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Phelan–McDermid syndrome (PMS) is a rare genetic con-
dition caused by a haploinsufficiency of the SHANK3 gene 
either due to a microdeletion or a 22q13.3 terminal end mu-
tation.1, 2 The deletion within this critical region causing 
the syndrome mostly consists of non-recurrent breakpoints 
and can extend up to 9 Mb.3 The core clinical phenotype of 
PMS consists of hypotonia, global developmental delay with 
severe-to-profound cognitive impairment, autism spectrum 
disorder features, speech delay, motor dysfunction, and 
epileptic seizures.4, 5 Typical facial features associated with 
PMS include long thick eyelashes, pointed chin, and bulbous 
nose.5 However, the clinical presentation is highly variable 

with often subtle facial dysmorphic features in early child-
hood and initially mild global developmental delay across 
several domains, making its initial diagnosis challenging. 
Affected individuals show variable neuropsychiatric mani-
festations such as attention-deficit/hyperactivity disorder, 
autism spectrum disorder, challenging behaviour (aggres-
sion), and pica.6, 7

SH3 and multiple ankyrin repeat domains protein 3 
(SHANK3) belongs to a family of postsynaptic proteins that 
include SHANK1, SHANK2, and SHANK3 that have been 
implicated in many different disorders. Throughout the lit-
erature, the SHANK3 gene is most strongly associated with 
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Abstract
Aim: To characterize the neurodevelopmental profile of patients with Phelan–
McDermid syndrome (PMS) and describe the nature and trajectory of regression.
Method: This was a retrospective, monocentric study examining the clinical and de-
velopmental data of 24 patients (average age = 25 years 6 months, range = 6–56 years, 
n = 13 males) with a confirmed 22q13.3 terminal deletion carried out at the Centre 
for Human Genetics, University Hospital Leuven. The neurodevelopmental profile 
of individuals with PMS was examined, combining both cross-sectional and longitu-
dinal data obtained by systematic review of digital medical records.
Results: Remarkable loss of skills was present in 19 individuals affecting both lan-
guage and motor skills. The first manifestations of neurodevelopmental regression 
occurred, on average, at the age of 7 years 6 months (range = 5–11 years). Language 
skills (active vocabulary) were primarily affected followed by, in order of loss, psy-
chosocial adaptability, fine motor skills, and walking ability. The course of regres-
sion was characterized by a distinctive four-stage pattern. The first stage often 
occurred around mid-childhood and was defined by a pronounced and abrupt de-
cline of language skills. This stage was generally followed by the second stage where a 
(prolonged) period of stagnation of regression was seen. The third stage was defined 
by acute neuropsychiatric decline (e.g. catatonia, hallucinations, psychosis). Acute 
events such as severe sickness, hormonal shifts, and psychosocial stress frequently 
preceded the fourth and final stage, which was characterized by severe neuromotor 
degeneration.
Interpretation: Neurodevelopmental regression should be considered as a key fea-
ture of PMS. We present a four-stage model of neurodevelopmental regression, en-
tailing language skills, fine and gross motor function, and psychosocial adaptation, 
which can be applied in future practice and research.
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autism spectrum disorder and intellectual disability.8 Less 
frequently, it has been associated with epilepsy, attention-
deficit/hyperactivity disorder, and bipolar disorder.9, 10 The 
main function of the SHANK3 gene consists of encoding 
a brain-specific scaffold protein in the postsynaptic den-
sities of excitatory glutamatergic synapses, connecting 
membrane-bound receptors to the actin cytoskeleton.11 In 
mice, mutations in the genes encoding the SHANK family 
of proteins often result in marked behavioural phenotypes. 
These include an increase in repetitive routines, altered so-
cial behaviour, and anxiety-like phenotypes, similar to the 
neurobehavioural phenotype of PMS.12

The reported regression across developmental domains 
and socio-communicative behaviour has not been well 
characterized and defined. Furthermore, there is limited 
knowledge of the occurrence of the neuropsychiatric man-
ifestations of PMS. We aimed to increase the understanding 
of the neurodevelopmental phenotype of patients with PMS 
with an emphasis on the nature, associated features, and tra-
jectory of regression.

M ETHOD

Case series

We conducted a monocentric, retrospective study consisting 
of 24 patients with a cytogenetically confirmed 22q13.3 dele-
tion. All patients were diagnosed and followed at the Centre 
for Human Genetics, University Hospital Leuven. Data were 
obtained from a digital medical record review, standard-
ized medical history questionnaires, and inpatient stays. 
Participants were excluded from the study if large parts of 
the data were missing across any of the examined domains: 
key developmental data (cognitive level, language, motor 
skills); epilepsy; and regression. Therefore, the original 
sample of 28 participants was reduced to 24 due to incom-
plete information. Patients with an additional benign copy 
number variant were not excluded from the study. The de-
mographical, genetic, medical, and developmental charac-
teristics of our selected cohort are shown in Table 1. Thirteen 
out of 24 participants were male. The mean age of partici-
pants was 25 years 6 months, ranging from 6 to 56 years. 
The study was approved by the Medical Ethics Committee 
of University Hospital Leuven (no. S-57252). Parents or legal 
guardians provided informed consent for participation and 
publication. Recruitment, assessment, and data handling 
were carried out in accordance with ethical guidelines for 
clinical research.

Measures

Parents and/or caregivers were interviewed to obtain data 
regarding the developmental course, former and present 
level of functioning, and medical and psychiatric history. 
Data from standardized questionnaires and semi-structured 

interviews evaluating adaptive functioning, autism spec-
trum disorder symptoms, and psychiatric manifestations in-
cluded measures developed for individuals with intellectual 
disabilities (Appendix  S1). Medical evaluations including 
psychiatric, neurological, psychological, and clinical genet-
ics examinations were performed by trained clinicians. We 
summarized the observed clinical signs of regression using 
a modified four-point ordinal scale to assess the ability to 
talk, the ability to walk, fine motor skills, and psychosocial 
adaptability. We incorporated previously defined milestones 
of the Southern California Ordinal Scales of Development 
(scoring). The Southern California Ordinal Scales of 
Development is a criterion-referenced test that assesses six 
domains of development and was designed as a framework 
for assessing children with disabilities.13 Regression was de-
fined as a loss of previously acquired skills lasting more than 
6 months.14 The collected data were analysed using SPSS v25 
(IBM Corp., Armonk, NY, USA). A linear mixed model was 
used for data analysis, with the score as the response vari-
able and age, type of task, and the interaction thereof in the 
explanatory model. Non-linear trends over time were mod-
elled by using cubic splines. Random effects were modelled 
to account for the clustered longitudinal data structure. 
This approach flexibly deals with attrition and estimates the 
mean evolution for the entire cohort of patients.

R E SU LTS

Early development

Based on the results of 24 patients, we examined the pres-
ence of global developmental delays in our cohort. In all 
children assessed, mild developmental delays were seen 
that affected their overall progress across several domains 
(available data for n = 22 out of 24) (Figure 1). At the age of 
13 months, most children began to sit up without assistance 
(median  =  12.5 months, SD  =  6.89, range  =  6–21 months). 
Walking with assistance was generally achieved around 

What this paper adds

•	 Neurodevelopmental regression is a key feature of 
Phelan–McDermid syndrome (PMS).

•	 Individuals with PMS show a distinctive pattern 
of neurodevelopmental regression with four dis-
tinguishable stages across the lifespan.

•	 The neuropsychiatric phenotype of 22q13.3 dele-
tion syndrome is marked by acute onset of symp-
toms during adolescence.

•	 Careful monitoring of symptom onset is crucial.
•	 Early diagnosis, multidisciplinary follow-up, and 

adequate, individualized pharmacotherapy are 
crucial in the treatment of PMS.
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23 months old (median = 19 months, SD = 10.31, range = 11–
48 months), although unstable gait and truncal ataxia were 
frequently noted. Early communication skills, prelinguis-
tic vocalizations, and the use of first words expressing 
basic needs were seen on average at the age of 28 months 
(median  =  30 months, SD  =  10.97, range  =  12–48 months). 
Altogether, these data suggest that the initial presentation of 
this phenotype is subtle, making its initial diagnosis chal-
lenging. However, it might be an interesting window of op-
portunity for intervention.

Developmental regression

To examine the level of functioning of our cohort, measures 
entailing fine motor skills, the ability to walk, the ability to 
talk, and psychosocial adaptable functioning were studied. 
Twenty-two individuals, who had regular follow-ups (maxi-
mum 1-year interval), were assessed by a multidisciplinary 
team consisting of a clinical geneticist, paediatric neurolo-
gist, and clinical educational psychologist. A remarkable 
pattern of neurodevelopmental regression was seen when as-
sessing the overall reduction of functioning across all areas 
(Figure 2 and Table 2).

Stages of regression in PMS

Stage I: early-onset language regression

The average age at which previously gained abilities began 
to deteriorate was 7 years 6 months, initiating the start of the 
first phase of regression. The onset of symptoms of neurode-
velopmental regression ranged from 3 to 11 years, with lan-
guage abilities being the most severely affected, followed by 
psychosocial adaptability. Parents noted that their children 
lost previously learned words and showed reduced interest 
in social interactions (Figure 3).

Stage II: plateau

The average age at which this plateau phase of developmen-
tal regression began varied. There were less exploratory and 
interactive behaviour and developmental plateauing. This 
phase of stagnation could last up to 10 years (Figure 3).

Stage III: neuropsychiatric decompensation

In our cohort, at the mean age of 20 years 2 months 
(range = 19–38 years), individuals presented with severe acute-
onset psychiatric symptoms; 7 out of 9 entering this phase 
were diagnosed with a neuropsychiatric disorder, 5 out of 9 
experienced hallucinations, and 4 out of 9 showed catatonic 
states consisting of staring spells, loss of social interaction, 
and small, rigid movements. Parents reported loss of (social) 

interaction and periods of agitated babbling. Most commonly, 
patients met the criteria of rapid cycling bipolar disorder (8 
out of 9). Another feature of this stage were recurrent episodes 
of high fever with high susceptibility to recurrent infections 
and need for frequent hospitalization (Figure 3).

Stage IV: late neuromotor deterioration

This quickly follows stage III. This decline is usually pre-
ceded by an acute trigger or event (6 out of 7). Table 3 shows 
the associated events linked to late neuromotor degeneration. 
After these occurrences, the level of functioning dropped 
dramatically across all domains and was rarely regained. 
The loss of gross motor abilities was striking in some cases, 
resulting in the inability to walk and the eventual need of a 
wheelchair. These findings suggest that functional impair-
ment might be mediated by this history of events (Figure 3).

Post-regression outcome

To assess the impact and severity of developmental regres-
sion across the lifespan, a longitudinal linear mixed analysis 
was carried out, taking into consideration attrition, follow-
ing the evolution of our examined cohort. We found that 
language skills were one of the most affected domains. A 
drastic decline in linguistic abilities was seen. The highest 
achieved mean score before regression occurred was 1.42 
(95% confidence interval [CI] = 1.19–1.66), which was clas-
sified by our scoring system (Appendix S2) as the ability to 
say a few words versus a post-regressional score of 0.13 (95% 
CI  =  0–1.80) where a loss of active language use was seen. 
Patients solely used expressive language using sounds and 
vocalizations to indicate their needs. Psychosocial adapt-
ability was the second most heavily affected domain ranging 
from a pre-regressional score of 2.01 (95% CI = 2.25–2.48), 
where individuals displayed challenging behaviour, to a post-
regressional score of 0.66 (95% CI = 0.66–0.89), when they 
expressed an increase of erratic, rapid cycling mood swings.

Pre-regression, the maximum score of gross motor 
function, walking, was scored at 2.55 (95% CI = 2.31–2.78). 
Individuals were able to take a few steps without assistance 
compared to a post-regression outcome score of 0.69 (95% 
CI = 0–2.4), which was equal to taking a few steps with heavy 
supporting aids. Fine motor skills declined from 1.85 (95% 
CI = 1.65–2.05), that is, being able to grasp large objects with 
good visual motor integration, to a post-regression score of 
1.27 (95% CI = 0–3.11), that is, being able to grasp large ob-
jects with very unstable visual motor integration skills.

DISCUSSION

In this study, we found a high prevalence of loss of skills in 
19 of 24 examined participants with PMS with a distinct 
and recognizable pattern of neurodevelopmental regression 
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6  |      DILLE et al.

across the lifespan, consisting of similar trajectories in four 
stages. Each stage was marked by a distinct loss of previously 
acquired skills across several domains, except during the 
second stage of the stagnation phase. To our knowledge, this 
is the first study to delineate and systematically describe the 
different stages of regression and their associated symptoms 
in PMS. During the first years of life, most of the studied 
cases in our group showed signs of global developmental 
delay. Excessive crying, unusual fussiness, unresponsiveness 
to environmental stimuli, lack of attention to voice, overt 
sensitiveness to touch, and visual scrutiny at 8 to 9 months 
were previously described by Philippe et al.15 as early symp-
toms of PMS, which may be prodromal for the decline during 
stage I. This raises the interesting question whether regres-
sion is a slow process initiated during early childhood or an 

expression of maladaptation after critical events. The role of 
SHANK3 in the successive stages of brain development and 
how it influences our genomic landscape has yet to be de-
fined. Yoo et al.16 described that the conditional termination 
of the 1416 protein induced a reduction in excitatory synap-
tic inputs to the dorsal striatal neurons of Shank3Δ14–16 mu-
tant mice. The studied mice expressed strong abnormalities 
in social, repetitive, locomotor, and anxiety-like behaviours. 
Durand et al.17 highlighted that mutations in the SHANK3 
gene result in increased axon length in the early stages of 
neuronal development caused by a dendritic spine dysmor-
phology via an actin-dependent mechanism. Taken together, 
these features indicate that PMS is a complex disorder that 
arises from an imbalance of excitation and inhibition and a 
failure of the brain circuitry to develop into a mature state. 
Recent studies examining the upregulation of SHANK3 
messenger RNA content, using different compounds, show 
promising results.18, 19 However, the time of the intervention 
might be crucial in its application. In our PMS cohort, all in-
dividuals started to show subtle signs of global developmen-
tal delays in reaching the first major milestones: individuals 
were able to sit alone around 13 months, walk with assistance 
around 23 months, and some individuals were able to pro-
duce a few words around the age of 28 months. Most com-
monly, individuals expressed their needs by vocalizations, 
eye contact, and pointing at objects.20 Interestingly, previ-
ously acquired communication and language skills were 
among the first skills to be rapidly lost and were the most 
heavily affected during the first stage of regression (stage I) 

F I G U R E  2   Detailed analysis of raw medical record data before and after regression. Four stages of regression in Phelan–McDermid syndrome across 
the lifespan were defined, based on the onset of symptoms of regression.

F I G U R E  1   Box plot for an n = 24 sample, showing the median age 
at which early developmental milestones were reached, approximating a 
95% confidence interval.

 14698749, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/dm

cn.15482 by K
u L

euven, W
iley O

nline L
ibrary on [20/12/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



      |  7
NEURODEVELOPMENTAL PROFILE AND STAGES OF REGRESSION IN PHELAN–MCDERMID 
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occurring in mid-childhood around the age of 7 years. These 
findings are in accordance with the previously reported loss 
of communication/language skills and loss of hand skills by 
Reierson et al.21 After the initial phase, a period of stagna-
tion occurs, on average around the age of 8 years, and can 
last up to 10 years.14, 22 The second stage is abruptly followed 
by acute neuropsychiatric decompensation where a sudden 
change in functioning can be seen with loss of eye contact 
and periods of agitated babbling. PMS has previously been 
associated with high frequencies of severe cognitive impair-
ments, autistic-like traits, and psychiatric symptoms.23, 24 
In accordance with previous studies,25, 26 we found that in-
dividuals with PMS display a high risk for developing psy-
chiatric disorders from (late) adolescence onwards. The 
severe acute onset of neuropsychiatric decompensation is 
associated with the development of catatonic states and late 
neuromotor decompensation. These findings emphasize the 
need for knowledge of the natural history of individuals with 
PMS and the importance of systematic follow-up, targeted 
intervention, and treatment. In our study, the phase of late 
motor deterioration (stage III) was preceded by an acute 
event after which catatonic states characterized by very lim-
ited social interaction, rigidity, and staring spells occurred. 
Two recent studies described the use of lithium as a rescue 
treatment that might incite an observable improvement of 
general functioning, including stabilization of mood and af-
fect and reversing catatonic states.27, 28 However, larger stud-
ies are needed and careful selection of psychotropic drugs 

and multidisciplinary follow-up are advised.7 The fourth 
and final stage of neurodevelopmental regression in PMS 
is marked by an overall decline in all domains of function-
ing. Individuals who were able to walk now needed to use 
a wheelchair and showed signs of social withdrawal with 
episodes of unrest and agitation. Feeding difficulties arose 
and parkinsonian features such as (pseudo)bulbar palsy and 
rigidity were observed. Interestingly, most of the individuals 
in this study showed similar trajectories of regression. After 
extensive examination and analysis of the data, a conceptual 
model of neurodevelopmental regression consisting of four 
stages was defined, which can be used as a tool in future 
studies and for follow-up in clinical practice.

Future considerations

It is important to be aware of the pattern of regression 
in PMS. Importantly, we propose a conceptual model 

T A B L E  3   Late neuromotor deterioration (stage IV)

Age at neuromotor deterioration, 
years Associated event Characteristics

36 Acute-onset psychosis Catatonic state, rigidity, Charlie Chaplin-like 
gait

31 Epileptic seizure (tonic–clonic) Apathy and no eye contact

28 Hysterectomy after which septic shock Bulbar palsy, unable to swallow

27 Neuroleptic malignant insult Dystonic asymmetrical posturing (shortened 
Achilles tendons)

27 Fever of unknown origin and hypotension Apathy

20 Neuroleptic malignant insult Incontinence – rigidity of limbs

19 Anorexia and rapid decline Bulbar palsy, unable to swallow

18 Epileptic seizure preceded by episodes of catatonia Dystonic posturing – excessive salivation

F I G U R E  3   Estimated curves using extrapolation and correlation 
of longitudinal measurements on the same patients based on early 
observations towards later ages for patients with missing data due to 
attrition. The present statistical approach uses such extrapolations so that 
the estimated curves are valid for the entire cohort of patients. Hence, the 
mean scores estimated at later ages are the expected means for the whole 
cohort.

T A B L E  2   Onset of stages of regression across the lifespan

Stage I Stage II
Stage 
III

Stage 
IV

Data available for cases 
(n)

19 16 14 8

Average age, 
years:months

7:7 Plateau 20:4 26:10

Range, years 6–11 – 16–26 19–36

SD, years:months 2:4 – 3:10 5:7

Median, years:months 7 – 19 27:6

Abbreviation: NA, not applicable.
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8  |      DILLE et al.

consisting of four stages of neurodevelopmental regression 
that can be used as a framework to examine this syndrome. 
More longitudinal and multicentre studies on the natural 
history and phenomenology of regression in 22q13.3 de-
letion syndrome are needed to confirm our findings and 
establish the viability of the proposed model in clinical 
practice. Furthermore, characterizing the developmental 
phenotype and psychopathology in individuals affected 
by a SHANK3 mutation may lead to a better understand-
ing of the underlying genetic and pathological mechanism 
in PMS and may be crucial as a framework for emerging 
treatments and time of intervention. Finally, longitudinal 
follow-up of individuals with PMS by a multidisciplinary 
team is needed to gain more insight in their developmental 
trajectories regarding communication and language, cog-
nition, behaviour, and (neuro)motor function, and their 
changing needs over time, with the aim of adapted and 
targeted holistic care.

Strengths and limitations

We collected extensive data from digital medical records that 
enabled us to delineate the four stages of regression in pa-
tients with PMS. A multi-informant approach was used and 
longitudinal data were available for a large number of this 
sample. However, since this was a retrospective study, as-
certainment bias is possible. More severely affected patients 
with PMS might be followed up at tertiary centres of refer-
ral such as the Centre for Human Genetics of the University 
Hospital Leuven. Finally, clinical evaluations were made by 
different physicians and a uniform standardized protocol 
used with all patients was lacking. Therefore, our proposed 
model of the stages of regression should be replicated prefer-
ably in a prospective, longitudinal setting using a uniform 
and standardized protocol in these patients.

C onclusion

The findings of the current study support the previously de-
scribed regression of the neurodevelopmental phenotype in 
PMS. A conceptual model of four stages of neurodevelop-
mental regression over time was defined. More longitudinal 
and multicentre studies on the natural history and phenom-
enology of regression in PMS are needed to confirm our 
findings and establish the viability of the proposed model in 
clinical practice. The use of both cell and animal models will 
help researchers better grasp the mechanisms that underpin 
this genotype–phenotype relationship.
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