neurological
examination, neuroimaging, and neurophysiological
studies.

Historical and Neurological Characteristics
Cerebral Dominance

Determination of handedness was by self-report.
Overall, 10 patients were right-handed, four were left-
handed, and three were ambidextrous. Interestingly,
neither patient with left-hemisphere abnormalities
was right-handed, and in one of these patients, the
findings of a presurgical intracarotid amobarbital pro-
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cedure were consistent with right-hemisphere domi-
nance for language.

Psychiatric History

Sixty-five percent (n = 11) of the patients had either
previous or current depression. Sixty-five percent
(n = 11) of the patients had other psychiatric illnesses
including eating disorders, psychotic disorders, obses-
sive-compulsive disorder, and panic disorder. Only
one patient, a 14-year-old, had no diagnosed psychiat-
ric disorder.

Neurological Risk Factors

Fifty-nine percent of the patients had histories sug-
gestive of early brain injury consisting of pre- or peri-
natal insult, significant head injury and/or a neurolog-
ical illness (e.g.. encephalitis) before age 10. Forty-
seven percent of the patients had family histories of
major psychiatric illnesses or developmental dis-
orders including depression, alcoholism, obsessive—
compulsive disorder, and learning disability, includ-
ing dyslexia. In all, 15 of the 17 patients reported one
or both of these factors in their histories.

Neuropsychological Characteristics

Fifty-nine percent of the patients reported either a
history of mathematical learning difficulty and/or
showed worse achievement in mathematics than in
reading or spelling as measured by the WRAT-R. All
but one of the patients were deficient on standard neu-
ropsychological tests of attention (described in Study
1), eight reported a history of attention deficits and
three had previously been diagnosed with attention
deficit disorder, two with hyperactivity.

DISCUSSION

The developmental syndrome of SEPD is charac-
terized by deficiencies in functions normally sub-
served by the right hemisphere. The current studies
document the presence of neurophysiological and
neuroanatomical abnormalities in patients with
SEPD. The majority of patients showed evidence of
unilateral right-cerebral abnormalities. However, a
substantial number had bilateral cerebral abnormali-
ties and several had unilateral left-cerebral abnormali-
ties. In addition, almost every patient had a personal
history suggestive of early neurological injury or a fam-
ily history of learning difficulties, interpersonal defi-
cits, psychiatric disorder, or neurological symptoms.

Hypotheses regarding the bases of these associations
are discussed below.

All of the three patients whose neurodiagnostic find-
ings implicated the left hemisphere had anomalous
cerebral dominance. All three were left-handed, and
two had evidence of right-hemisphere dominance for
language: one on the basis of an intracarotid amobar-
bital procedure and the other on the basis of dichotic
listening performance. We have discussed this para-
doxical association of SEPD with left hemisphere dys-
function in greater detail elsewhere (24). The explana-
tion we prefer is that early left-hemisphere injury re-
sulted in a displacement of language and handedness
to the right hemisphere and that this reorganization
interfered with the development of functions that the
right hemisphere normally subserves. Dominance for
language is subject to normal variations and can “‘re-
locate™ to the right hemisphere in the case of early
injury (26-28). In contrast, functions subserved by
the right hemisphere (e.g., visuospatial skills and the
spatial distribution of attention) are seldom localized
in the left hemisphere even in patients with early
right-hemisphere injury, anomalous dominance for
language and/or nonright-handedness (28, 29). For
this reason, functions subserved by the right hemi-
sphere may be vulnerable to disruption by early in-
jury to either or both cerebral hemispheres.

The histories of early diffuse encephalopathic
events (e.g., meningitis, hypoglycemic coma) in some
patients and the presence of bilateral cerebral abnor-
malities in a substantial number of patients also indi-
cate that although the neurodevelopmental injury
that gives rise to SEPD disproportionately affects
right-hemisphere functions, it may not affect the right
hemisphere exclusively. Diffuse bilateral brain insults
might give rise to SEPD on the basis of the hypothe-
sized vulnerability of right-hemisphere functions or
on the basis of asymmetrical damage, although it is
the left hemisphere that is thought to be at increased
risk (30, 31). Bilateral abnormalities may also result
from early unilateral injury. In animals, prenatal uni-
lateral ablation leads to anatomical changes in both
proximal and distal brain regions as well as in regions
contralateral to the injury [e.g.. (32)]. In humans,
there is some evidence that early unilateral lesions can
give rise to bilateral abnormalities of function. This
has been demonstrated in individuals with comport-
mental learning disability and with infantile hemiple-
gia (33, 34). SEPD may be analogous to dyslexia, in
which there are often bilateral neurodevelopmental
abnormalities in brain anatomy and physiology
(usually left more than right) but functions associated
with one hemisphere (the left in dyslexia) are dispro-
portionately affected (1). In our report, the range of
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neurodiagnostic findings and the histories suggestive
of both early-acquired and genetic etiological factors
imply that the etiologies and brain abnormalities as-
sociated with the clinical syndrome of SEPD are het-
erogeneous.

The features of SEPD as defined here and in pre-
vious studies are a relative deficiency of nonverbal
intellectual ability, poor paralinguistic communica-
tion skills, and a developmental history of markedly
poor interpersonal adaptation. Our findings also sup-
port the association of SEPD with attention deficits,
mathematical learning difficulties, depression, and
other psychiatric disorders. None of these associated
features was present in all patients. Prospective stud-
ies using larger samples and standardized measure-
ments of symptoms, such as deficient attention and
eye contact, might explore the relations between the
associated features, their relationship to brain anat-
omy and physiology and to possible etiologies such as
genetic factors and the timing of brain injury.

Consistent with previous reports, attentional defi-
cits were present in the vast majority of patients (6, 8).
Many of the patients met Wender’s Utah criteria for
attention deficit disorder [ADD, (35)], and several
had been diagnosed with ADD in the past. Standard
clinical neuropsychological measures of attention are
multidimensional and do not adequately delineate
the exact nature or specific anatomic basis of atten-
tional disturbance. For this reason, it is not known
whether the nature or degree of attentional distur-
bance differs in individuals with SEPD versus those
with ADD alone. The presence of attention deficits in
SEPD is not surprising, because in normal adults the
right hemisphere provides the primary neuroana-
tomical substrate of a distributed large-scale neural
network for the spatial distribution of attention (36—
38). A preliminary study of spatially directed atten-
tion as measured by eye movements found that indi-
viduals with SEPD have deficits that distinguish them
from both normal and dyslexic subjects (39). This
suggests that the use of objective physiologically based
measurements of attention may aid in the delineation
of individuals with developmental disorders that af-
fect aspects of attentional functioning.

Individuals with SEPD also have difficulty with the
modulation of affective experience. Our study further
documents the comorbidity of SEPD with refractory
depression and other neuropsychiatric disorders (9-
11). Because of the overlapping phenomenology, indi-
viduals with SEPD may be diagnosed with schizoid
personality, social phobia, and Asperger’s syndrome
(40), and consequently, may not be referred for fur-
ther neurodiagnostic evaluation. Neurological work-
up of several of the patients presented here revealed
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previously undiagnosed epileptiform aciivity. Treat-
ment with anticonvulsant medications resulted in sei-
zure control and, in some cases, in a corresponding
amelioration of neuropsychiatric symptoms (e.g.,
Study I, case 6: the initiation of phenobarbital was
associated with a marked improvement in mood, in-
creased eye contact, better prosody, and increased so-
cial interaction). The clinical manifestations of
seizures were identified only retrospectively (e.g.,
episodes of “‘sudden dread,” dissociation, and unpre-
cipitated crying, sadness, and confusion). This sug-
gests that patients with atypical or refractory psychiat-
ric disorders and histories consistent with SEPD
should undergo neurodiagnostic evaluations.

Several methodological features of our studies may
limit the applicability of the findings. The sample was
comprised of adolescents and adults with residua of a
developmental learning disability. Individuals with
SEPD who come to medical attention as infants and
children may differ with regard to the specific mani-
festations of the syndrome. In addition, diagnosis de-
pended, in part, on retrospective reports and clinical
judgments. In the majority of cases, however, con-
firming information from past medical records was
also available. Finally, the requirement of neurodiag-
nostic tests or neurological examinations may have
biased the current selection to be a more neurologi-
cally impaired group.

Our findings provide evidence from neurological
examinations, neurophysiological studies, and neuro-
imaging studies that the clinical syndrome of SEPD is
associated with cerebral dysfunction. This is consis-
tent with the hypothesis that SEPD arises from an
early acquired or genetic brain dysfunction that af-
fects the right cerebral hemisphere and results in its
failure to support the adequate development of the
cognitive, affective, and behavioral functions that it
subserves in the normal adult. We hypothesize that
right-hemisphere functions may be compromised on
the basis of direct injury to regions that subserve them
or on the basis of injuries elsewhere that result in a
relocation of other functions (e.g., language) to the
right hemisphere at the expense of functions it nor-
mally subserves. In this way, SEPD can be grouped
with other developmental processing disorders such
as dyslexia, which arises from brain abnormalities
that disproportionately affect left-hemisphere func-
tions (1) and comportmental learning disability,
which is associated with early damage to the frontal
lobes (33, 41).
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