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INTRODUCTION 
Phelan-McDermid syndrome (PMS), also called 22q13 
deletion syndrome, is characterized by global 
developmental delay, intellectual disability, speech and 
language abnormalities, autism spectrum disorder (ASD), 
hypotonia, and mild dysmorphic features.1,2,3,4,5 It is likely 
underdiagnosed due to lack of a specific clinical 
phenotype and insufficient genetic testing. While its true 
prevalence remains unknown, PMS  is among the more 
prevalent rare causes of ASD.6 The syndrome is the result 
of a chromosomal abnormality including terminal or 
interstitial deletion involving the long arm of 

chromosome 22 in the 22q13.3 region, unbalanced 
chromosome translocation, other structural 
chromosomal rearrangement, or loss of function 
mutations in SHANK3.7,8,9 There is mixed evidence for a 
relationship between deletion size and presence and 
severity of clinical features.4,7,8,10,11 A core of neurological 
and behavioral symptoms and signs characterize the 
syndrome, including hypotonia, speech and language 
abnormalities and ASD, and are related to loss of the 
SHANK3 gene.8,12,13,14,15,16,17 This gene encodes a 
scaffolding protein in the post synaptic density (PSD) of 
excitatory synapses, and plays an important role in the 
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development and maintenance of these synapses. It is 
strongly expressed in the cerebral cortex and cerebellum. 
Genetic manipulation of Shank3 in model systems leads 
to changes in the key components of glutamatergic 
synapses including glutamate receptors, dendritic spine 
density, and electrophysiological function.18,19,20,21,22 

 

To date, there have been a few large prospective studies 
reporting the results of standardized developmental 
testing in PMS4,23 but no prospective standardized 
neurological examinations. Our  knowledge of  the 
neurological phenotype in PMS is therefore mostly based 
on small studies or case reports 24,25,26,27  which do not 
include a full neurological examination, or on information 
obtained historically from caregivers, referring 
physicians, or questionnaires1,9,14  The most frequently 
described neurological abnormality is hypotonia, 
reported in 75-100% of individuals PMS, while other 
neurological abnormalities have only infrequently been 
reported.1,4,7,8,9,16,28,29  Seizures have been reported in 14-
70% of cases1,2,4,7,9,13,14,16,24-26, 28-30 and several studies 
have documented abnormal electroencephalograms 
(EEG).4,24,26,30 There are only a few imaging studies which 
describe a variety of structural brain changes.4,16,25,29,31,32 
 

The frequency and degree of reported neurological 
abnormalities are highly  variable. Given that the brain is 
the most affected organ in this syndrome, and that a 
neurological examination is an important tool used to 
study brain abnormalities - there is clearly a need for a 
systematic effort to study the neurological phenotype in 
PMS. In addition, a structured neurological examination 
can be used to compare cohorts of PMS individuals and 
to assess response to therapy. 
 

The purpose of our study is to characterize the 
neurological phenotype of PMS through a prospective,  
structured neurological examination that will record the 
type, frequency and severity of neurological 
abnormalities in a cohort of participants with PMS, and in 
addition, to review results of EEG and MRI testing in 
these participants.  
 

METHODS 

Participants 

Twenty nine children and adults, 16 males (55.2%) and 13 
females (44.8%), between the ages of 20 months and 45 
years (Mage= 8.7 years, SDage= 9.58 years) participated in 

this study. Twenty two (76%) were between the ages of 2
-18 years, and only 3 were adults. Participants were 
recruited as part of ongoing studies in PMS at the Seaver 
Autism Center for Research and Treatment at the Icahn 
School of Medicine at Mount Sinai. Caregivers provided 
informed consent and the study was approved by the 
Mount Sinai Program for the Protection of Human 
Subjects. A neurological interview and clinical 
examination were part of a comprehensive assessment 
protocol, which also included psychiatric, cognitive, 
behavioral, and autism-focused diagnostic testing. 
Nineteen of the  29 participants included in the study  
were previously described by Soorya et al. (2013).4    All 
participants had SHANK3 deletions or mutation 
confirmed by chromosomal microarray or sequencing 
respectively. A diagnosis of ASD was confirmed in 24 of 
the 29 participants (82.8%) according to clinical 
consensus based on psychiatric evaluation using the 
Diagnostic and Statistical Manual for Mental Disorders, 
Fifth Edition (DSM-5), the Autism Diagnostic Interview-
Revised (ADI-R) and the Autism Diagnostic Observation 
Schedule (ADOS-2).33,34,35  Data on cognitive functioning 
was obtained with the Mullen Scales of Early Learning.36 
Data on adaptive functioning was available using the 
Vineland Adaptive Behavior Scales.37 All participants had 
moderate to severe intellectual disability. 

Procedure 

An interview with parents and a uniform pediatric 
neurological examination were done by a pediatric 
neurologist (Y.F.) The interview included history of 
seizures, and presence of other medical problems or 
medications which may have affected the nervous 
system or the neurological examination. Medical records 
provided by families were used to supplement parent 
history.  
 

The neurological examination included the following 
domains: motor (muscle tone, strength, gait and fine 
motor coordination), visual motor coordination, speech 
and language, sensory, cranial nerves, and behavior 
(visual tracking, stereotypy, eye contact, hyperactivity, 
attention, impulsivity and aggressiveness). Abnormal 
features on most parts of the examination were graded 
as mildly, moderately and severely abnormal (see Table 
I). Other parts of the examination including sensory and 
cranial nerves examinations were graded as normal or 
abnormal. 
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  Grading System 
Exam Assessment Score 

    Normal Abnormal 

Motor     Mild Moderate Severe 

Muscle Tone Muscle resistance to 

passive movement of 

limbs against gravity 

Age appropriate Mildly increased/

decreased muscle 

passive resistance 

Moderately  

increase/decreased 

muscle passive 

resistance 

Severely  

increased/

decreased muscle 

passive resistance 

Muscle Strength Active resistance to  

pulling/pushing of 

limbs, and  

observation 

Fully resistant Partially resistant Did not resist to 

push/pull 
Cannot hold limbs 

against gravity. 

Deep Tendon 

Reflexes 
Reflex hammer  Present Absent 

  

Gait Observation of gait: 

hypotonic,  

hypertonic, ataxic 

Age appropriate Clinician  

assessment 
Clinician  

assessment 
Clinician  

assessment 

Fine Motor  

Coordination 
Manipulation of test 

blocks and raisins 
        

Interest in  

Objects 
Interest in reaching 

towards blocks and 

raisins 

Age appropriate Takes and  

manipulates 
Takes, but does 

not manipulate 
Has no interest in 

blocks and raisins 

Object  

Manipulation 
Ability to manipulate 

blocks and raisins 
Age appropriate Bangs blocks/

builds a tower 
Takes blocks with 

or without a pincer 

grasp 

Does not take or 

does not regard 

blocks 

            

Visual Motor 

Coordination 
Copies geometrical 

shapes 
Age appropriate Copies circle Scribbles No use of pencil 

Language           

Expressive Verbalizing and  

vocalizing 
Age appropriate Speaks in  

sentences or words 
 Vocalizes  No vocalizations 

Receptive Ability to follow  

instructions 
Age appropriate 

or follows 2-step 

instructions 

Follows 1--step 

instructions 
Sporadic responses 

to instructions 
Does not follow 

instructions 

Behavior           

Visual Tracking Tracking of a large red 

ball 
Persistent and 

full tracking 

180° 

Tracks, but non-

persistent 
Gaze fixed on ball 

but does not track. 
Does not look at 

the ball 

Stereotypy Frequency during the 

exam 
None Infrequent (1-2 

times) 
Moderate (4-5 

times) 
Very frequent (> 5 

times) 

Eye Contact Frequency during the 

exam 
Sustained Frequent but not 

sustained 
Intermittent Rare (1-2 times 

during the exam) 

or absent 

Table I: Neurological Exam in Phelan-McDermid Syndrome 
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1. Muscle tone, strength and deep tendon reflexes 
Muscle tone was assessed by moving the participant’s 
limbs against gravity. The grading of decreased muscle 
tone (hypotonia) or increased muscle tone (hypertonia) - 
mild, moderate, or severe - was made by the examiner 
based on clinical norms for decreased or increased 
passive resistance to movements, in consideration with 
the participant’s age.  
 

Muscle strength was assessed by evaluating a 
participant’s active resistance to the examiner’s pulling 
and pushing their arms and legs, and watching them get 
up from the floor and climbing on a chair. Muscle 
weakness was graded as mildly abnormal when a 
participant partially resisted arm pull or push, or needed 
to hold on to a person or an object to get up from the 
floor. It was graded as moderately abnormal when they 
could not resist the pull or push of a limb, and as 
severely abnormal when they could not hold their arms 
and legs against gravity. 
 

Deep tendon reflexes were graded as normal (elicited), 
or abnormal (not elicited). A flexor plantar reflex 
(obtained by scratching the bottom of the foot) was 
scored as normal and an extensor response was 
abnormal. 
 

2. Gait  
Gait was observed while the participant walked on a flat 
surface and while going up and down stairs. The degree 
of gait abnormality was graded, based on clinical 
experience, as mild, moderate and severe. Gait 
abnormalities can be the result of a number of 
neurological dysfunctions including hypertonia (e.g., 
circumduction, spastic diplegic gait, toe walking, foot 
deviation, knee flexion, or upper extremity posturing), 
hypotonia (e.g., reduced leg raising, waddling gait, foot 
drop), and ataxia (e.g., reduced balance, tendency to fall 
to one side, inability to walk on a narrow base). We, 
therefore, classified the abnormalities as hypertonic, 
hypotonic and ataxic. 
 

3. Fine motor coordination  
Fine motor coordination was assessed by presenting 
blocks and raisins to participants and demonstrating 
banging the blocks together, building a tower of blocks, 
and putting the raisins into a container. We graded the 
interest in reaching towards, taking and manipulating the 
test objects (interest in objects), and the actual ability to 
take and manipulate objects in an age appropriate 

manner (object manipulation) separately. Grading for 
interest in objects was: within normal limits (WNL) for 
age (normal), takes and manipulates (mildly abnormal), 
takes but does not manipulate (moderately abnormal), 
and no interest in the object (severely abnormal). 
Grading for object manipulation was: WNL for age 
(normal), can build a tower or bang blocks (mildly 
abnormal), takes the blocks using pincer grasp or 
incomplete pincer grasp (moderately abnormal) and 
does not regard or take the blocks (markedly abnormal). 
The grading of the fine motor coordination domains (as 
well as for some other domains including visual motor 
coordination and language) are relative to our group of 
individuals with PMS, and does not compare to grading 
of subjects with typical development. For instance, 
infants normally reach towards and grab a test block by 
four months of age, transfer blocks from one hand to the 
other by six months, have a pincer grasp by nine months, 
bang two blocks together by 12 months, and build a 
tower of two blocks by 20 months.38 Our participants, 
aged 20 months or older, should have all been able to at 
least reach and take the blocks using a pincer grasp, bang 
blocks together and build a tower of  two blocks or more. 
Grading their performance in comparison to subjects 
with typical development would classify most of them as 
“severely abnormal” and would not have demonstrated 
the inter-subject difference in the degree of abnormality 
(See Table I for methods of assessment and grading of 
abnormalities). 
 
4. Visual-motor coordination  
Visual motor coordination was assessed by participants’ 
ability to copy geometrical shapes including a line, circle, 
square and triangle39 and was graded as: WNL for age 
(normal), draws a circle or a line (mildly abnormal), 
scribbles (moderately abnormal), and no use of pencil 
(severely abnormal).  
 

5. Language  
Language was evaluated by observing the participants’ 
expressive language (verbalizing and vocalizing) and 
receptive language (ability to follow instructions). 
Expressive language was scored as WNL for age (normal), 
use of words or short sentences (mildly abnormal), 
having vocalizations only but no words (moderately 
abnormal), and having no vocalizations (markedly 
abnormal). Receptive language was scored as WNL for 
age or able to follow 2-step instructions (normal), able to 
follow 1-step instructions (mildly abnormal), only 
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sporadic response to instructions (moderately abnormal), 
and unable to follow instructions (markedly abnormal). 
 

6. Visual tracking 
 Visual tracking was assessed by moving a large red ball 
across the participant’s visual field (180 degrees), while 
holding their head fixed. A full, continuous, smooth, 
tracking was graded normal. An inability to persistently 
track full field was graded mildly abnormal. Looking at 
the ball but inability to track was graded moderately 
abnormal, while not being able to look at the ball was 
graded markedly abnormal. 
 

7. Stereotypic motor activity:  
Stereotypic activity was graded as normal when none 
was present during the examination, mildly abnormal- 
when observed only infrequently (1-2 times during an 
examination period of about 1 hour), moderately 
abnormal when observed  more frequently (4-5 times 
during the examination), and severely abnormal when 
observed very frequently (more than 5 times during the 
examination).  
 

8. Eye contact 
Eye contact grading was based on the frequency of the 
participant’s eye contact with the examiner, and was 
graded WNL when sustained, mildly abnormal when 
frequent but not sustained, moderately abnormal when 
occurring intermittently, and markedly abnormal when 
rare (occurring only 1-2 times or absent during the 
examination). 
 

9. Hyperactivity, inattention, impulsivity and aggression  
Participants’ activity level, attention span, impulse 
control and aggressiveness were observed during the 
examination, and graded based on comparison with 
typical subjects as WNL, mildly abnormal, moderately 
abnormal, and markedly abnormal. 
 

10. Sensory examination 
The participant’s response to touch and light pain (pin) 
applied to their extremities was graded as normal when 
response was obtained, and abnormal for no response. 
Other sensory modalities, including “cortical” sensory 
modalities (e.g., 2-point discrimination; graphesthesia; 
stereognosis), could not be examined due to the severity 
of cognitive and language impairment in our participants. 
 

 11. Cranial Nerves 
Cranial nerves II-XII examination included vision 
(behavioral response to a visual stimulus, a fundoscopic 

exam, and visual fields gross integrity), extra-ocular 
muscle movements, pupillary responses to light, facial 
movements, facial sensation, tongue movements and gag 
reflex. The results were graded as normal or abnormal.  
 

12. Head circumference 
Head circumference was measured (in cm) using a 
standard measuring tape. Age and gender percentages 
were obtained from the Nellhaus head circumference 
chart.40 Macrocephalus was determined when head 
circumference was greater than 2 standard deviations 
(SD) above the mean. Microcephalus was determined 
when head circumference was less than 2 SD below the 
mean.  
 

13. History of seizures: EEG and MRI reports 
History of past and present seizures, type of seizures 
(afebrile or febrile), and the state of seizure control, were 
obtained from parents and medical records. EEG reports 
were available for 13 of the 29 participants (44.8%). 
Seven were routine EEG tests and six were prolonged (24 
hours or longer) video-EEG monitoring. EEG reports were 
reviewed for background activity (normal or abnormal for 
age), and for the presence of epileptiform activity (focal 
or generalized). Magnetic resonance images and reports 
were available for 24 of our 29 participants (82.7%). 
Eighteen were obtained from other medical facilities and 
six were performed at our institution as part of a 
separate research protocol.  
 

DATA ANALYSIS 
SPSS 23 was used to analyze the data. Descriptive 
statistics were calculated for all variables identified 
through the neurological exam. Pearson correlation 
coefficients were calculated to examine the relationship 
between items on the neurological examination and 
standardized scores on the Mullen Scales of Early 
Learning and the Vineland Adaptive Behavior Scales.  
 

RESULTS  
Parent interview: 
Thirteen participants (44.8%) had a history of feeding 
problems in early infancy, and nine others (31.0%) were 
described as hypotonic. Those problems did not cause 
significant disability (e.g., hospitalization). Abnormal 
attention span was reported by the majority of parents 
(93.1%). Hyperactivity was reported by 44.8%, sleep 
problems were reported in 51.7% of the participants, and 
were frequent or occurred every night in about 38%. 
Only 6 participants (20.7%) were taking medications 
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targeting behavior. Stereotypic activity was reported in 
81% of the participants. None of the participants had 
medical or neurological conditions that could impact the 

interpretation of the neurological exam.  Results are 
summarized in Table II. 

  Total  

Abnormal

(%) 

                 Severity of Abnormalities 
     Mild (%)      Moderate (%)    Severe (%) 

Motor         

Hypotonia 100.0 55.2 34.5  10.3 

Strength 10.3 10.3 0.0  0.0  

Gait *         

Hypertonic 72.4 37.9 34.5 0.0  

Hypotonic 75.9 20.7 55.2 0.0  

Ataxic 31.0 13.8 17.2       0.0  

All* 100.0 24.1 58.6 0.0  

Fine Motor Coordination         

Interest in Objects 100.0 41.3 34.5 24.2 

Object Manipulation 100.0 31.0 44.9 24.1 

Visual-Motor Coordination 100.0 6.9 20.7 72.4 

Language         

Expressive 100.0 17.2 69.0 13.8 

Receptive 100.0 13.8 27.6 58.6 

Behavior         

Visual Tracking 86.2 75.9 6.9 3.4 

Stereotypy 68.9 27.6 37.9 3.4 

Eye Contact 89.6 10.3 48.3 31.0 

Hyperactivity 44.8 10.3 24.1 10.3 

Attention 96.4 10.3 24.1 62.0 

Impulse Control 51.7 20.7 13.8 17.2 

Aggression 17.2 6.9 3.4 6.9 

Table II: Neurologic Findings in Phelan-McDermid Syndrome 

* 5 participants (17.3%) did not walk at the time of the examination.  
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Neurological Exam (summarized in Table II): 

1. Muscle tone, strength, and deep tendon reflexes 
Hypotonia was present in all participants on neurological 
exam. It was mildly abnormal in 16 (55.2%) moderately 
abnormal in 10 (34.5%) and severely abnormal in 3 
(10.3%). Although two of the participants had mildly 
increased ankle dorsiflexion tone and two others had 
intermittent “cortical thumbs” posturing, none had 
generalized hypertonia. Strength was grossly normal in 
26 participants (89.7%) and mildly abnormal in three 
(10.3%). Deep tendon reflexes in the upper extremities 
were elicited in 79.3% of the participants, and in the 
lower extremities - in 86.2%. Non-sustained clonus was 
present in two participants (6.9%). An extensor plantar 
reflex was present in two participants (6.9%). 
  

2. Gait 
Five participants (17.3%) could not walk independently at 
the time of the examination. Of those, one was an adult 
with a history of gradually deteriorating gait after an 
accident, and the other four were young children, ages 
20-24 months, with delayed development. All others 
(24/29) had an abnormal gait (mildly abnormal in seven 
(24.1%) and moderately abnormal in 17 (58.6%). 
Hypotonic gait abnormalities were found in 22 
participants (75.9%), hypertonic gait abnormalities in 21 
participants (72.4%), and ataxic - in nine participants 
(31.0%). Most participants had gait abnormalities 
reflecting more than one neurological difficulty (e.g. the 
same participant could have posturing of upper 
extremities (a hypertonic abnormality), and waddling gait 
(a hypotonic abnormality)). 
 

3. Fine motor coordination 
None of the participants had normal interest in objects. 
Twelve of 29 participants (41.3%) showed interest in 
taking and manipulating the test blocks (mildly 
abnormal), and 10 (34.5%) took the blocks without 
manipulating them (moderately abnormal). Four (13.8%) 
looked at but did not take the blocks, and three (10.4%) 
did not look at the blocks - together 24.2% - (severely 
abnormal). Similarly, none of the participants had a 
normal object manipulation. Three participants (10.3%) 
could build a tower of at least two blocks and six 
participants (20.7%) could bang two blocks together. 
These 9 participants (31.0%) were graded mildly 
abnormal. Ten (34.5%) took the blocks using a pincer 
grasp, but could not bang blocks and three (10.4%) took 
the blocks but did not have a pincer grasp. These 13 
participants (44.8%) were scored as “moderately 

abnormal”. The remaining 7 participants (24.1%) who 
either did not regard or did not take the blocks were 
graded as severely abnormal.  
 

4. Visual-motor coordination 
None of the participants demonstrated age appropriate 
visual-motor coordination. One participant, age 14, could 
draw a circle and one, age 4:10, was able to copy a line. 
These two participants (6.9%) were graded mildly 
abnormal. Six participants (20.7%) could scribble 
(moderately abnormal), and 21 (72.4%) did not have any 
use of a pencil (markedly abnormal).  
 

5. Language 
None of the participants had normal language for age, 
and the majority had  markedly abnormal language. Two 
participants (6.9%) - a nine year old boy and a 4:10-girl 
spoke in short sentences, and three participants (10.3%) 
spoke in single words. Together these participants 
(17.2%) were graded mildly abnormal. The majority of 
the participants (20/29; 69.0%) could vocalize, but did 
not use any words (moderately abnormal). Four 
participants (13.8%) did not vocalize (severely abnormal). 
Similarly, receptive language was markedly impaired in 
our participants: none were normal for age and none  
could follow a two-step instruction. Four participants 
(13.8%) could follow a one-step instruction (scored mildly 
abnormal) and eight participants (27.6%) had sporadic 
responses (moderately abnormal). The majority (17/29; 
58.6%) did not follow any instruction (severely 
abnormal).  
 

6. Visual tracking 
Twenty-five participants (86.2%) had abnormal visual 
tracking. Twenty two (75.9%) were graded mildly 
abnormal. Two participants (6.9%) were graded 
moderately abnormal, and one participant (3.4%) was 
graded severely abnormal.  
 

7. Stereotypic motor activity 
Stereotypic motor activity was observed in 20/29 
participants (68.9%). It was graded mildly abnormal in 
eight participants (27.6%), moderately abnormal in 11 
participants (37.9%), and severely abnormal in one 
participant (3.4%). 
 

8. Eye contact:  
Eye contact with the examiner was impaired in 26/29 
participants (89.6%). It was graded mildly abnormal in 
three participants (10.3%) moderately abnormal in 14 
(48.3%) and severely abnormal in nine (31.0%). 
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 9. Hyperactivity, inattention, impulsivity and 
aggressiveness:  
Most participants were not hyperactive during the 
examination. Activity level was normal (typical) in 16 
participants (55.2%), mildly abnormal (increased) in 
three (10.3%) moderately abnormal (increased) in seven 
(24.1%), and severely abnormal (increased) in three 
(10.3%). Attention span was deficient in most 
participants (96.4%). It was graded mildly abnormal in 
three (10.3%), moderately abnormal in seven (24.1%) 
and severely abnormal in 18 (62.0%). Impulse control 
was graded normal in 14/29 participants (48.3%) mildly 
abnormal in six (20.7%), moderately abnormal in four 
(13.8%) and severely abnormal in five (17.2%). 
Aggression was infrequent in our participants (5/29, 
17.2%). Most participants (24/29, 82.8%) did not 
demonstrate any aggression during the examination; two 
(6.9%) were graded mildly abnormal, one (3.4%) was 
graded moderately abnormal, and two (6.9%) were 
graded severely abnormal. 
 

10. Sensory examination 
All participants responded symmetrically to touch and 
pain stimuli.  
 

11. Cranial nerves examination 
Cranial nerves examination did not reveal abnormalities. 
There were no gross visual field defects. 
 

12. Head circumference 
Head circumference was normal for age in 22 
participants (75.9%). Six participants (20.7%) had a head 
circumference measurement at or above the 98th 
percentile. One participant had a head circumference in 
the 2nd percentile, and none had head circumference 
measuring below the 2nd percentile (microcephaly). 
 

13. History of seizures, review of EEG and MRI 
A history of seizures was reported in 13 of the 29 
participants (44.8%). Six of the 13 (46.1%) had seizures 
only with fever. Two participants (6.9%) had seizures in 
the past, but were free of seizures at the time of the 
examination and were not receiving anticonvulsant 
treatment. Five participants (17.2%) had an active 
seizure disorder at the time of the examination three 
(10.3%) were controlled with medications and two 
(6.9%) were not fully controlled. Nine of 13 EEGs (69.2%) 
were abnormal. Seven of the 9 (53.8%) demonstrated 
epileptiform abnormalities (focal or generalized) and 4/9 
(30.8%) had slow background. There were no reports of 
electroencephalographic seizures.  

Abnormalities were present in 15 of 24 MRIs (62.5%). 
Eleven of the MRIs had more than one abnormality, with 
a total of 32 reported structural changes. The most 
common were white matter abnormalities including 
periventricular leukomalacia, present in 8 scans and 
constituting 25% of the total number of abnormalities. 
Large ventricles were found in 6 cases, constituting 
18.75% of abnormalities found, and arachnoid cysts in 5 
cases, constituting 15.6% of the total number of 
abnormalities. Other less common changes were atrophy 
and abnormalities of cortical grey matter, cerebellum, 
and  corpus callosum.  Subdural hematomas were found 
in 2 cases one reportedly occurred after an endoscopic 
fenestration of an enlarging middle cranial fossa 
arachnoid cyst, and the other was incidentally found on 
an MRI taken at age two because of developmental 
delay.                                                                                   
 

Correlational Analyses with Measures of Cognitive and 
Adaptive Functioning  
 

Items on the neurological examination were correlated 
with raw scores on the Vineland Adaptive Behavior 
Scales, Second Edition, and the Mullen Scales of Early 
Learning. 36, 41 
 

On the motor examination, Hypotonia was moderately 
correlated with Gross Motor (r=.59, p=.001) and Fine 
Motor (r=-.44, p=.018) scores on the Vineland-II and 
Mullen Fine Motor scores (r=.43, p=.033). Gait was 
strongly correlated with Vineland-II Gross Motor scores 
(r=-.811, p<.001) and moderately correlated with 
Vineland-II Fine Motor scores (r=-.56, p=.002) and Mullen 
Fine Motor scores (r=.43, p=.034). The neurological 
expressive language exam was strongly correlated with 
Vineland-II Expressive Language Scores (r=-.77, p<.001) 
and moderately correlated with both Mullen Expressive 
Language (r=-.58, p=.002) and Receptive Language scores 
(r=-.54, p=.005). The neurological receptive language 
exam was moderately correlated with Vineland-II 
Receptive (r=-.65, p<.001) and Expressive Language 
scores (r=-.58, p=.002) and the Mullen Receptive (r=.65, 
p<.001) and Expressive Language scores (r=-.58, p=.002). 
The Visual Reception scale on the Mullen, which 
measures visual discrimination and memory was also 
correlated with expressive (r=-.44, p=.028) and receptive 
language (r=-.67, p<.001) scores on the neurological 
exam. 
 

DISCUSSION 
Neurological abnormalities were very common in our 
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sample of participants with PMS. Almost all had 
abnormalities in the gross and fine motor, visual motor, 
and speech and language parts of the examination. There 
were no gross cranial nerve or sensory abnormalities. 
Neuroimaging and EEG abnormalities were common.  
 

Although some of the neurological abnormalities found in 
our study are similar to those described in the literature, 
our study is conceptually and methodically different in 
that it provides a full neurological examination for each 
participant and describes specific neurological 
abnormalities rather than developmental delays. The 
motor system examination, including muscle tone, gait, 
and fine motor coordination, was abnormal in all our 
participants. Hypotonia was present in all participants. 
Although commonly a component of a “lower motor 
neuron” syndrome, where pathology is located in the 
spinal cord, peripheral nerves or muscle, hypotonia can 
also be a sign of central nervous system abnormalities, 
and has been described in genetic conditions affecting the 
brain, including ASD.42 Based on our results and previous 
clinical reports of PMS, hypotonia can be considered a 
core neurological sign of this syndrome. Similarly, gait 
abnormality was also present in all our participants who 
could walk. We recognized different types of gait 
abnormalities, including hypotonic, hypertonic, and ataxic 
gait, suggesting that multiple brain systems are affected 
in PMS including the cerebellum, frontal cortex, and basal 
ganglia.43   
 

Other significant motor abnormalities identified in our 
sample were difficulties in reaching, grabbing and 
manipulating objects - “fine motor” activities which 
involve motor planning, motor coordination, and 
attention. These impairments were the result of a 
combination of factors including lack of interest in the 
task and an inability to plan and perform motor 
movements necessary to carry out such tasks. Our 
participants also performed very poorly on a visual-motor 
coordination task, which included both fine and visual 
perceptual components and required them to copy 
simple geometrical shapes.39 Over seventy percent of 
participants had no ability to use a pencil, a task all 
should have been able to accomplish, only two 
participants could copy a line or a circle. For reference, 
children can normally hold a pencil and scribble before 
age two, can copy a vertical line by age three, and copy a 
circle at age 3-4.38 Together, these findings suggest that 
visual perception (a sensory function), visual-motor 
connections, attention factors, motor planning and fine 

motor performance, controlled by multiple brain regions 
and connections, are impaired in PMS. 
 

Over 80 percent of our participants did not have any 
spoken language. Receptive language was similarly 
impaired in all participants, with the majority (86.2%) 
unable to consistently follow a one-step simple 
command. These findings confirm previous reports of 
severe speech and language impairment in PMS.4,7,23  In 
contrast, participants with PMS in other studies9,26 varied 
in their language ability, ranging from those with no 
language to some with functional language and only 
minor articulation difficulties. This variability in the 
severity of speech and language impairment, as well as 
variability in other cognitive and neurologic deficits in 
PMS, remains to be clarified. 
  

The sensory examination (the response to touch and mild 
pain stimuli) did not detect abnormalities, suggesting that 
the peripheral nerves and spinal cord are not grossly 
abnormal. A more detailed sensory examination that 
includes the modalities of position, vibration, 
graphesthesia, stereognosis, 2-point discrimination, and 
subjective appreciation of various sensory stimuli, could 
not be done because of the cognitive and language 
limitations of the participants. PMS subjects are reported 
to have reduced response to temperature and other 
sensory sensitivities.3,44 Those sensory differences cannot 
be identified by the neurological examination alone, and 
require other neurological and observational tests.  
 

A large head circumference (OFC ≥ 98th percentile) was 
found in ~ 20% of our sample. None of our participants 
had a head circumference below the 2nd percentile 
(microcephaly). These findings are consistent with one 
study reporting macrocephaly in 18% of a group of PMS 
subjects. However, that study also reported microcephaly 
in 11% of their sample10  – an abnormality not observed 
in our study. Large head circumference has been reported 
in idiopathic ASD and may be related to an increased rate 
of head growth during a period in infancy or early 
childhood,45 although it is not known whether this is the 
same pathophysiology of large head circumference in 
some PMS subjects. 
1 

Our study confirms a high prevalence of seizures and EEG 
abnormalities in PMS. Approximately forty-five percent of 
our participants were reported to have seizures, and 
almost 70% of the EEG results were abnormal. Seizures 
were febrile or afebrile, generalized or focal, and were 
usually not intractable. It is difficult to assess the 
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prevalence of a seizure disorder in PMS because most of 
the case studies are small and the source of data is 
variable. To our knowledge, there have not been 
prospective studies which include seizure evaluation and 
EEG testing. Although Figura et al. (2014)24 reported an 
“atypical EEG pattern, characterized by multifocal 
paroxysmal abnormalities, prevalent over the frontal– 
central or frontal–temporal regions, with sleep 
activation”, most reports, including ours, have not 
observed a particular type of seizures or EEG pattern. 
Seizure disorders and EEG abnormalities are, in general,  
common in ASD,46 and are also common in certain 
genetic syndromes with documented synaptic pathology, 
such as Rett syndrome and Tuberous Sclerosis. 47 SHANK3 
deficiency with its synaptic pathology and resultant 
dysregulation in glutamatergic circuits may therefore 
increase vulnerability to seizures.21 Although, most 
Shank3 heterozygous mice do not show seizures or EEG 
abnormalities,20 the increased risk of seizures or EEG 
abnormalities in PMS is thought to be related to SHANK3 
deficiency. 

MRI abnormalities were found in the majority of those 
participants for whom MRI data was available, and were 
diverse, including white matter (periventricular, corpus 
callosum), grey matter and cerebellar abnormalities, and 
arachnoid cysts. Philippe et al (2008)26 reported brain MRI 
abnormalities in 5 of 8 children with SHANK3 deletions, 
including a thin or atypical corpus callosum, white matter 
hyperintensities, arachnoid cysts, ventricular dilatation 
and bilateral periventricular nodular heterotopias. Figura 
et al. (2014)24 reported, similarly, a variety of brain MRI 
abnormalities in 22q13.3 deletion subjects, including 
reduced myelination, agenesis or thinning of the corpus 
callosum, ventricular dilatation, and cortical atrophy. 
Neuroimaging abnormalities reported by Aldinger et al 
(2013)31 in 10 subjects with PMS included corpus 
callosum thinning (9/10), abnormally thin white matter 
(7/10) and enlarged ventricles (8/10). Vermian hypoplasia 
and/or mega cisterna magna (MCM) were found in 8/10 
participants. The authors raised the question of whether 
posterior fossa/cerebellar abnormalities are a structural 
brain signature of PMS. Hypoplasia of the cerebellar 
vermis with enlarged cisterna magna was also found in 
two adult brothers with PMS, intellectual disability and 
speech abnormalities.32 Other MRI reports of PMS, 
including ours, do not show a predominance of posterior 
fossa/cerebellar abnormalities.16,24,26,29 

We found that the neurological examination correlated 
with performance on measures of cognitive and adaptive 

functioning. The neurological exam motor scores were 
correlated with motor performance on the Mullen and 
Vineland-II and not with language scores. Language 
scores given during the neurological examination were 
correlated with expressive and receptive language scores 
on the Mullen and Vineland-II and not with motor scores. 
The fact that items on our neurological examination 
correlated with performance on standardized measures 
supports the use of the neurological examination as a 
tool for assessing brain function in patients with PMS. The 
Mullen is a valuable quantitative developmental 
assessment, administered by specially trained clinicians, 
while the neurological examination is a “bedside” tool 
that can be used by pediatricians and pediatric 
neurologists who may have earlier contact with PMS 
children. 
 

There are a number of limitations to our study. Validated 
age appropriate quantitative measures for many items on 
the neurological examination are not readily available, 
especially for populations of severely affected individuals. 
The fact that the same structured examination of all 
participants was performed by the same clinically 
experienced pediatric neurologist increases the validity of 
our grading and partially mitigated this difficulty.  
 

Another limitation was the fact that part of our EEG and 
MRI data was obtained through clinical reports from 
other institutions. For this reason, we restricted our 
investigation to general types of EEG and MRI 
abnormalities, reported in standard fashion in clinical 
reports. 

 

Last, full understanding of the neurological phenotype of 
PMS requires knowledge of the natural history and 
evolvement of the neurological abnormalities. As most of 
our participants were children, this knowledge will 
accumulate through results from an ongoing longitudinal 
study.  
 

In conclusion, our findings confirm that neurological 
abnormalities are very common and a core component of 
the PMS phenotype. A neurological examination is 
therefore an important tool which can be used to identify 
elements of the clinical phenotype of PMS and  quantify 
the neurological deficits. Future studies should also 
examine potential genotype/phenotype correlations and 
whether the neurological examination may be used as an 
outcome measure of change in response to treatment. 
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