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Abstract 

Aromatic l‑amino acid decarboxylase (AADC) deficiency is a rare genetic disorder of monoamine neurotransmitter 
synthesis that presents with a range of symptoms, including motor dysfunction and limited attainment of develop‑
mental motor milestones. The approval of eladocagene exuparvovec, a gene therapy for AADC deficiency with dem‑
onstrated efficacy for motor improvements, now expands the range of motor outcomes possible for patients with this 
disorder. However, recommendations and guidelines for therapy following treatment with gene therapy are lacking. 
To ensure patients can reach their full potential following treatment with gene therapy, it is essential they receive 
rehabilitation therapies designed specifically with their impairments and goals in mind. Therefore, we highlight spe‑
cific rehabilitative needs of patients following gene therapy and propose a set of recommendations for the post‑treat‑
ment period based on collective experiences of therapists, physicians, and caregivers treating and caring for patients 
with AADC deficiency who have been treated with gene therapy. These recommendations include a focus on periods 
of intensive therapy, facilitating active movements, training for functional abilities, cognitive and communication 
training, parent/caregiver empowerment, collaboration between therapists and caregivers to develop in‑home pro‑
grams, and the incorporation of supplemental forms of therapy that patients and their families may find more enjoy‑
able and engaging. Many of these rehabilitative strategies may be employed prior to gene therapy. However, these 
recommendations will be valuable for therapists, caregivers, and wider treatment teams as they prepare for the post‑
treatment journey with these patients. Furthermore, the considerations and recommendations presented here may 
prove beneficial outside the AADC deficiency community as gene therapies and other treatments are developed 
and approved for other rare diseases.
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Background
Aromatic l-amino acid decarboxylase (AADC) defi-
ciency is a rare genetic disorder of neurotransmitter bio-
synthesis resulting from pathogenic variants in the dopa 
decarboxylase gene (OMIM #608,643) [1] encoding the 
AADC enzyme [2] (EC 4.1.1.28) [3, 4]. As AADC con-
verts l-3,4-dihydroxyphenylalanine (l-DOPA) to dopa-
mine, and 5-hydroxytryptophan (5-HTP) to serotonin, 
a deficiency of the enzyme results in severe deficits of 
dopamine, serotonin, norepinephrine, and epinephrine 
[3, 4]. A deficiency of these neurotransmitters results 
in a wide spectrum of symptoms, including, but not 
limited to, motor dysfunction and motor arrest, cogni-
tive impairments, dystonia, oculogyric crises, failure to 
thrive, seizures, and autonomic dysfunction [3–6]. Symp-
tom severity can vary, but literature reviews and surveys 
of patients with AADC deficiency have found that most 
known cases show profound motor impairments with no 
or very limited gross and fine motor milestone develop-
ment [4, 7]. These milestones typically develop sequen-
tially, and the delayed development of earlier milestones 
has major consequences for patients with AADC defi-
ciency. Patients may also experience sequelae arising 
from hypotonia and akinesia, including feeding difficul-
ties, gastrointestinal reflux, aspiration pneumonias, joint 
contractures, scoliosis, and hip dysplasia [4, 5, 7, 8]. Diag-
nosis of AADC deficiency can be difficult, as patients 
may present with developmental delay or may be mis-
takenly diagnosed with epilepsy/seizures which is often 
more likely in these individuals to be oculogyric crisis or 
other movement disorders [4, 9].

In July 2022, the European Commission approved the 
first gene therapy for the treatment of AADC deficiency, 
eladocagene exuparvovec, in the European Union mem-
ber states and Iceland, Liechtenstein, Northern Ireland, 
and Norway [10]. Authorization in the United Kingdom 
by the Medicines and Healthcare Products Regulatory 
Agency followed in November 2022 [11].

Eladocagene exuparvovec consists of a recombinant 
adeno-associated viral vector serotype 2 (AAV2) con-
taining the complementary DNA encoding the healthy 
human AADC enzyme that is infused directly into the 
putamen via stereotactic neurosurgical delivery. Once 
delivered to the putamen, eladocagene exuparvovec 
drives the expression of the AADC enzyme, restoring the 
enzymatic pathway and production of dopamine [12].

Three clinical trials examined efficacy and safety of 
eladocagene exuparvovec in patients with AADC defi-
ciency, with data published for 26 patients with at least 
12  months of follow-up. Before treatment, all patients 
lacked any developmental milestones, including age-
appropriate head control. All patients treated with ela-
docagene exuparvovec showed significant increases on 

both the Peabody Developmental Motor Scales–2nd Edi-
tion (PDMS-2) and Alberta Infant Motor Scale (AIMS) 
at 1, 2, and 5 years post-treatment compared to baseline. 
Gross and fine motor improvements were observed as 
early as 3  months following gene therapy. Additionally, 
3 patients gained the ability to walk without assistance 
within 3  years after treatment. Among 5 patients with 
longer-term follow-up (6–10  years after treatment), 
PDMS-2 and AIMS scores remained markedly elevated 
compared to baseline. Patients also showed improved 
cognitive and language ability, as measured by the Com-
prehensive Developmental Inventory for Infants and 
Toddlers and the Bayley Scales of Infant and Toddler 
Development–3rd Edition (Bayley-III). Gene therapy was 
well tolerated; the most common treatment-emergent 
adverse events were fever and mild to moderate dys-
kinesia, which resolved within a few months following 
gene therapy [13]. Together, these results demonstrate 
the expanded opportunity for motor improvements fol-
lowing gene therapy. Further improvements may also be 
observed from post-treatment data collected via a long-
term patient registry [12].

The importance of rehabilitation therapy, particu-
larly physical therapy, in management and treatment of 
patients with AADC deficiency has been acknowledged 
[4, 14], especially given the motor impairments and 
severe delay in developmental motor milestones com-
mon in the disorder [4, 7]. However, gene therapy for 
treatment of AADC deficiency was only recently author-
ized for use, and existing consensus guidelines for diag-
nosis and treatment of AADC deficiency do not provide 
clear recommendations for type, frequency, or duration 
of rehabilitation therapies following gene therapy [4]. 
Now that a gene therapy with demonstrated efficacy for 
AADC deficiency has been approved, there is an urgent 
need for development of post-treatment therapy guide-
lines to maximize improvements of motor function fol-
lowing gene therapy.

This article highlights specific rehabilitative needs of 
patients following gene therapy and proposes a frame-
work based on experiences of therapists, physicians, 
and parents/caregivers involved in treating and caring 
for patients with AADC deficiency following gene ther-
apy. Recent approval of eladocagene exuparvovec and 
the  rarity of AADC deficiency have limited any formal 
investigations into the effectiveness of various therapy 
approaches. Therefore, these recommendations are based 
on collective professional and personal experiences as 
well as studies from other pediatric disorders present-
ing with motor impairments, such as cerebral palsy (CP), 
Rett syndrome, and others. It is important to acknowl-
edge that patients are unique and will experience a vari-
ous range of improvements following gene therapy. The 
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guidelines that follow are focused primarily on rehabilita-
tion and are intended to serve as recommendations and 
considerations based on expert opinion. Therapy regi-
mens, including medications, should be developed in col-
laboration with the entire treatment team to best serve 
each patient.

Main text
Patients with AADC deficiency experience a broad spec-
trum of gross motor, fine motor, and cognitive impair-
ments [3–5], and response to gene therapy varies among 
patients [13]. Based on published literature and expert 
opinion, we identified several therapy modalities that 
may be employed to benefit patients once medically sta-
ble following gene therapy administration, and in many 
instances, prior to gene therapy (Fig. 1). These strategies 
may include a focus on gross motor, fine motor, language, 
and cognitive development, but many have also been 
shown to improve social interactions, self-confidence, 
and motivation in patients with other pediatric disorders 
[15–20]. Patients receiving gene therapy have shown spe-
cific improvements in autonomic dysfunction, including 
reduction in hyperhidrosis, and hyperthermia, as per 
retrospective caregiver assessments. However, patients 
treated with gene therapy may still be prone to hypoten-
sion, hypoglycemia, and temperature instability [13]. As 

a result, extra caution should be taken during physical 
training, as these events are preventable.

Therapy needs and considerations
Intensive and inpatient physical therapy
Due to the extent of motor impairments frequently 
observed in the disorder and the potential for accelerated 
skill acquisition after gene therapy, patients with AADC 
deficiency may benefit from a more intensive physi-
cal therapy regimen. Intensive regimens may help take 
advantage of developing motor control brain networks 
observed following intraputaminal rAAV2-hAADC gene 
therapy [21]. Intensive regimens typically consist of short 
bursts of intense practice for several hours daily, pro-
viding increased opportunity for motor learning. Bursts 
occur for 3 or 4  weeks and are followed by a period of 
normal activity and no therapy. Caregiver interviews 
and observations of patients with CP revealed improve-
ments in strength, endurance, functional gains, and inde-
pendence following intensive physical therapy regimens 
[22]. A review of intensive physical therapy and neu-
rodevelopmental therapy (occurring > 3 times weekly) 
demonstrated improved scores on the Gross Motor 
Function Measure in children with CP. The beneficial 
effects of intensive therapy were stronger for children 
aged ≤ 2  years [23]. Another study in children with CP 

Therapy 
Strategies

Inpatient/ intensive physical therapy
Increase training frequency and intensity to accelerate motor 
milestone attainment during critical periods of development

In-home therapy
Apply developing skills to functional activities and 
provide additional opportunities for practicing skills in 
a natural environment

Facilitating active movements
Promote active movements to give patients opportunities 
to identify and practice appropriate muscle actions for 
voluntary, coordinated movements 

Age-appropriate experiences
Encourage context-related functional use of active 
movements and developing skills 

Play therapy
Increase engagement in and motivation for practicing 
appropriate and functional motor skills by providing enjoyable, 
age-appropriate experiences

SIT/ SBI
Improve sensation processing and integration via 
play-based sensorimotor activities 

Assistive technology
Help patients achieve proper positioning to facilitate motor 

development and promote movement and function

Aquatic therapy
Enable patients to achieve and practice movements that 

cannot be easily accomplished on land 

Hippotherapy
Promote integration of sensory input with motor responses to 

improve balance, posture, and strength

Music therapy
Practice coordinated and synchronized movements in a 

functional context and encourage cognitive development and 
motivation for and participation in therapy 

Cognitive and communication training
Enhance development of cognition and increase patient 

comprehension and communication with caregivers, therapists, 
and others around them to optimize post-treatment outcomes

Functional use of active movements
Facilitate the application of active movements for 
functional tasks critical for developing independence

Fig. 1 Overview of recommended therapy strategies for patients with AADC deficiency following treatment with gene therapy. Recommended 
therapy strategies and their primary intended goal for patients with AADC deficiency following treatment with gene therapy are displayed. The 
treatment team should work in collaboration with the patient/caregiver to develop a treatment plan that is most appropriate for each patient 
as they progress following gene therapy. SBI sensory‑based interventions, SIT sensory integration therapy



Page 4 of 16Lee et al. Orphanet Journal of Rare Diseases           (2024) 19:17 

aged ≤ 2 years found motor improvement from intermit-
tent intensive physical therapy may depend on patient 
baseline severity, with patients unable to sit without sup-
port experiencing greater improvements [24]. From the 
motor learning perspective, recommendations on train-
ing frequency and intensity used for patients with CP 
may be applied to patients with AADC deficiency. Since 
eladocagene exuparvovec gene therapy has been evalu-
ated only in patients with limited to no attainment of 
basic motor milestones at baseline [12], following with 
intensive physical therapy is expected to be promising.

In addition to potentially greater motor improvements, 
frequency of intensive physical therapy allows short-
term goals to be adapted daily and improves quality of 
time spent in physical therapy and the therapist/patient 
relationship. Rest periods between intensive bursts allow 
patients and families a more normal lifestyle without the 
stress of therapy sessions [22, 25]. Furthermore, physical 
therapy compliance in patients with CP improved when 
therapy sessions increased from 2 to 4 times weekly [25].

Another option for intensive physical therapy for 
patients with AADC deficiency following gene therapy 
is pediatric inpatient rehabilitation admission. In addi-
tion to improved motor outcomes for patients, an ini-
tial stay in an inpatient rehabilitation center may reduce 
stress on caregivers as they can learn and prepare for 
post-gene therapy care in a well-controlled environment. 
Inpatient rehabilitation also allows collaboration across 
the treatment team for necessary assistive devices, such 
as wheelchairs, adaptive strollers, and bath equipment. 
An alternative to inpatient rehabilitation, which may 
not be available to all patients due to limited accessibil-
ity, cost to families, distance to centers or other family 
rationale, is an outpatient model such as the Intensive 
Model of Therapy, which has been used to treat patients 
with CP [26]. These outpatient regimens can be given in 
ambulatory settings in the immediate periods after sur-
gery and can be adapted to best suit needs of individual 
patients. Motor milestone data from clinical studies in 
patients with AADC deficiency demonstrate rapid mile-
stone attainment following acquisition of the first motor 
milestone over the first year following gene therapy [27]. 
Hence, patients may benefit most from intensive bursts 
of therapy within this critical period. At the therapist’s 
discretion, intensive therapy may also be utilized to pro-
mote development of the first motor milestone.

In‑home therapy
Following gene therapy, in-home therapy is recom-
mended in different phases, including the early months 
when patients are learning basic motor skills and do 
not require more advanced equipment offered by treat-
ment centers or clinics, as well as in a later period, when 

patients learn to apply or adapt their movements for daily 
functional activities at home. In-home therapy plays an 
important role in successful therapy outcomes in patients 
with CP by increasing the amount of time spent practic-
ing motor skills and improving use of functional skills 
in natural environments [28–30]; it should continue as 
patients progress in motor development.

In-home therapy should also focus on routine-based 
intervention rather than only direct therapy. Incorpo-
rating in-home therapy with routine-based considera-
tions can help caregivers learn how to integrate therapy 
throughout their daily routine and encourage their child 
to use developing skills in everyday activities. From our 
experiences, patients with AADC deficiency have diffi-
culties transferring movements into functional use, even 
after gene therapy. This routine-based approach and inte-
gration of skills into daily activities is critical, as complex 
in-home therapy regimens that are difficult to incorpo-
rate into the family’s routine have been identified as bar-
riers to compliance. Therapists can work with caregivers 
in many ways to improve compliance with at-home ther-
apy, including demonstrating exercises; providing written 
instructions with feedback, incentives, and reminders; 
and helping caregivers identify ways to incorporate 
skills into their daily routine [30]. Therapists should also 
strive for a collaborative relationship with the caregiver 
throughout an in-home program, as partnership home 
programs where both parties are involved in developing 
therapy goals, activities, and expectations can be more 
motivating and achievable [31]. Further support for col-
laborative programs can be seen in children with CP, 
where family-centered therapy services have been associ-
ated with increased family and recreational participation, 
as well as improved motor outcomes [32].

With the increased utilization of telehealth [33], a por-
tion of therapy sessions can occur virtually with caregiver 
assistance. Although research examining telehealth in 
rehabilitative therapy is limited, hybrid therapy regimens 
combining in-person and virtual sessions can be superior 
to in-person sessions alone for treatment of musculoskel-
etal conditions [33, 34]. Incorporating virtual sessions 
can also help reduce the burden of traveling and allow 
greater schedule flexibility. Given the rarity of AADC 
deficiency, telehealth visits allow access to experts with 
experience treating patients with the disorder, regard-
less of location. This access is beneficial considering the 
severity of patients with AADC deficiency and difficulties 
of transporting such medically fragile children. In addi-
tion to increasing access to experts, virtual therapy ses-
sions with the patient and caregivers are helpful to ensure 
compliance with the home exercises. Finally, the coach-
ing models used in telehealth visits create a collaborative 
relationship between therapists and caregivers and may 
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also increase caregivers’ sense of empowerment in caring 
for their child [33].

Therapy to facilitate active movements
After gene therapy, as the enzymatic pathway has been 
restored, patients will likely demonstrate increasing 
spontaneous active movements, both in amplitude and 
frequency, progressively during the early phase. However, 
improvement induced by gene therapy alone may vary 
among patients. As with motor development in infancy, 
spontaneous active movements may serve as the founda-
tion for patients identifying appropriate muscle actions 
for voluntary, coordinated movements and adapting for 
future functional use [35]. As a result, facilitating typical 
patterns of active movements should be a major focus of 
therapy during the early stage following gene therapy.

Facilitating typical patterns of active movements in 
therapy can be accomplished via the combined use of 
manual work from the therapist and movements from 
the patients, as well as via proper positioning of the body 
to allow the patient to perform spontaneous active move-
ments more easily. Developmentally supportive position-
ing in supine promoting muscle activation and antigravity 
control of proximal flexors is strongly recommended for 
patients with truncal hypotonia persisting in the early 
stages after gene therapy. Aquatic therapy, where thera-
peutic exercises are performed in a pool, and providing 
additional support such as using a gait trainer, are also 
highly recommended to facilitate active movements. Fur-
ther explanation is provided in the Supplemental Forms 
of Therapy and Assistive Technology sections.

In addition to maintaining static posture, post-treat-
ment physical therapy should focus on dynamic activi-
ties of posture transition, critical for active exploration 
and development of more advanced locomotion skills. It 
is worth noting that as patients receive gene therapy at 
an age closer to 2  years and beyond, factors including 
neuroplasticity and body dimensions will pose additional 
challenges compared to typically developing infants in 
gaining the ability to transition postures. With move-
ment repertoires gradually appearing after gene therapy, 
therapists should carefully observe the emergence of new 
movements and guide patients to apply or adapt these 
movements for appropriate posture transitions.

For instance, once the patient can sit with propped arm 
support, early ambulation training should be incorpo-
rated. Once the patient can take some steps, regardless 
of crawling ability, further training is needed to achieve 
proper reciprocal stepping necessary for development 
of functional ambulation. However, this is not to down-
play the importance of learning to crawl. Although typi-
cally developing children may skip crawling and progress 
straight to walking, crawling is an important locomotion 

milestone and should not be overlooked in the post–
gene therapy physical therapy program [36]. In our clini-
cal experience, patients who develop the ability to crawl 
(moving around on hands and knees with the belly off 
the floor) demonstrate independent walking sooner than 
those who do not crawl. Patients who do not crawl have 
more difficulty developing appropriate core stability and 
mastering the ability to coordinate their body segments 
for proper balance, a critical factor for independent 
walking. Data from 21 patients in two of the clinical tri-
als showed that among patients who developed walking 
ability, the number of patients who crawled was more 
than twice the number of patients who did not crawl, and 
the average time of the emergence of independent walk-
ing was 32 and 68 months after gene therapy for patients 
with and without crawling ability, respectively (Fig.  2a, 
b). More specifically, based on these data, patients who 
crawled were able to develop walking 3  years earlier in 
general than those who did not crawl.

Age‑appropriate experiences and functional use of active 
movements
With severe impairments across all developmental 
domains since infancy, patients with AADC deficiency 
have limited age-appropriate experiences strongly 
impacting the advancement in development. In addi-
tion to training focused on providing ability-appropriate 
activities, therapy properly incorporating age-appropriate 
experiences in aspects of motor, sensory, language, cog-
nition, self-care, and social interaction is recommended 
(Fig.  3.). It is important that patients, particularly after 
receiving gene therapy, are provided age-appropriate 
experiences to promote and encourage context-related 
functional use of active movements, as these can aid in 
improving abilities of various developmental domains. 
For instance, patients should be exposed to various 
postural experiences, such as being placed in prone or 
supported sitting positions, before independently tran-
sitioning to these positions. Similarly, patients should 
experience standing using a stander or other support 
before they transition to standing independently. Ide-
ally, this type of standing experience should occur daily 
for > 60  min. In addition to postural experiences, object 
manipulation with a variety of toys provides another 
opportunity for age-appropriate experiences incorpo-
rating active movements. As patients develop “hand-to-
mouth” ability following gene therapy, maximizing the 
opportunity for object manipulation and other hands-on 
experiences can effectively help prevent this from becom-
ing a problematic behavior.

As patients gradually gain movement repertoires fol-
lowing gene therapy, practicing and maximizing available 
active movements in a functional context is important 
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for further motor skill development. This allows the 
patient to practice their motor skills by incorporating 
them throughout their day rather than solely practic-
ing these movements in therapy sessions. Based on our 
experiences, an inability to apply active movements for 
functional uses, or activities of daily living (ADLs), is one 
of the major limitations that prevent further advance-
ment in development. ADLs usually do not occur easily 

or spontaneously in patients with AADC deficiency fol-
lowing gene therapy. For instance, data from 21 patients 
in two of the clinical trials showed that over half of the 
patients who displayed both the behaviors of carry-
ing an object to their mouth as well as persistent reach-
ing for objects still did not achieve self-feeding. Despite 
these skills being achieved on average 12  months after 
receiving gene therapy (range of time to develop skills: 

Fig. 2 a Number of patients who achieved walking based on crawling status. b Average time to early walking based on crawling status. Data 
from crawling and walking items of the locomotion subtest in PDMS‑2 of patients who were followed up over 2 years after gene therapy 
was included. Error bars represent standard deviation

Fig. 3 An example of real‑world experience of post‑gene therapy rehabilitation schedule in one patient receiving eladocagene exuparvovec. 
The patient immediately began OPT in conjunction with traditional speech therapy continuously. Daily PT for head control consisted of 1 h 
of core exercises for 2 weeks. Intensive therapy for sitting independently was for 2 h daily for 1 month. Weekly therapy for head control, trunk 
strength, and scooting independently included daily speech therapy and 4 h of PT and OT for 3 months. Play‑based learning focused on standing 
independently at PBL school: 5 days a week, 4 h daily, for 1 year, with supplemental PT 3 times a week for 1 h. Walking was the focus at the K‑12 
school: 5 days a week, 8 h daily, with learning support 3 days a week, OT twice a week, PT once a week, and speech therapy once a week, 
with the option to modify as needed
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6–24  months), more than half of these patients did not 
develop self-feeding ability years after these two behav-
iors presented (Fig.  4). This disconnect between active 
movement achievement and functional use for ADLs 
highlights that extra efforts and guidance are required to 
facilitate these transitions. Early and continuous practice 
of applying active movements for functional use is rec-
ommended and is critical for developing independence. 
For instance, participating in self-feeding once hand-to-
mouth ability develops, engaging transfer in standing 
once the ability of weight-bearing of lower extremities 
emerges, or starting toilet training once the ability of 
independent sitting appears.

Incorporating play into rehabilitation
Incorporating play into rehabilitation takes advantage of a 
child’s inclination to play and natural learning that occurs 
during play to aid motor development [17, 18]. Play-
ing provides patients with age-appropriate experiences 
and exposure to a variety of objects with which they can 
physically interact [37]. As the patient is focused on play-
ing, an enjoyable activity, they become less focused on 
the motor demands of the activity and more motivated 
and engaged with the activity. This allows the therapist or 
caregiver to guide them toward appropriate movements 
while playing [37, 38]. Another benefit of using play to 
engage motor skills is that play is free and can be easily 
incorporated into the patient’s day in a number of ways 
using a range of toys and environments. The addition of 
play to conventional rehabilitation has been shown to 
improve hand function compared to conventional reha-
bilitation alone in children with CP [38]. The benefits of 

play extend beyond motor development; play can reduce 
stress, improve self-confidence, and promote creativ-
ity, emotional regulation, problem-solving, and language 
development in children [17, 18]. As patients with AADC 
deficiency may lack motivation and play experiences 
compared to typically developing children, the advan-
tages of incorporating play into rehabilitation motivate 
patients to practice active movements and provide an 
opportunity for direct functional uses, as additional guid-
ance and practice are often needed for patients to apply 
and adapt movements for functional activities following 
gene therapy.

Sensory integration therapy and sensory‑based intervention
Sensory integration therapy (SIT) and sensory-based 
intervention (SBI) use play-based sensorimotor activities 
to improve sensation processing and integration. Though 
the methods utilized may vary, SIT/SBI most frequently 
focus on stimulating vestibular, proprioceptive, and tac-
tile sensory systems [39, 40]. Activities used in SIT/SBI 
include walking on tactile walkways, tracing the body, 
balancing on a balance board, identifying the weight of 
unknown objects, applying pressure to different body 
parts, and more. The incorporation of vestibular stimula-
tion into post-treatment rehabilitation programs, includ-
ing rocking, spinning, rolling, or swinging, which most 
patients with AADC deficiency enjoy and benefit from, 
is highly recommended. Patients with CP receiving forms 
of SIT/SBI reported improvements in gross motor skills 
as well as sensory integration and balance, communica-
tion abilities, and attention [40]. Benefits of SIT have also 
been shown in patients with succinic semialdehyde dehy-
drogenase deficiency, a neurotransmitter disorder with 
symptoms including hypotonia and poor motor control. 
Following addition of SIT to regular rehabilitation regi-
mens, patients gained motor abilities, increased sensory 
awareness and tolerance for movements, and showed 
improved cognition [39].

Assistive technology
A range of assistive technology should be incorporated 
into the post-gene therapy physical rehabilitation regi-
men. Devices such as ankle-foot orthotics, positioning 
chairs, standers, gait trainers, or wheelchairs are impor-
tant for patient progress and can help patients achieve 
proper positioning to facilitate movement. Many patients 
with AADC deficiency are non-ambulatory and at risk 
of complications from extended time in seated or lying 
postures before gene therapy. Standers can be particu-
larly helpful by improving weight bearing and range of 
motion, providing pressure relief, increasing psychologi-
cal well-being, and more [41], and may be especially ben-
eficial in patients already capable of standing with some 

33% (n=7)

29% (n=6)

38% (n=8)

67% (n=14)

Did not show both behaviors and can not self-feed during meal�me

Show both behaviors and can self-feed during meal�me

Show both behaviors and can not self-feed during meal�me
Fig. 4 Proportion of patients able to carry object to mouth, show 
persistent reaching behaviors and/or able to self‑feed. Data of two 
items (carries object to mouth and persistent reach) from Bayley‑III 
and current self‑feeding ability of twenty‑one patients who were 
followed up over 2 years after gene therapy were included
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support. It is recommended that a stander with ankle-
foot orthotics be used gradually for at least 60  min per 
day, 5 days per week. However, standers should only be 
utilized in patients able to be positioned properly within 
the stander, as patients not able to achieve proper posi-
tioning may not receive appropriate support beyond the 
mid-torso level.

Assistive devices should be prescribed based on func-
tional and caregiver goals, with this adaptive mindset 
employed regardless of whether a patient has received 
gene therapy treatment, but for those who have, it should 
be exercised throughout the post-gene therapy journey. 
Since motor abilities are expected to improve following 
gene therapy, assistive devices that enable body segments 
to move more freely are important to aid in development 
of voluntary active movements. For example, gait train-
ers or walkers with trunk and pelvic support can help 
facilitate stepping and weight-bearing ability. Once the 
patient can sit with propped arm support with or without 
the ability to bear weight through their legs, ambulation 
training with a gait trainer or walker with trunk and pel-
vic support can be added to the rehabilitation program to 
promote further development of motor milestones. More 
advanced assistive technology such as powered lower 
limb exoskeletons may also be useful for ambulation 
training, as these have shown positive effects in patients 
with CP [42].

Most patients will also require a custom medical 
stroller or wheelchair during this time to accommodate 
head, trunk, and limb positioning for long distances. 
Depending upon motor and cognitive improvements, 
patients may be able to drive a power wheelchair. As 
the patient grows, they will likely become too heavy for 
caregivers to transfer without support. At this stage, a 
mobile lift can help transfer the patient at home, if the 
child is yet unable to bear weight to aid in mutual trans-
fers. Cultural differences in the use of assistive devices 
should be taken into consideration by the physical 
therapist and treatment team. For instance, in cultures 
where wheelchairs are not frequently utilized by pediat-
ric patients, an adaptive stroller that still enables proper 
positioning may be a better option if it means the patient 
and their family will utilize it more frequently. As chil-
dren treated with gene therapy gain new motor skills and 
grow, frequent assessment of equipment fit and need will 
be required.

Supplemental forms of therapy
Supplemental forms of therapy, such as aquatic, music, 
and hippotherapy, have positive effects in patients with 
movement disorders [15, 16, 19, 20, 38–40, 43, 44] 
and may help improve outcomes after gene therapy in 
patients with AADC deficiency. As an added benefit, 

these types of rehabilitation can be very enjoyable, which 
may improve patient engagement with and motivation 
for practicing motor activities. Given the rarity of AADC 
deficiency, evidence supporting use of supplemental ther-
apies in patients with the disorder is limited. Therefore, 
patients and caregivers should work with their therapists 
and physicians to identify the most appropriate methods 
to incorporate into the treatment plan.

Aquatic therapy
Aquatic therapy, a method where therapeutic exercises 
are performed in water, takes advantage of buoyancy to 
give patients the most autonomy possible in movements 
and overcome land-based motor limitations. Water is a 
low-impact environment for mobility; patients can expe-
rience freedom to move around in a pool without fear of 
falling. Many patients who received gene therapy can per-
form actions and movements in this unique environment 
that cannot be easily accomplished on land; the sense of 
freedom to move motivates patients to repeat actions 
and movements naturally and spontaneously. Specifi-
cally, in a pool, less effort is required for patients to carry 
out reciprocal leg movements essential for locomotion. 
Additionally, water viscosity provides multi-dimensional 
resistance to help improve muscle strength while hydro-
static pressure helps strengthen respiratory muscles and 
increase blood and oxygen flow to muscles and the brain 
[20, 45]. In children with Rett syndrome, aquatic therapy 
has been especially beneficial for active movement train-
ing in patients not strong enough for movement therapy 
on land, allowing them to move through their available 
range of motion more freely in the water. In addition to 
physical improvements, these patients showed improve-
ments in mood and relations with family and school-
mates, revealing the broader impact of aquatic therapy 
for patients with neurodevelopmental disorders [20]. 
Aquatic therapy also enables caregivers to provide better 
physical support in water as they are carrying less weight, 
ultimately increasing comfort with in-home land therapy.

Hippotherapy
Hippotherapy utilizes rhythmic movements of a horse 
to provide repetitive challenges to a patient’s balance, 
posture, and strength while helping integrate sensory 
input with motor responses. The therapist can tar-
get different sensorimotor skills and postural control 
by having the patient sit or move on the horse in vari-
ous positions. The moving horse also provides rapidly 
changing conditions in a short period of time that the 
patient must adapt to using trunk stability and other 
motor reactions. Hippotherapy has been effective in 
children with CP, where improvements in trunk control 
and head stability were observed following 12  weeks of 
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hippotherapy. Hippotherapy is also linked to improved 
self-confidence, social interactions, and overall quality of 
life in these patients [15]. Improvements in gross motor 
function, including head and trunk control, have also 
been observed in children with Down syndrome follow-
ing a hippotherapy regimen [44]. As patients with AADC 
deficiency show hypotonia especially around the core 
even after gene therapy, hippotherapy provides an enter-
taining alternative to strengthen core muscles. Examples 
of exercises involved in hippotherapy include transition-
ing between positions, riding without holding on with 
their hands, and handing objects back and forth or catch-
ing or throwing a ball with the therapist [15, 44].

Music therapy
Music therapy takes advantage of music’s ability to con-
nect motor and cognition while facilitating learning and 
emotional experiences [43]. The structured timing of 
rhythm-based activities can also help patients develop 
the ability to coordinate and synchronize movements 
[16, 43]. One type of music therapy that integrates active 
movements with music and rhythm is therapeutic instru-
mental music performance (TIMP). In TIMP, patients 
aim to play musical instruments using physical actions 
that mirror other functional movements. Instruments 
are deliberately placed in different positions relative 
to the patient to improve range of motion, limb coor-
dination, and functional movements [16]. In children 
with severe bilateral CP, this music therapy resulted in 
improved upper-limb function, suggesting that patients 
with AADC deficiency may also experience similar ben-
efits [43].

In addition to motor improvements, music therapies 
such as TIMP can also increase patient participation and 
motivation, two critical factors in therapy success [16, 
19]. Integration of movement therapy with music and 
rhythm can also make active movement therapy more 
enjoyable for the patient [19]. Singing has been incor-
porated into aquatic therapy programs of children with 
Rett syndrome to increase patients’ enthusiasm [20]. As 
many patients with AADC deficiency demonstrate spe-
cial interest and respond well to songs, rhymes, beats, 
and rhythms after gene therapy, the evidence provided 
by patients from other diseases further illustrates the 
potential of music-based therapies to supplement physi-
cal therapy in children with AADC deficiency.

Cognitive and communication training
There is a clear interplay between early cognitive and 
motor development, and given the link between cogni-
tive processing and motivation [46, 47], it is possible 
that development of motor milestones may be further 
impaired by delayed cognitive development. Even after 

gene therapy, many patients do not have previous motor 
experience and social involvement to draw from to form 
a new skill. This, combined with clinical trial evidence 
demonstrating improvements in cognition and language 
are possible following gene therapy [13], highlights the 
importance of focusing on cognitive function and devel-
opment, which play a critical role across the post-treat-
ment physical rehabilitation journey. Certain strategies 
can be employed before or after gene therapy to nurture 
cognitive development and help patients develop aware-
ness of their body, align body and mind, evoke their 
interests to interact with objects and environments, and 
ultimately facilitate motivation and maximize outcomes 
throughout their journey. Importantly, parent-child 
interactions rooted in daily activities also have a strong 
influence on cognitive and communication development.

Training focusing on optimizing visual fixation and 
object tracking are often overlooked but are extremely 
critical, as based on our experiences, most patients are 
highly interested in faces but pay no attention to toys, 
even after gene therapy, if not properly trained. Providing 
patients with age-appropriate, rather than strictly ability-
appropriate, experiences can also help improve cognitive 
development. This can involve toys, books, play activities, 
and incorporating rhythm into body movement exercises 
through children’s songs or musical instruments. For 
patients with limited voluntary movements, these age-
appropriate experiences can be provided through guid-
ance or modeling. The goal is to provide the child with 
increasingly challenging activities to further promote 
cognitive development, but attention should be paid to 
incorporating age-appropriate stimulation to various 
degrees.

A focus on speech and communication training is also 
critical to post-treatment rehabilitation success, as it may 
enhance development of cognition and patient compre-
hension of instructions during therapy. For instance, 
Augmentative and Alternative Communication (AAC) 
methods may enable effective communication between 
patients and their treatment team and caregivers [48]. 
It is recommended that AAC be introduced early in the 
post-treatment rehabilitation journey. In addition to 
oral language skills, speech and communication therapy 
should focus on non-oral communications such as facial 
expressions, eye contact, gestures, and body movements. 
Similarly, Oral Placement Therapy (OPT), a speech ther-
apy methodology combining auditory, visual, and tactile 
stimulation, may also be a beneficial supplement to a 
speech therapy program. As speech is a tactile-proprio-
ceptive act, tactile and proprioceptive elements of OPT 
may be particularly beneficial for patients with motor 
impairments, who cannot use more traditional auditory 
or visual input to produce or imitate speech sounds [49].
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Moreover, speech therapy plays a critical role in 
improving other oral functions such as chewing, swal-
lowing, and other feeding skills, usually impaired to vari-
ous degrees in patients with AADC deficiency [4, 5, 50].

Additional considerations for developing a post‑gene 
therapy treatment program
Public therapy services
Therapy costs can be a tremendous financial burden 
on caregivers, especially as physical therapy is only one 
component of caring for a child with AADC deficiency 
[51]. Therefore, families should leverage local govern-
ment funding, benefits, and resources, including pub-
licly funded therapy services, to help reduce financial 
burden. Forms of publicly funded therapy services are 
available in several regions for children with develop-
mental delays or other disabilities. For patients diagnosed 
and treated with gene therapy prior to age 3 years in the 
United States, early intervention services can be utilized. 
Patients aged ≥ 3  years may be eligible for therapy ser-
vices through their local public elementary school  [52]. 
Early intervention services for children from birth to 
school entry and therapy services for older children with 
developmental delays and other special needs are also 
available throughout Canada [53–55]. In Taiwan, chil-
dren diagnosed with developmental delay are eligible to 
receive therapy services, including occupational, physi-
cal, and speech therapy, supported by early intervention 
government funding [56]. While therapists in these ser-
vices have extensive experience in pediatric therapy and 
movement disorders such as CP, they will likely have lim-
ited or no experience treating patients with AADC defi-
ciency. Therefore, the patient’s physician should regularly 
communicate with the therapist and provide guidance.

One limitation is the frequency of the sessions, which 
may not be sufficient for patients with AADC deficiency. 
Given the extensive rehabilitation needs of patients fol-
lowing gene therapy, private therapy should be used to 
supplement these sessions and provide more intensive 
training as needed.

Dyskinesia
Following treatment with gene therapy, patients may 
experience dyskinetic events. These involuntary move-
ments are transient and likely the result of dopamine 
receptor hypersensitivity due to long-term dopamine 
deficiency resulting from AADC deficiency [13]. Pres-
ence of post-treatment dyskinesia should not delay the 
start of rehabilitation. In fact, these involuntary move-
ments of body segments during dyskinesia episodes can 
provide an important foundation for future development 
of functional movements, similar to spontaneous move-
ments during early infancy [35, 57].

If dyskinesias occur, a number of techniques may be 
utilized to manage movements and prevent therapy inter-
ference. Use of weight, via compression vests, weighted 
blankets, or ankle weights has been beneficial. Therapeu-
tic techniques and guidance for producing optimal move-
ment patterns can also be utilized during this period. 
Finally, proprioceptive input to help activate joints and 
muscles can be added to the rehabilitation routine for 
increased body awareness. Dyskinesias may also impact 
coordination of breathing and swallowing, although this 
was not observed in the eladocagene exuparvovec trials. 
Therefore, swallowing assessments and consultations on 
feeding skill adjustments are recommended to promote 
safety while eating. This may involve oral sensitization/
desensitization massage, positioning adjustment, table-
ware adjustment, and food texture adjustment.

Regular orthopedic follow‑up
Regular orthopedic follow-up with hip and spine assess-
ments are important to check for development of sco-
liosis and contractures, especially as patients approach 
pre-puberty. Monitoring for hip dysplasia or subluxation 
is important in non-ambulatory children, and an annual 
pelvic radiograph is recommended. Additionally, hypo-
tonia or dystonia in AADC deficiency can contribute to 
development of hip subluxation. As such, hip radiographs 
should be obtained if the patient develops pain with or 
without hip movements or asymmetrical hip abduction 
[58]. However, these types of complications from the 
underlying disorder do not typically impact the ability to 
implement and conduct therapy.

Cross‑functional collaboration following gene therapy
Management of AADC deficiency requires a multidisci-
plinary team, including physical therapists, speech and 
language therapists, occupational therapists, social work-
ers, dieticians, and physician specialists [4]. Collabo-
ration between members of the treatment team when 
devising a post-treatment plan is critical; physical ther-
apy should occur in parallel with speech therapy, occu-
pational therapy, and regular follow-up visits with the 
pediatric neurologist or other specialist primarily leading 
care. Continued coordination and collaboration through-
out the post-treatment journey will help ensure each 
patient receives rehabilitation regimens most appropri-
ate for their abilities at every stage and that patients and 
families have access to the necessary programs, facilities, 
and equipment.

The role of the treatment center and referring physi-
cians in patient care evolves across the post-gene therapy 
journey. Prior to discharge from the treatment center, 
physicians should help advocate for post-treatment ther-
apy for their patients and connect patients and caregivers 
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with available resources. If patients can receive therapy in 
an inpatient rehabilitation center, physicians should meet 
with the patient, family, and therapists prior to discharge 
to prepare and align on next steps for rehabilitation. 
Communication between the inpatient team, whether at 
the treatment center or an inpatient rehabilitation center, 
and the patient’s local physical therapists and other pro-
viders is critical at this stage to adequately prepare the 
local treatment team for the patient’s return home. Once 
discharged, physicians should also monitor for treatment 
side effects, including dyskinesias that may interfere with 
physical therapy if not properly managed.

Caregiver involvement in post‑treatment therapy
As discussed, the importance of parental and caregiver 
support, involvement, and commitment to rehabilita-
tion is crucial for post–gene therapy improvements. Par-
ents and caregivers must recognize that the potential for 
developmental improvements following gene therapy 
may be restricted if the patient does not follow the proper 
post-treatment therapy plan. Moreover, as patients dem-
onstrate basic motor abilities and exploratory behaviors, 
caregivers should provide opportunities for their child to 
continue exploring and applying these abilities as often as 
possible within safe limits. The treatment team, includ-
ing therapists, can help support caregivers and encourage 
their involvement and enthusiasm in their child’s treat-
ment plan by openly communicating with them through-
out the post-treatment journey. This enables caregivers to 
better understand their child’s progress and know what is 
expected from them to best help their child. Therefore, 
parent/caregiver empowerment should be a top priority 
for the treatment team when working with patients with 
AADC deficiency.

In addition to regularly and openly communicating 
with caregivers, therapists should continuously coach 
them on how to properly position and interact with 
their child as their motor abilities change and encourage 
them to practice at home through functional activities. 
Because costs may restrict frequency with which therapy 
sessions occur, caregiver-mediated practice can allow the 
patient to practice new motor skills outside of their regu-
lar therapy sessions and can further increase mobility 
and motor development. In addition to the suggestions in 
the earlier in-home therapy section, some caregivers may 
find specific therapist-assigned “homework” for working 
with their child outside of therapy sessions motivating 
and beneficial [31].

While patients likely relied on their caregiver for all 
daily living tasks, this may begin to change as their motor 
function improves following gene therapy. Caregivers 
should be encouraged to allow their child the freedom 
to make functional gains and experience more autonomy 

as they progress on their post-treatment journey. As an 
example, they can allow their child to attempt self-feed-
ing once hand-to-mouth ability develops, rather than 
being fed exclusively by the caregiver. While caregivers 
may initially struggle to allow their child the independ-
ence required to make such gains, therapists and the 
treatment team should continue to emphasize the impor-
tance of reinforcing empowerment, not helplessness, by 
promoting child-initiated movements in their communi-
cations with caregivers.

Caregivers also play a large role in helping their child 
develop cognitive and communication abilities. They 
can support this development by describing the actions 
or activities that they or their child performs by observ-
ing, interpreting, and reacting to their child’s responses 
in a supportive way and by providing opportunities 
for their child to make decisions as often as possible to 
strengthen their child’s desire to communicate and pro-
mote autonomy.

Caring for a child with AADC deficiency has been 
shown to place a financial, mental, emotional, and physi-
cal burden on caregivers [51], with one survey of patients 
with AADC deficiency and their caregivers finding that 
71% were fully dependent on their caregiver [7]. To help 
reduce the financial burden, social workers, physicians, 
and therapists can help connect caregivers and families to 
publicly funded therapy programs and other resources to 
help obtain necessary assistive devices or home modifica-
tions to help their child progress [59, 60]. Social workers 
can also help connect caregivers to support groups and 
other networks to help reduce stress and ease the men-
tal and emotional burden [4, 60]. Similarly, supplemental 
therapies like cognitive play, aquatic therapy, and hippo-
therapy may not only be enjoyable for the patient but can 
also provide a bonding experience for the family, allowing 
them to make memories together while participating in 
activities their child enjoys.

While factors correlating with response to gene therapy 
have been identified [13], many unknown variables likely 
contribute to treatment response in patients with AADC 
deficiency. Though everyone involved in the patient’s 
care hopes for the best possible results following gene 
therapy, the treatment team should also prepare caregiv-
ers for the range of outcomes that may occur and what 
improvements are realistic for their child.

Recommendations for post‑treatment physical therapy 
regimen
Though the post-gene therapy journey will differ among 
patients, information and experiences highlighted 
throughout this article lead us to propose the follow-
ing summary of therapy recommendations for patients 
with AADC deficiency, with the caveat that specific 
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rehabilitation goals and programs will depend on individ-
ual patient ability and needs. While muscle overexertion 
may be a concern for patients with degenerative neuro-
muscular disease [61], AADC deficiency is not a pro-
gressive disorder [62]. As such, once neurotransmitter 
biosynthesis is restored following gene therapy, although 
patients may easily fatigue both physically and mentally, 
they should be continuously challenged to make gains 
during therapy without fear of muscle overexertion, while 
monitoring fatigue and developing a reasonable practice 
schedule. Given that patients with AADC deficiency have 
poor endurance in general and are still prone to hypoten-
sion and hypoglycemia after gene therapy [13], training 
sessions with tasks carried out in shorter duration, higher 
frequency, and with proper rest is recommended.

The recommended physical therapy frequency for 
patients with AADC deficiency following gene therapy 
was developed in line with the guidelines established by 
Bailes et  al. This publication recommends 4 factors to 
guide therapy frequency: (1) patient’s ability to partici-
pate and benefit from the therapy process, (2) presence 
of a critical period for rapid recovery, (3) amount of ther-
apist expertise required, and (4) level of family support 
needed to meet therapy goals [63]. Briefly, physical ther-
apy sessions should occur more frequently during initial 
stages of learning a skill or movement, or during critical 
periods when milestones are more likely to develop. As 
the patient can perform the movement with little thera-
pist guidance, frequency and/or intensity of physical 
therapy sessions can decrease (Fig. 5) [63, 64].

Rehabilitation should begin as soon as patients are 
medically stable following neurosurgery. Weekly follow-
ups should take place for the first 4 to 6 weeks following 
treatment to help physicians monitor for treatment side 
effects, including dyskinesias that may cause safety issues 
if not appropriately managed. Physical therapy should 
occur at least twice per week for the first 6 to 12 months 
following gene therapy. Once therapy activities and 
movements can be performed by the patient and/or 
caregiver, therapy session frequency can be reduced to 
weekly or biweekly, and a portion of sessions can occur 
via telehealth as available, as long as progress toward 
established goals are met. Therapists should collaborate 
with caregivers to develop an in-home therapy program 
so patients can practice and advance their motor devel-
opment outside of therapy.

Attainable goals following gene therapy include mile-
stones such as head control, sitting with and without 
assistance, standing with and without support, and walk-
ing with and without assistive devices. Intensive physi-
cal therapy, whether inpatient or outpatient, should 
occur once the first motor milestone is attained, but 
may also be considered if the first motor milestone has 

yet to be attained. This may involve a period of 2 weeks 
in an inpatient pediatric rehabilitation unit if possible, 
or an increase in session frequency for patients unable 
to access inpatient therapy. This increased frequency 
should continue for 6 to 8  weeks to take advantage of 
what appears to be a critical period for further milestone 
attainment following attainment of the first milestone 
based on available data [27].

Direct therapy for achievement of motor milestones 
for many patients can be conducted through floor-based 
exercises with proper use of assistive devices. Therefore, 
before discharge from the hospital following gene ther-
apy, patients should be measured for a custom orthope-
dic stander (with head support if required), trunk brace 
or compression garment, and bilateral solid ankle–foot 
orthotics. A pediatric physical therapist and equipment 
vendor should then conduct an in-home assessment to 
ensure the equipment fits the patient appropriately and 
caregivers can properly use equipment at home.

Before development of sitting with propped arm sup-
port, rehabilitation activities should include positioning, 
facilitating active movements, promoting head and trunk 
control, standing with the assistance of a stander, and 
supplemental therapies such as aquatic therapy. As move-
ments for functional activities emerge, physical therapy 
should focus on promoting and maximizing context-
related functional use of these voluntary movements. For 
example, once the patient can bring their hand to their 
mouth, self-feeding should be encouraged and practiced. 
Additionally, once the patient can sit with propped arm 
support, early ambulation training should be introduced. 
Finally, cognitive and communication training as well as 
exposure to age-appropriate experiences should occur 
throughout the post–gene therapy journey.

As motor improvements have been observed beyond 
5 years following treatment with eladocagene exuparvo-
vec [13], continued rehabilitation is essential for maxi-
mizing patient improvements. Physical therapists should 
consider an episodes-of-care approach for long-term 
physical therapy, with alternating periods of therapy 
and breaks in therapy. Length and intensity of an epi-
sode of care should be determined by the treatment team 
depending on patient and family goals and will likely vary 
depending on skill or movement [64, 65]. Established 
assessment scales for motor, cognition, speech, and other 
symptoms should be utilized in order to accurately track 
post-gene therapy progress 66. In addition to tracking 
patient progress over time, the use of standardized assess-
ment scales can minimize effects of bias resulting from 
clinical expectations, can assist the treatment team in 
planning interventions, and may help determine patient 
eligibility for early intervention services [67, 68]. Given 
the rarity of AADC deficiency, patients and caregivers 
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should also be encouraged to enroll in patient registries. 
These registries will provide valuable insights into the 
real-world impact of gene therapy and post-treatment 
therapy regimens on patient development, allowing for 
an improved understanding of post-treatment therapy 
approaches to maximize patient improvement.

Conclusions
The approval of eladocagene exuparvovec, the first gene 
therapy indicated for treatment of AADC deficiency [10], 
expands the range of motor and cognitive outcomes for 
patients with the disorder. Following treatment, achieve-
ment of motor milestones such as sitting, standing, and 

Measure patient for custom assistive devices 
(orthopedic stander, trunk brace or compression 

garment, solid ankle-foot orthotics)
Prior to discharge

Once 
medically 
stable

PT sessions with therapist occurring at least 2x/ wk
for first 6–12 months. Session frequency and 

administration dependent on the 
following factors:

Has the first post-gene 
therapy motor milestone 

been attained? (if no, 
frequency of sessions may 

increase to 3x/ wk)

Can the patient and/ or 
caregiver successfully 

perform therapy movements 
and activities 

independently? 

Intensive PT for 
6–8 weeks (inpatient or 

outpatient, as determined by 
treatment team and 

caregivers)

Transition to more in-home 
parental-guided therapy or 

consider transition to 
community programs. Option 

to decrease frequency of 
formal therapy to 1x/ wk or 
biweekly, with a portion of 

sessions occurring via 
telehealth as available

Is patient still progressing 
towards established goals?

Continue to monitor patient 
progress

Yes Yes

No

Yes

No

No

Milestone 
Attainment

Patient 
Independence

Fig. 5 Evaluation flow chart for determining post‑treatment physical therapy session frequency in the first 12 months following gene therapy
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even walking are possible [13, 27]. However, a more 
holistic perspective is key to designing a therapy regimen 
following gene therapy treatment, specifically one tai-
lored to the varying needs of patients to help maximize 
post-gene therapy improvements. As eladocagene exu-
parvovec was only recently approved, there is currently a 
lack of therapy guidelines for this post-treatment period. 
This is an especially critical unmet need given the rarity 
of AADC deficiency, as most therapists will have little to 
no prior experience treating these patients.

In this article, we have discussed several considerations 
for post-treatment therapy approaches and proposed 
recommendations that we believe caregivers, therapists, 
and the wider treatment team will find valuable as they 
develop individualized post-treatment therapy plans 
for their patient. Given the breadth of impairments 
experienced by patients with AADC deficiency, a post-
treatment therapy plan should incorporate a variety of 
approaches to achieve the best possible outcomes. This 
includes a focus on cognitive and communication train-
ing, active movement training, periods of intensive 
rehabilitation timed with milestone achievement, incor-
poration of therapy exercises and activities at home, and 
supplementing with forms of therapy that the patient 
may find more enjoyable and engaging, such as aquatic 
therapy or hippotherapy. In addition to these specific 
recommendations for the focus of the therapy program, 
post-treatment therapy plans need to include an empha-
sis on caregivers, as they play a crucial role in all aspects 
of their child’s post-treatment life. Programs should be 
developed in collaboration with caregivers as much as 
possible to improve feasibility, confidence, and compli-
ance. Caregivers should also be connected with financial, 
emotional, and mental support throughout the post–
gene therapy journey to help promote their well-being 
and quality of life.

Outside of AADC deficiency, the role of therapy fol-
lowing treatment will be increasingly important to con-
sider for other rare diseases as gene therapies and other 
treatments are developed and approved for these disor-
ders. We believe that the considerations and recommen-
dations presented here will also prove beneficial beyond 
the AADC deficiency community.

Abbreviations
AAC   Augmentative and alternative communication
AADC  Aromatic l‑amino acid decarboxylase
AIMS  Alberta infant motor scale
Bayley‑III  Bayley scales of infant and toddler development–3rd edition
CP  Cerebral palsy
OPT  Oral placement therapy
OT  Occupational therapy
PBL  Play‑based learning
PDMS‑2  Peabody developmental motor scales–2nd edition
PT  Physical therapy

SBI  Sensory‑based intervention
SIT  Sensory integration therapy
TIMP  Therapeutic instrumental music performance

Acknowledgements
Medical writing assistance and manuscript revision under the direction of 
the authors was provided by PRECISIONscientia, funded by PTC Therapeutics, 
Inc. This manuscript was prepared according to the International Society for 
Medical Publication Professionals “Good Publication Practice (GPP) Guidelines 
for Company‑Sponsored Biomedical Research: 2022 Update.”

Author contributions
AK and JT contributed to the conception of the manuscript. H‑ML, SM‑A, GH, 
DM, K‑LT, and W‑LH contributed intellectual input in the form of professional 
experience treating patients with AADC deficiency. REP and JW contributed 
intellectual input as parents and caregivers of a patient with AADC deficiency. 
All authors contributed to the design of the manuscript, participated in draft‑
ing and critically revising the manuscript, and read and approved the final 
version for submission.

Funding
Funding for this article was provided by PTC Therapeutics, Inc.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
REP and JW declare that they have no competing interests. AK and JT are 
employees of PTC Therapeutics, Inc. H‑ML, SM‑A, GH, and DM have served 
as advisory board members for PTC Therapeutics, Inc. W‑LH has served as an 
advisory board member, consulted for, and received research grants from PTC 
Therapeutics, Inc.

Author details
1 Department of Medical Genetics and Pediatrics, National Taiwan Univer‑
sity Hospital and National Taiwan University College of Medicine, No. 8, 
Chung‑Shan South Road, Taipei 100226, Taiwan. 2 Department of Physical 
Therapy and Assistive Technology, National Yang Ming Chiao Tung University, 
Linong St. Beitou Dist, No. 155, Sec. 2, Taipei 112304, Taiwan. 3 Department 
of Medical Genetics, University of Alberta, 8613 114 Street, Edmonton, AB 
T6G 2H7, Canada. 4 Division of Biochemical Genetics, Department of Pediat‑
rics, University of British Columbia, 4480 Oak Street, Vancouver, BC V6H 3V4, 
Canada. 5 Department of Pediatric Rehabilitation, Children’s Mercy Hospital, 
2401 Gillham Road, Kansas City, MO 64108, USA. 6 Department of Pediatrics, 
University of Missouri–Kansas City, 2411 Holmes Street, Kansas City, MO 
64108, USA. 7 Thai‑Chinese International School, 101/177 Moo 7 Soi Mooban 
Bangpleenives, Prasertsin Road, Bangplee Yai, Samut Prakan 10540, Thailand. 
8 PTC Therapeutics Inc, 100 Corporate Ct #2400, South Plainfield, NJ 07080, 
USA. 9 Texas Children’s Hospital, 6621 Fannin Street, Houston, TX 77030, USA. 
10 Ruamrudee International School, 6 Soi Ramkhamhaeng 184, Khwaeng Min 
Buri, Min Buri, Bangkok 10510, Thailand. 11 Center for Precision Medicine, China 
Medical University Hospital, 2 Yude Road, 404 Taichung City, Taiwan. 

Received: 17 January 2023   Accepted: 11 January 2024

References
 1. OMIM. Aromatic L‑amino acid decarboxylase deficiency; AADCD. 

Accessed 4 Nov 2022. https:// www. omim. org/ entry/ 608643

https://www.omim.org/entry/608643


Page 15 of 16Lee et al. Orphanet Journal of Rare Diseases           (2024) 19:17  

 2. BRENDA. Information on EC 4.1.1.28 ‑aromatic‑L‑amino‑acid decarboxy‑
lase. Accessed 4 Nov 2022. https:// www. brenda‑ enzym es. org/ enzyme. 
php? ecno=4. 1.1. 28

 3. Himmelreich N, Montioli R, Bertoldi M, et al. Aromatic amino acid decar‑
boxylase deficiency: molecular and metabolic basis and therapeutic 
outlook. Mol Genet Metab. 2019;127(1):12–22. https:// doi. org/ 10. 1016/j. 
ymgme. 2019. 03. 009.

 4. Wassenberg T, Molero‑Luis M, Jeltsch K, et al. Consensus guideline for the 
diagnosis and treatment of aromatic l‑amino acid decarboxylase (AADC) 
deficiency. Orphanet J Rare Dis. 2017;12(1):12. https:// doi. org/ 10. 1186/ 
s13023‑ 016‑ 0522‑z.

 5. Brun L, Ngu LH, Keng WT, et al. Clinical and biochemical features of aro‑
matic L‑amino acid decarboxylase deficiency. Neurology. 2010;75(1):64–
71. https:// doi. org/ 10. 1212/ WNL. 0b013 e3181 e620ae.

 6. Swoboda KJ, Saul JP, McKenna CE, Speller NB, Hyland K. Aromatic L‑amino 
acid decarboxylase deficiency: overview of clinical features and out‑
comes. Ann Neurol. 2003;54(Suppl 6):S49‑55. https:// doi. org/ 10. 1002/ ana. 
10631.

 7. Pearson TS, Gilbert L, Opladen T, et al. AADC deficiency from infancy to 
adulthood: symptoms and developmental outcome in an international 
cohort of 63 patients. J Inherit Metab Dis. 2020;43(5):1121–30. https:// doi. 
org/ 10. 1002/ jimd. 12247.

 8. Williams K, Skrobanski H, Werner C, O’Neill S, Buesch K, Acaster S. 
Symptoms and impact of aromatic l‑amino acid decarboxylase (AADC) 
deficiency: a qualitative study and the development of a patient‑centred 
conceptual model. Curr Med Res Opin. 2021;37(8):1353–61. https:// doi. 
org/ 10. 1080/ 03007 995. 2021. 19324 49.

 9. Wang H, Li J, Zhou J, et al. Oculogyric crisis mimicked epilepsy in a 
Chinese aromatic L‑amino acid decarboxylase‑deficiency patient: A case 
report. Front Neurol. 2022;13: 919583. https:// doi. org/ 10. 3389/ fneur. 2022. 
919583.

 10. PTC Therapeutics. Upstaza™ granted marketing authorization by 
European Commission as first disease‑modifying treatment for AADC 
deficiency. July 20, 2022. Accessed 4 Nov 2022. https:// www. prnew swire. 
com/ news‑ relea ses/ upsta za‑ grant ed‑ marke ting‑ autho rizat ion‑ by‑ europ 
ean‑ commi ssion‑ as‑ first‑ disea se‑ modif ying‑ treat ment‑ for‑ aadc‑ defic 
iency‑ 30158 9884. html#: ~: text= Upsta za% 20is% 20the% 20fir st% 20app 
roved ,patie nts% 2018% 20mon ths% 20and% 20old er. 2022.

 11. PTC Therapeutics I. Upstaza™ gene therapy granted marketing authoriza‑
tion for AADC deficiency by UK’s MHRA. November 17, 2022. Accessed 5 
Dec 2022. https:// www. prnew swire. com/ news‑ relea ses/ upsta za‑ gene‑ 
thera py‑ grant ed‑ marke ting‑ autho rizat ion‑ for‑ aadc‑ defic iency‑ by‑ uks‑ 
mhra‑ 30168 1531. html. 2022.

 12. Upstaza. Summary of product characteristics. PTC Therapeutics, Inc. 2022.
 13. Tai CH, Lee NC, Chien YH, et al. Long‑term efficacy and safety of 

eladocagene exuparvovec in patients with AADC deficiency. Mol Ther. 
2022;30(2):509–18. https:// doi. org/ 10. 1016/j. ymthe. 2021. 11. 005.

 14. Sanger WG, Dave B, Stuberg W. Overview of genetics and role of the 
pediatric physical therapist in the diagnostic process. Pediatr Phys Ther. 
2001;13(4):164–8.

 15. Shurtleff TL, Engsberg JR. Changes in trunk and head stability in children 
with cerebral palsy after hippotherapy: a pilot study. Phys Occup Ther 
Pediatr. 2010;30(2):150–63. https:// doi. org/ 10. 3109/ 01942 63090 35172 23.

 16. Santonja‑Medina CS, Marrades‑Caballero E, Santonja‑Medina F, Sanz‑
Mengibar JM. Neurologic music therapy improves participation in 
children with severe cerebral palsy. Front Neurol. 2022;13:795533. https:// 
doi. org/ 10. 3389/ fneur. 2022. 795533.

 17. Romero‑Ayuso D, Ruiz‑Salcedo M, Barrios‑Fernández S, et al. Play in 
children with neurodevelopmental disorders: psychometric properties of 
a parent report measure “My Child’s Play.” Children (Basel). 2021. https:// 
doi. org/ 10. 3390/ child ren80 10025.

 18. Nijhof SL, Vinkers CH, van Geelen SM, et al. Healthy play, better coping: 
the importance of play for the development of children in health and 
disease. Neurosci Biobehav Rev. 2018;95:421–9. https:// doi. org/ 10. 1016/j. 
neubi orev. 2018. 09. 024.

 19. Lotan M, Elefant C. Rett syndrome: dual intervention ‑ music and physical 
therapy. Nord J Music Ther. 2004;13:172–82. https:// doi. org/ 10. 1080/ 
08098 13040 94781 14.

 20. Escobar Torres L, Sanders ME, Belenguer Benitez C, Melendez OA. Efficacy 
of an aquatic exercise program for 3 cases of Rett syndrome. Pediatr Phys 
Ther. 2019;31(4):E6‑e13. https:// doi. org/ 10. 1097/ pep. 00000 00000 000655.

 21. Onuki Y, Ono S, Nakajima T, et al. Dopaminergic restoration of prefrontal 
cortico‑putaminal network in gene therapy for aromatic l‑amino acid 
decarboxylase deficiency. Brain Commun. 2021;3(3):fcab078. https:// doi. 
org/ 10. 1093/ brain comms/ fcab0 78.

 22. Christy JB, Saleem N, Turner PH, Wilson J. Parent and therapist per‑
ceptions of an intense model of physical therapy. Pediatr Phys Ther. 
2010;22(2):207–13. https:// doi. org/ 10. 1097/ PEP. 0b013 e3181 db8151.

 23. Arpino C, Vescio MF, De Luca A, Curatolo P. Efficacy of intensive versus 
nonintensive physiotherapy in children with cerebral palsy: a meta‑anal‑
ysis. Int J Rehabil Res. 2010;33(2):165–71. https:// doi. org/ 10. 1097/ MRR. 
0b013 e3283 32f617.

 24. Shamir M, Dickstein R, Tirosh E. Intensive intermittent physical therapy in 
infants with cerebral palsy: a randomized controlled pilot study. Isr Med 
Assoc J. 2012;14(12):737–41.

 25. Trahan J, Malouin F. Intermittent intensive physiotherapy in children with 
cerebral palsy: a pilot study. Dev Med Child Neurol. 2002;44(4):233–9. 
https:// doi. org/ 10. 1017/ s0012 16220 10020 06.

 26. Alternating Hemiplegia of Childhood Foundation. Intensive model of 
therapy (IMOT). Accessed 4 Nov 2022. http:// ahcki ds. org/ resou rces/ inten 
sive‑ model‑ of‑ thera py‑ imot/

 27. Hwu P, Wang A, Russell A, Turna J, Tai C. Early clinical improvements 
following treatment with eladocagene exuparvovec in patients with 
aromatic L amino acid decarboxylase deficiency. Poster presented at: 
International Symposium on Paediatric Movement Disorders; February 
9–11, 2022.

 28. Sakzewski L, Ziviani J, Boyd RN. Efficacy of upper limb therapies for 
unilateral cerebral palsy: a meta‑analysis. Pediatrics. 2014;133(1):e175‑204. 
https:// doi. org/ 10. 1542/ peds. 2013‑ 0675.

 29. Myrhaug H, Østensjø S, Larun L, Odgaard‑Jensen J, Jahnsen R. Intensive 
training of motor function and functional skills among young children 
with cerebral palsy: a systematic review and meta‑analysis. BMC Pediatr. 
2014;14:292. https:// doi. org/ 10. 1186/ s12887‑ 014‑ 0292‑5.

 30. Lillo‑Navarro C, Medina‑Mirapeix F, Escolar‑Reina P, Montilla‑Herrador J, 
Gomez‑Arnaldos F, Oliveira‑Sousa SL. Parents of children with physical 
disabilities perceive that characteristics of home exercise programs and 
physiotherapists’ teaching styles influence adherence: a qualitative study. 
J Physiother. 2015;61(2):81–6. https:// doi. org/ 10. 1016/j. jphys. 2015. 02. 014.

 31. Novak I. Parent experience of implementing effective home programs. 
Phys Occup Ther Pediatr. 2011;31(2):198–213. https:// doi. org/ 10. 3109/ 
01942 638. 2010. 533746.

 32. McCoy SW, Palisano R, Avery L, et al. Physical, occupational, and 
speech therapy for children with cerebral palsy. Dev Med Child Neurol. 
2020;62(1):140–6. https:// doi. org/ 10. 1111/ dmcn. 14325.

 33. Hall JB, Woods ML, Luechtefeld JT. Pediatric physical therapy telehealth 
and COVID‑19: factors, facilitators, and barriers influencing effectiveness‑
a survey study. Pediatr Phys Ther. 2021;33(3):112–8. https:// doi. org/ 10. 
1097/ pep. 00000 00000 000800.

 34. Cottrell MA, Galea OA, O’Leary SP, Hill AJ, Russell TG. Real‑time telereha‑
bilitation for the treatment of musculoskeletal conditions is effective and 
comparable to standard practice: a systematic review and meta‑analysis. 
Clin Rehabil. 2017;31(5):625–38. https:// doi. org/ 10. 1177/ 02692 15516 
645148.

 35. Piek JP. The contribution of spontaneous movements in the acquisition of 
motor coordination in infants. In: Glencross DJ, Piek JP, editors. Advances 
in psychology. North‑Holland; 1995. p. 199–230.

 36. WHO Motor Development Study. windows of achievement for six gross 
motor development milestones. Acta Paediatr Suppl. 2006;450:86–95. 
https:// doi. org/ 10. 1111/j. 1651‑ 2227. 2006. tb023 79.x.

 37. Abdel‑Rahman SA, Elsaied S, Elshamy M, Mohamed S, El‑Dien N. Effective‑
ness of play therapy on gross manual dexterity in children with hemipa‑
retic cerebral palsy. IJRAMR. 2022;6(2):4637–41.

 38. Pitroda N, Sethi J. The effect of play therapy over conventional therapy in 
improving the hand function of spastic diplegic cerebral palsy children. 
Indian J Physiother Occup Ther. 2008;2:8–15.

 39. Kratz SV. Sensory integration intervention: historical concepts, treat‑
ment strategies and clinical experiences in three patients with succinic 
semialdehyde dehydrogenase (SSADH) deficiency. J Inherit Metab Dis. 
2009;32(3):353–60. https:// doi. org/ 10. 1007/ s10545‑ 009‑ 1149‑1.

 40. Kantor J, Hlaváčková L, Du J, et al. The effects of Ayres sensory integration 
and related sensory based interventions in children with cerebral palsy: a 
scoping review. Children. 2022. https:// doi. org/ 10. 3390/ child ren90 40483.

https://www.brenda-enzymes.org/enzyme.php?ecno=4.1.1.28
https://www.brenda-enzymes.org/enzyme.php?ecno=4.1.1.28
https://doi.org/10.1016/j.ymgme.2019.03.009
https://doi.org/10.1016/j.ymgme.2019.03.009
https://doi.org/10.1186/s13023-016-0522-z
https://doi.org/10.1186/s13023-016-0522-z
https://doi.org/10.1212/WNL.0b013e3181e620ae
https://doi.org/10.1002/ana.10631
https://doi.org/10.1002/ana.10631
https://doi.org/10.1002/jimd.12247
https://doi.org/10.1002/jimd.12247
https://doi.org/10.1080/03007995.2021.1932449
https://doi.org/10.1080/03007995.2021.1932449
https://doi.org/10.3389/fneur.2022.919583
https://doi.org/10.3389/fneur.2022.919583
https://www.prnewswire.com/news-releases/upstaza-granted-marketing-authorization-by-european-commission-as-first-disease-modifying-treatment-for-aadc-deficiency-301589884.html#:~:text=Upstaza%20is%20the%20first%20approved,patients%2018%20months%20and%20older
https://www.prnewswire.com/news-releases/upstaza-granted-marketing-authorization-by-european-commission-as-first-disease-modifying-treatment-for-aadc-deficiency-301589884.html#:~:text=Upstaza%20is%20the%20first%20approved,patients%2018%20months%20and%20older
https://www.prnewswire.com/news-releases/upstaza-granted-marketing-authorization-by-european-commission-as-first-disease-modifying-treatment-for-aadc-deficiency-301589884.html#:~:text=Upstaza%20is%20the%20first%20approved,patients%2018%20months%20and%20older
https://www.prnewswire.com/news-releases/upstaza-granted-marketing-authorization-by-european-commission-as-first-disease-modifying-treatment-for-aadc-deficiency-301589884.html#:~:text=Upstaza%20is%20the%20first%20approved,patients%2018%20months%20and%20older
https://www.prnewswire.com/news-releases/upstaza-granted-marketing-authorization-by-european-commission-as-first-disease-modifying-treatment-for-aadc-deficiency-301589884.html#:~:text=Upstaza%20is%20the%20first%20approved,patients%2018%20months%20and%20older
https://www.prnewswire.com/news-releases/upstaza-gene-therapy-granted-marketing-authorization-for-aadc-deficiency-by-uks-mhra-301681531.html
https://www.prnewswire.com/news-releases/upstaza-gene-therapy-granted-marketing-authorization-for-aadc-deficiency-by-uks-mhra-301681531.html
https://www.prnewswire.com/news-releases/upstaza-gene-therapy-granted-marketing-authorization-for-aadc-deficiency-by-uks-mhra-301681531.html
https://doi.org/10.1016/j.ymthe.2021.11.005
https://doi.org/10.3109/01942630903517223
https://doi.org/10.3389/fneur.2022.795533
https://doi.org/10.3389/fneur.2022.795533
https://doi.org/10.3390/children8010025
https://doi.org/10.3390/children8010025
https://doi.org/10.1016/j.neubiorev.2018.09.024
https://doi.org/10.1016/j.neubiorev.2018.09.024
https://doi.org/10.1080/08098130409478114
https://doi.org/10.1080/08098130409478114
https://doi.org/10.1097/pep.0000000000000655
https://doi.org/10.1093/braincomms/fcab078
https://doi.org/10.1093/braincomms/fcab078
https://doi.org/10.1097/PEP.0b013e3181db8151
https://doi.org/10.1097/MRR.0b013e328332f617
https://doi.org/10.1097/MRR.0b013e328332f617
https://doi.org/10.1017/s0012162201002006
http://ahckids.org/resources/intensive-model-of-therapy-imot/
http://ahckids.org/resources/intensive-model-of-therapy-imot/
https://doi.org/10.1542/peds.2013-0675
https://doi.org/10.1186/s12887-014-0292-5
https://doi.org/10.1016/j.jphys.2015.02.014
https://doi.org/10.3109/01942638.2010.533746
https://doi.org/10.3109/01942638.2010.533746
https://doi.org/10.1111/dmcn.14325
https://doi.org/10.1097/pep.0000000000000800
https://doi.org/10.1097/pep.0000000000000800
https://doi.org/10.1177/0269215516645148
https://doi.org/10.1177/0269215516645148
https://doi.org/10.1111/j.1651-2227.2006.tb02379.x
https://doi.org/10.1007/s10545-009-1149-1
https://doi.org/10.3390/children9040483


Page 16 of 16Lee et al. Orphanet Journal of Rare Diseases           (2024) 19:17 

 41. Paleg GS, Smith BA, Glickman LB. Systematic review and evidence‑based 
clinical recommendations for dosing of pediatric supported standing 
programs. Pediatr Phys Ther. 2013;25(3):232–47. https:// doi. org/ 10. 1097/ 
PEP. 0b013 e3182 99d5e7.

 42. Bunge LR, Davidson AJ, Helmore BR, et al. Effectiveness of powered 
exoskeleton use on gait in individuals with cerebral palsy: a systematic 
review. PLoS ONE. 2021;16(5): e0252193. https:// doi. org/ 10. 1371/ journ al. 
pone. 02521 93.

 43. Marrades‑Caballero E, Santonja‑Medina CS, Sanz‑Mengibar JM, Santonja‑
Medina F. Neurologic music therapy in upper‑limb rehabilitation in 
children with severe bilateral cerebral palsy: a randomized controlled 
trial. Eur J Phys Rehabil Med. 2018;54(6):866–72. https:// doi. org/ 10. 23736/ 
s1973‑ 9087. 18. 04996‑1.

 44. Champagne D, Dugas C. Improving gross motor function and postural 
control with hippotherapy in children with Down syndrome: case 
reports. Physiother Theory Pract. 2010;26(8):564–71. https:// doi. org/ 10. 
3109/ 09593 98100 36236 59.

 45. Huguet‑Rodríguez M, Arias‑Buría JL, Huguet‑Rodríguez B, Blanco‑Barrero 
R, Braña‑Sirgo D, Güeita‑Rodríguez J. Impact of aquatic exercise on res‑
piratory outcomes and functional activities in children with neuromus‑
cular disorders: findings from an open‑label and prospective preliminary 
pilot study. Brain Sci. 2020. https:// doi. org/ 10. 3390/ brain sci10 070458.

 46. Crocker LD, Heller W, Warren SL, O’Hare AJ, Infantolino ZP, Miller GA. 
Relationships among cognition, emotion, and motivation: implications 
for intervention and neuroplasticity in psychopathology. Front Hum 
Neurosci. 2013;7:261. https:// doi. org/ 10. 3389/ fnhum. 2013. 00261.

 47. Braver TS, Krug MK, Chiew KS, et al. Mechanisms of motivation‑cognition 
interaction: challenges and opportunities. Cogn Affect Behav Neurosci. 
2014;14(2):443–72. https:// doi. org/ 10. 3758/ s13415‑ 014‑ 0300‑0.

 48. Beukelman DR, Light JC. Augmentative and alternative communication 
processes for children and adults with complex communication needs. 
Augmentative & Alternative Communication. Paul Brookes; 2020. p. 3–15.

 49. TalkTools. What is OPT? Accessed 4 Nov 2022. https:// talkt ools. com/ 
pages/ what‑ is‑ opt#: ~: text= Oral% 20Pla cement% 20The rapy% 20is% 
20a,with% 20pla cement% 20and% 20mov ement% 20defi cits

 50. Gosa MM, Dodrill P, Lefton‑Greif MA, Silverman A. A multidisciplinary 
approach to pediatric feeding disorders: roles of the speech‑language 
pathologist and behavioral psychologist. Am J Speech Lang Pathol. 
2020;29(2s):956–66. https:// doi. org/ 10. 1044/ 2020_ ajslp‑ 19‑ 00069.

 51. Skrobanski H, Williams K, Werner C, O’Neill S, Buesch K, Acaster S. The 
impact of caring for an individual with aromatic l‑amino acid decarboxy‑
lase (AADC) deficiency: a qualitative study and the development of a 
conceptual model. Curr Med Res Opin. 2021;37(10):1821–8. https:// doi. 
org/ 10. 1080/ 03007 995. 2021. 19556 68.

 52. Centers for Disease Control and Prevention. Concerned about your childs 
development? Accessed 4 Nov 2022. https:// www. cdc. gov/ ncbddd/ 
actea rly/ conce rned. html

 53. Ontario. Infant child development program. Accessed 4 Nov 2022. 
https:// www. ontar io. ca/ page/ infant‑ child‑ devel opment‑ progr am

 54. Ontario. Children with special needs. Accessed 4 Nov 2022. https:// www. 
ontar io. ca/ page/ child ren‑ speci al‑ needs

 55. British Columbia. Early childhood intervention programs. Accessed 
4 Nov 2022. https:// www2. gov. bc. ca/ gov/ conte nt/ health/ manag 
ing‑ your‑ health/ child‑ behav iour‑ devel opment/ asses sing‑ child‑ devel 
opment‑ 38610

 56. Kuo HT, Muo CH, Chang YT, Lin CK. Change in prevalence status for 
children with developmental delay in Taiwan: a nationwide population‑
based retrospective study. Neuropsychiatr Dis Treat. 2015;11:1541–7. 
https:// doi. org/ 10. 2147/ ndt. S84088.

 57. Adolph KE, Franchak JM. The development of motor behavior. Wiley 
Interdiscip Rev Cogn Sci. 2017. https:// doi. org/ 10. 1002/ wcs. 1430.

 58. O’Donnell M. HIP surveillance: bottom line ‘evidence‑informed’ recom‑
mendations for the HIP surveillance in individuals with cerebral palsy. 
2017. Accessed 4 Nov 2022. https:// www. aacpdm. org/ UserF iles/ file/ hip‑ 
surve illan ce‑ care‑ pathw ay. pdf. 2017; p. 1–3.

 59. Findley PA. Social work practice in the chronic care model: chronic illness 
and disability care. J Soc Work. 2014;14(1):83–95. https:// doi. org/ 10. 1177/ 
14680 17313 475381.

 60. Bergman AS, Lewiston NJ, West AM. Social work practice and chronic 
pediatric illness. Soc Work Health Care. 1979;4(3):265–74. https:// doi. org/ 
10. 1300/ J010v 04n03_ 02.

 61. Jones K, Hawke F, Newman J, et al. Interventions for promoting physical 
activity in people with neuromuscular disease. Cochrane Database Syst 
Rev. 2021;5(5):Cd013544. https:// doi. org/ 10. 1002/ 14651 858. CD013 544. 
pub2.

 62. Leuzzi V, Mastrangelo M, Polizzi A, et al. Report of two never treated adult 
sisters with aromatic L‑amino acid decarboxylase deficiency: a portrait of 
the natural history of the disease or an expanding phenotype? JIMD Rep. 
2015;15:39–45. https:// doi. org/ 10. 1007/ 8904_ 2014_ 295.

 63. Bailes AF, Reder R, Burch C. Development of guidelines for determining 
frequency of therapy services in a pediatric medical setting. Pediatr Phys 
Ther. 2008;20(2):194–8. https:// doi. org/ 10. 1097/ PEP. 0b013 e3181 728a7b.

 64. Academy of Pediatric Physical Therapy. Intensity of service in an outpa‑
tient setting for children with chronic conditions: fact sheet. American 
Physical Therapy Association. 2012.

 65. American Physical Therapy Association. Standards of practice for physical 
therapy: fact sheet. 2020. American Physical Therapy Association.

 66. Folio MR, Fewell RR. Peabody developmental motor scales: Examiner’s 
Guide. 2nd ed. Pro‑Ed; 2000.

 67. Provost B, Heimerl S, McClain C, Kim NH, Lopez BR, Kodituwakku P. 
Concurrent validity of the Bayley Scales of Infant Development II Motor 
Scale and the Peabody Developmental Motor Scales‑2 in children with 
developmental delays. Pediatr Phys Ther. 2004;16(3):149–56. https:// doi. 
org/ 10. 1097/ 01. Pep. 00001 36005. 41585. Fe.

 68. Piper M, Darrah J, eds. Alberta Infant Motor Scale: construction of a motor 
assessment tool for the developing infant. In: Motor assessment of the 
developing infant. Saunders; 1994, p. 25–35

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1097/PEP.0b013e318299d5e7
https://doi.org/10.1097/PEP.0b013e318299d5e7
https://doi.org/10.1371/journal.pone.0252193
https://doi.org/10.1371/journal.pone.0252193
https://doi.org/10.23736/s1973-9087.18.04996-1
https://doi.org/10.23736/s1973-9087.18.04996-1
https://doi.org/10.3109/09593981003623659
https://doi.org/10.3109/09593981003623659
https://doi.org/10.3390/brainsci10070458
https://doi.org/10.3389/fnhum.2013.00261
https://doi.org/10.3758/s13415-014-0300-0
https://talktools.com/pages/what-is-opt#:~:text=Oral%20Placement%20Therapy%20is%20a,with%20placement%20and%20movement%20deficits
https://talktools.com/pages/what-is-opt#:~:text=Oral%20Placement%20Therapy%20is%20a,with%20placement%20and%20movement%20deficits
https://talktools.com/pages/what-is-opt#:~:text=Oral%20Placement%20Therapy%20is%20a,with%20placement%20and%20movement%20deficits
https://doi.org/10.1044/2020_ajslp-19-00069
https://doi.org/10.1080/03007995.2021.1955668
https://doi.org/10.1080/03007995.2021.1955668
https://www.cdc.gov/ncbddd/actearly/concerned.html
https://www.cdc.gov/ncbddd/actearly/concerned.html
https://www.ontario.ca/page/infant-child-development-program
https://www.ontario.ca/page/children-special-needs
https://www.ontario.ca/page/children-special-needs
https://www2.gov.bc.ca/gov/content/health/managing-your-health/child-behaviour-development/assessing-child-development-38610
https://www2.gov.bc.ca/gov/content/health/managing-your-health/child-behaviour-development/assessing-child-development-38610
https://www2.gov.bc.ca/gov/content/health/managing-your-health/child-behaviour-development/assessing-child-development-38610
https://doi.org/10.2147/ndt.S84088
https://doi.org/10.1002/wcs.1430
https://www.aacpdm.org/UserFiles/file/hip-surveillance-care-pathway.pdf.%202017
https://www.aacpdm.org/UserFiles/file/hip-surveillance-care-pathway.pdf.%202017
https://doi.org/10.1177/1468017313475381
https://doi.org/10.1177/1468017313475381
https://doi.org/10.1300/J010v04n03_02
https://doi.org/10.1300/J010v04n03_02
https://doi.org/10.1002/14651858.CD013544.pub2
https://doi.org/10.1002/14651858.CD013544.pub2
https://doi.org/10.1007/8904_2014_295
https://doi.org/10.1097/PEP.0b013e3181728a7b
https://doi.org/10.1097/01.Pep.0000136005.41585.Fe
https://doi.org/10.1097/01.Pep.0000136005.41585.Fe

	A position statement on the post gene-therapy rehabilitation of aromatic I-amino acid decarboxylase deficiency patients
	Abstract 
	Background
	Main text
	Therapy needs and considerations
	Intensive and inpatient physical therapy
	In-home therapy
	Therapy to facilitate active movements
	Age-appropriate experiences and functional use of active movements
	Incorporating play into rehabilitation
	Sensory integration therapy and sensory-based intervention
	Assistive technology

	Supplemental forms of therapy
	Aquatic therapy
	Hippotherapy
	Music therapy

	Cognitive and communication training
	Additional considerations for developing a post-gene therapy treatment program
	Public therapy services
	Dyskinesia
	Regular orthopedic follow-up
	Cross-functional collaboration following gene therapy

	Caregiver involvement in post-treatment therapy
	Recommendations for post-treatment physical therapy regimen

	Conclusions
	Acknowledgements
	References


