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AGREEMENT ON THE PROTOCOL

By signing below, I confirm that:

1. I have read this protocol and it contains all necessary details for conducting this 
study

AND

2. I agree to conduct the trial in compliance with this protocol and to adhere to all 
regulations that govern the conduct of the study.

        Principal Investigator’s Printed Name

Principal Investigator’s Signature              Date

Clinical Performance Site Name
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STATEMENT OF COMPLIANCE

The I-ACQUIRE trial will be carried out in accordance with International Conference on Harmonization 
Good Clinical Practice (ICH GCP) and the following: 

• United States (US) Code of Federal Regulations (CFR) applicable to clinical studies (45 CFR Part 
46, 21 CFR Part 50, 21 CFR Part 56, 21 CFR Part 312, and/or 21 CFR Part 812) 

National Institutes of Health (NIH)-funded investigators and clinical trial site staff who are responsible for 
the conduct, management, or oversight of NIH-funded clinical trials have completed Human Subjects 
Protection and ICH GCP Training.

The protocol, informed consent form(s), recruitment materials, and all participant materials will be 
submitted to the common (single) Institutional Review Board (IRB) for review and approval.  Approval of 
both the protocol and the consent form must be obtained before any participant is enrolled.  Any 
amendment to the protocol will require review and approval by the IRB before the changes are 
implemented to the study.  In addition, all changes to the consent form will be IRB-approved; a 
determination will be made regarding whether a new consent needs to be obtained from participants who 
provided consent, using a previously approved consent form.
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1 PROTOCOL SUMMARY

1.1 SYNOPSIS 
Title: Perinatal Arterial Stroke: A Multi-site RCT of Intensive Infant 

Rehabilitation (I-ACQUIRE)

Study Description: This is a Phase III clinical trial to compare the efficacy of two dosages 
of a new infant rehabilitation protocol - I-ACQUIRE - to usual and 
customary forms of infant rehabilitation in infants who experienced 
Perinatal Arterial Ischemic Stroke (PAIS).

Objectives: 1) Determine the efficacy of I-ACQUIRE at 2 dosage levels compared 
to Usual and Customary Treatment (U&CT) to increase upper 
extremity skills on the hemiparetic side.
2) To determine the efficacy of I-ACQUIRE at 2 dosage levels 
compared to U&CT to improve use of the hemiparetic upper extremity 
in bimanual activities.
3) To explore the association between I-ACQUIRE treatment at 
Moderate and High Doses and gross motor development and 
cognition (i.e., cross domain effects of treatment)

Endpoints: End of Treatment and 6 mos. Post-Treatment

Study Population: Infants with Perinatal Arterial Ischemic Stroke between 8 and 36 mos. 
of age.

Phase: Phase III Clinical Trial

Description    of 
Sites/Facilities 
Enrolling 
Participants:

10 are NINDS StrokeNet sites, 2 are outside clinical sites

Description of Study 
Intervention:

I-ACQUIRE is an innovative form of intensive pediatric rehabilitation 
that includes core elements of pediatric Constraint-Induced 
Movement Therapy with supplement components of bimanual and 
whole body motor activities and a parent home program, delivered in 
natural settings. Previous smaller-scale trials showed high safety, 
acceptability, treatment compliance, and both statistically and 
clinically significant benefits.

Study Duration: Study period is 5 years with enrollment open approximately 6 months 
into Year 1 through Year 5.

Participant Duration: Participants will be involved for a minimum of 7 months and up to 13 
months (depending on scheduling of the treatment month). 
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1.2 SCHEMA

Rolling 
Enrollment

Total N: 240 Obtain parent permission/informed consent. Screen potential 
participants by inclusion and exclusion criteria; obtain medical and treatment 

history and confirmatory clinical MRIs

Randomize

I-ACQUIRE 
High Dose

I-ACQUIRE 
Medium Dose

Usual & 
Customary 
Treatment

Perform baseline assessments

Return for baseline assessment visit and continue to meet eligibility requirements? 

I-ACQUIRE 
High Dose

N = 80

I-ACQUIRE 
Medium Dose

N = 80

Usual & 
Customary 
Treatment

N = 80

Participants receive assigned treatment intervention for 4 consecutive weeks

Perform end of treatment assessments

Perform 6 mos. Post-Treatment Assessments (± 1 week)
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1.3 SCHEDULE OF ACTIVITIES (SOA)

Procedures
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Informed Consent X
Demographics and eligibility 
criteria X

Clinic MRI requested X
Randomization to Tx groups X
Neurology Exam

- Medical & Tx History
- Pediatric Stroke 
Outcome Measure

X
X

Gross Motor Functional 
Classification Scale X

Mini-MACS Rating1 X
Emerging Behaviors Scale 
(EBS) X X X

Mini-AHA X X X
Bayley-4 X X X
GMFM-66 X X X
I-MAL X X X
MacArthur-Bates 
Communicative Development 
Inventories

X X X

Perceived Stress Scale -14 X X X
Parent Report of Other Life 
and Treatment Stressors X X X

Parent Report of Therapy X X X
Parent-Therapist Relationship 
Tool (Information Exchange) X

Treatment Delivered and 
Fidelity Measured X

Parent Council Survey about 
Study Participation X

Corona Virus Pandemic: 
Impact on families enrolled in 
I-ACQUIRE

X X

DNA sample collection X X2

Adverse Event Review and 
Evaluation                              X>>>>>>>>>>>>>>>>>>>>>>>>>>>>>X

¹If subject is less than 12 months, the Mini-MACS rating will be completed at the End of Treatment Assessment 
or 6 mos. Post-Treatment Assessment when the child becomes age-eligible for this rating scale.
2Repeat DNA sample can be collected if first DNA sample quality was not sufficient.
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2 INTRODUCTION

2.1 STUDY RATIONALE 

Perinatal Arterial Ischemic Stroke (PAIS) and the need for efficacious rehabilitation for infants. 
Perinatal Arterial Ischemic Stroke (PAIS) involves cerebral infarction caused by arterial thrombosis or embolism. 
PAIS diagnosis can occur in the first 28 days of life (Neonatal Arterial Ischemic Stroke [NAIS]) or in utero 
(Presumed Prenatal Arterial Ischemic Stroke [PPAIS]).1-5 In the neonatal period, common signs of a stroke are 
seizures, encephalopathy, and/or hypotonia.5 Since these signs can occur in CNS infection, hypoxic-ischemic 
encephalopathy, and inborn errors of metabolism, neuroimaging is critical to verify stroke.1 MRI brain scanning 
is the most valid method to confirm acute ischemic stroke (ultrasound and CT scan are not sensitive to acute 
ischemic change).1 In older infants, delayed development or noticeable problems with voluntary movement can 
lead to a diagnosis of PPAIS which also requires a confirmatory MRI. PAIS is a serious event that can produce 
lifelong severe impairments: hemiparesis is the most prevalent.30-33 Incidence of PAIS is surprisingly high: about 
1 in 115011,8  live births, even higher than adult large vessel ischemic stroke incidence.5,12

There is no or only weak evidence of efficacy for the disparate rehabilitation approaches widely used to treat 
infants with PAIS.9,13-15 Most commonly, infants with hemiparetic PAIS receive 1 – 3 hrs per week of individualized 
occupational and/or physical therapy, often not further specified13,14,21,34 A comprehensive review35 of treatments 
in cerebral palsy (CP) concluded that “the lack of certain efficacy evidence for large proportions of the 
interventions in use within standard care is a problem” and “alarmingly, another 20% are ineffectual, 
unnecessary, or harmful.” (Note: children with PAIS and hemiparesis meet diagnostic criteria for CP.36) Further, 
Novak et al35 identified constraint-induced movement therapy (CIMT) as the treatment with the strongest 
scientific evidence and largest effect sizes in improving motor skills and function. Accordingly, many therapists 
and parents now try to implement some form of CIMT, often with doses 50% – 80% lower than those shown to 
produce benefits for older children with CP38-43 and little evidence that essential operant conditioning techniques 
are used systematically to elicit and shape new upper extremity (UE) skills (see Box A). Of urgent concern is 
the absence of findings from adequately powered randomized controlled trials (RCTs) about the efficacy of CIMT 
for infants under 2 yrs old. (Three RCTs for infants with hemiplegic CP are underway; two outside the U.S. 
involve very low therapy doses; Baby CHAMP, funded by NIH, uses ACQUIRE.) Independent review13 of other 
forms of infant interventions concluded that most are ineffective, although some yield small magnitude short-
term benefits. Additionally, no RCT of CIMT has focused on patients with a diagnosis of PAIS. These knowledge 
gaps matter: i) infants, compared to older children, differ in attention span, motor development, and learning 
modes and may require age-adapted techniques and different dosages of CIMT; and ii) infants with PAIS likely 
differ from a heterogeneous CP population in terms of underlying CNS injury and potential for functional brain 
plasticity.44-49

Box A: Overview of Operant Conditioning (core feature of CIMT and I-ACQUIRE): Operant conditioning (or instrumental 
learning) refers to learning promoted by specific behavioral techniques informed by a century of empirical research.50-55To 
promote and maintain learning, response-contingent feedback is essential – i.e., showing that a behavior results in clear 
consequences. Operant conditioning in rehabilitation uses varied reinforcers and reinforcement schedules; shapes targeted 
behaviors through a process known as successive approximations; creates opportunities for massed and distributed 
practice of new skills; and employs methods to increase generalization and maintenance of new skills in different settings 
and activities. Extensive research has identified many effective operant conditioning parameters unique to infants (e.g., 
reward timing, spacing, specificity).14,16,53  I-ACQUIRE explicitly uses these. 

Biological relevance of the proposed clinical trial. Converging evidence from studies on animals, adult 
stroke patients, and older children with CP affirms that CIMT approaches can produce significant and enduring 
gains in upper extremity (UE) skills used in uni- and bimanual activities.35,56-58 Further, CIMT has produced 
evidence of altered brain structure and function (i.e., treatment-induced neuroplasticity)43,48,59-63 

Infants and adults with stroke differ in many ways.64 To begin, infants do not yet have a full repertoire of UE 
skills, so after stroke they are not “recovering” lost skills. Although healthy infants and those with hemiparesis 
learn through daily trial-and-error learning, those with hemiparesis must exert greater effort in voluntary use of 
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their hemiparetic UE.65 Even with effort, they often experience frustration and failure due to poorly controlled, ineffective 
movements. Over time, they are likely to neglect their hemiparetic UE.21,66 Finally, families struggle about how 
best to help their infants.67-69 Clinicians describe the stroke brain damage as “permanent and static” and often 
tell parents to expect delays in motor milestones (e.g., crawling, standing, walking), self-help skills, language, 
and cognitive competence. This clinical portrayal of PAIS can become self-fulfilling if adults do not expect a child 
to show major improvement in neuromotor (or other) skills.  

Our team has been instrumental in developing and testing pediatric CIMT since 1998. We have new findings 
about CIMT that inform this proposed Phase III trial of a “signature form” of CIMT known as Infant ACQUIRE (I-
ACQUIRE). Extrapolating from results of CIMT-induced CNS change in older children and adults,43,59-62 we 
reason that I-ACQUIRE may exert biological effects by: 1) applying continuous constraint to the non-hemiparetic 
UE which helps direct attention to the hemiparetic side and may lower competing sensory-motor input from the 
non-hemiparetic UE; 2) reducing frustration and fatigue that can compete with success in voluntary control. As 
the infant acquires new skills and ease in controlling the hemiparetic side, he/she experiences less of the 
negativity that previously impeded voluntary control; and 3) increasing the number of new and practical UE skills 
(both uni- and bimanual) which may stimulate synaptic growth and efficient neuronal pruning to help improve 
brain laterality and maturation in the primary and secondary motor cortices and corticospinal tracts.70-75 Emerging 
new UE skills foster successes the infant had not previously experienced; in turn, the infant becomes more likely 
to attempt new and more complex UE skills. UE skills also are integral to balance, postural changes, and mobility 
(rolling, sitting, crawling, scooting, walking) and facilitate bimanual activities used in object manipulation and self-
help. In theory, without efficacious rehabilitation, an infant with PAIS and hemiparesis is likely to display major 
deficiencies in basic UE skills which may impede development of competencies in other domains of 
development, such as gross motor and cognitive development.
Potential Impact. Findings from this Phase III trial have the potential to transform clinical rehabilitation for an 
estimated >3000 infants/year with PAIS in the U.S and >64,500/year worldwide. Many infants with PAIS 
experience multi-domain impairment.9,76,77 For infants with NAIS, 64% later have intellectual disabilities, delayed 
language, and/or social-emotional problems.4 This leads to high lifelong costs related to their rehabilitation, 
special education, health care, and lack of adult self-sufficiency.29,78 If I-ACQUIRE proves efficacious in producing 
significant and enduring gains in UE skills on the hemiparetic side (primary efficacy outcome) and improving 
bimanual UE skills (secondary efficacy outcome), then these infants are more likely to engage in age-typical 
activities that promote development of greater independence and success in a wide array of daily activities. 
Further, I-ACQUIRE benefits have the potential to prevent common secondary conditions – particularly 
musculoskeletal contractures, pain, and social stigma as children become older.79 If efficacious, I-ACQUIRE may 
result in large cost savings and physical and psychological burden on families. In fact, the apparent high cost of 
60 hrs or 120 hrs of I-ACQUIRE over 4 wks is less than current costs for a year of most forms of Usual and 
Customary Treatment (U&CT) provided at low weekly dosages all year (without evidence of benefits).35 Data 
generated by this trial will be well-suited to support future cost:benefit analyses if the treatment is successful. 
Because of the potential high impact on families, we propose to actively engage parents and advocacy 
organizations in the trial.80,81 This supports the NIH and IOM goal of including patient and stakeholder 
perspectives in conducting “rapid, responsive, relevant” clinical research.”19,20

2.2 BACKGROUND 
Early protocol development and differences from adult CIMT. We developed our treatment protocol via 

multiple RCTs and clinical studies, starting with an infant with severe asymmetrical CP (Phase I trial).82 Results 
showed high safety, feasibility, and evidence of large gains in fine and gross motor skills. The treatment protocol 
was informed by Stephanie DeLuca’s decade of research experience with adult CIMT (including launch of the 
EXCITE trial57,83,84, Sharon and Craig Ramey’s 40+ years of developing and testing interventions for children 
with developmental disabilities and biosocial risk conditions, and research and clinical insights from other 
colleagues. Our new pediatric CIMT protocol (later named ACQUIREc) included the 3 required core elements of 
CIMT:16-18 1) constraint of the non-hemiparetic UE, 2) high therapy dosage, and 3) operant conditioning (see 
Box A, above). We also innovated many CIMT protocol changes for a pediatric patient population:

1) Type of constraint: we constrain the non-hemiparetic UE via a full-arm, lightweight cast worn 
continuously for 3.5 of 4 treatment weeks (in contrast to a hand mitt or splint that provides only partial 
constraint). We reasoned that very young children, unlike adults, would benefit from continuous 
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constraint that limits use of their non-hemiparetic UE, theoretically reduces competing sensory-motor 
input, and may promote shifting their attention to use of the hemiparetic UE. We coined the term 
“developmental disregard”21,66 to characterize neglect of the hemiparetic UE that many (but not all) 
infants with hemiparesis show. Overcoming this developmental disregard is similar to adults with stroke 
overcoming “learned non-use”85 of the hemiparetic UE. Initially, we did not know if the cast would create 
safety problems (e.g., falling, skin damage), high stress for children or parents, or loss of skills in the 
casted UE; thus, we closely monitored for safety effects (and still do so). Findings consistently show high 
safety, minimal or no short-term stress, and no functional loss to the casted UE (which sometimes shows 
unexpected improvement).26,66,86

2) Treatment activities and reinforcers are individualized. Rather than administer a standard set of treatment 
activities (as in most forms of adult CIMT), we select activities and reinforcers tailored to each child. These 
become the basis for motivating, eliciting, then shaping new and improved UE skills and general body 
movements. Very young children learn and remember best when they self-initiate and engage in enjoyable, 
useful activities (cf. classic research by Vygotsky, Piaget, Bijou, and Baer, among others51,55,87).

3) Treatment goals go beyond improving isolated upper extremity (UE) skills, including bimanual and total 
body skills. For infants and toddlers, voluntary control of both UEs affects weight bearing, changing positions, 
balance, sitting, standing, and mobility.14,88 Accordingly, I-ACQUIRE explicitly addresses bimanual behaviors and 
total body behaviors, in contrast to CIMT for adults and older children that focuses primarily on wrist, hand, and 
finger movements. 

4) Parents are included in treatment planning and home-based practice during non-therapy hours. Parents 
naturally want to encourage and teach their children; however, parents of infants with PAIS may lack the 
specialized knowledge needed to induce new UE skills in their child with PAIS. Because parents can be 
successful “therapy-extenders,” we developed and include a formal parent “home” component that improves 
parental knowledge, skills, and confidence, while minimizing frustration, ineffective approaches, or potential 
harm. 

5) Treatment occurs in a natural setting (e.g., home, childcare, early intervention setting). This is based on 
extensive findings that children are more likely to transfer and maintain new skills when they learn these in their 
home or natural settings. One RCT of CIMT showed significant benefits of a home vs clinic setting.89 

6) Sessions are designed to be interesting and enjoyable, an essential for high-dose therapy sessions. 
Adults who lose UE skills after stroke are highly motivated to regain skills. In contrast, a very young child cannot 
know the value of new UE skills, so the therapist must motivate the child to try new behaviors. Because learning 
new skills with the hemiparetic UE requires high effort and often produces frustration and fatigue (at least initially), 
the I-ACQUIRE sessions are designed to be play-like, interesting, and highly rewarding to the child.14

Findings from clinical trials of ACQUIREc and new evidence about I-ACQUIRE.
STUDY 1A.21 In 1999, we launched the first RCT of pediatric CIMT (Phase II) with 18 children (2 - 8 yrs old) 

with hemiparetic CP. We developed the Emerging Behaviors Scale (EBS)21 to provide a valid, reliable measure 
of a child’s repertoire of skills with the hemiparetic UE. We identified a core set of 30 UE “essential skills” by 
reviewing i) standardized tools for assessing fine and gross motor function in typically developing children and 
those with neuromotor impairment and ii) research findings about the developmental emergence of UE skills in 
the first 2 yrs of life. We adapted the Motor Activity Log85 from adult stroke CIMT research to create a Pediatric 
Motor Activity Motor Log (PMAL).21 FINDINGS: Parents of all eligible patients agreed to participate (100% 
acceptance). There were no adverse events. All children completed treatment as planned: there was 100% 
compliance with the 6 hrs/day High Dose of CIMT for 21 consecutive days. (Later, we shifted to 5 days/wk X 4 
wks based on preferences of both parents and therapists.) During weekly cast removal, we detected minor skin 
irritations in 4 children - all readily treated with topical medicine and cast adjustment. The casted UE had no 
functional loss. The primary outcome (blinded assessment) showed CIMT led to a mean increase on the EBS of 
9.3 new skills (ranging from 7 to 12), compared to only 2.3 new skills for controls (Figure 1, next page). Parent 
PMAL ratings of treated children for Amount of Use had a baseline mean of 0.8 and post-treatment mean of 2.8 
(0 – 5 scale); for Quality of Movement, baseline mean was .9 and post-treatment mean was 2.7 (0 – 5 scale).

STUDY 1B.66 Next, we conducted a crossover study in which the U&CT subjects received the identical CIMT 
protocol to test for replicability. FINDINGS: Crossover treatment produced similar results about safety, treatment 
acceptability, compliance, and outcomes (Figure 1). At 6 mos. post-treatment, subjects maintained or improved 
both their EBS scores and PMAL gains. Finally, some children showed “spillover effects” (i.e., changes in 
domains not designated as treatment goals): some began speaking and/or walking, improved their social skills, 
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and/or had fewer behavior problems. This strongly stimulated our interest in cross-domain effects.26, 88, 90-92

STUDY 2.93,94 Next, we created a 3-site research network to determine whether we could train therapists at 
multiple sites to deliver ACQUIREc in a standardized way; if so, would we replicate treatment effects? We also 
explored whether a lower dose could produce significant gains. Children (2 – 8 yrs) with hemiparetic CP were 
randomly assigned (6 per site) to receive either 3 hrs or 6 hrs/day of ACQUIREc for 5 days/wk X 4 wks. 
FINDINGS: We were able to train therapists to deliver ACQUIREc with high treatment fidelity in diverse clinical 
sites. (NB: One site created a homelike treatment setting in the clinic.) All children quickly adjusted to the cast 
and received their full treatment dose. The 3 and 6 hr doses produced highly comparable benefits, although the 
small sample size precluded a statistically reliable conclusion. These results justify further testing of the 3-hr 
Moderate Dose as a promising alternative to the 6-hr High Dose. In Study 2, we used the newly available 
Assisting Hand Assessment (AHA)22 to measure use of the hemiparetic UE as a “helping hand” in bimanual 
activities. AHA scores showed a mean treatment effect size of 0.63. Parent PMAL ratings had a mean effect size 
of 0.71. Only one child (severely dystonic) showed no benefits. 

STUDY 3.26 Our colleagues then adapted a Moderate Dose ACQUIREc (3-hr daily sessions X 20 days) to 
test safety, feasibility, and outcome effects in infants and toddlers (7 – 18 mos) with hemiparetic CP. Primary 
outcomes were Bayley-III Fine Motor and Gross Motor scores and the Infant Motor Activity Log (IMAL), an infant 
version of PMAL. FINDINGS: All 5 treated infants adjusted well to the cast; 1 developed a minor blister; none 
lost function in the casted UE. Unexpectedly, the casted UE showed improvement – reported also by others. 
Treated infants had significant gains on both the Fine Motor and Gross Motor subtests at end of treatment, and 
had increased gains one month later. The parent IMAL ratings show increases for 4 of 5 infants; the one infant 
with no IMAL gains had severe cognitive delay.

STUDY 4.95 This Phase II study was a clinic-based cohort study of 88 children (2 - 8 yrs) with asymmetrical 
CP (significantly greater weakness or impairment on one side of the body; most children were diagnosed as 
hemiparetic, others as tri- or quadriplegic) who received the 6-hr High Dose of ACQUIREc at 2 university 
research clinics (UAB, Virginia Tech). FINDINGS: Results showed high safety, 100% treatment compliance, and 
no adverse events. ACQUIREc produced significant baseline to post-treatment changes comparable to (and 
sometimes >) similar age children in Studies 1A/B and 2. On the EBS (Figure 1), children increased a mean of 
10.7 new skills after ACQUIREc treatment.

STUDY 5A.96 This Phase II study was a clinic-based cohort series of 27 infants and toddlers (7 - 24 mos) 
treated with the I-ACQUIRE High Dose and assessed with the EBS, PMAL, and other tools. (NB: the Mini AHA 
and Bayley-III, proposed for the Phase III I-ACQUIRE study, were not yet available). FINDINGS: All children 
received the full treatment dose; 27% had minor, easily treated skin irritations; none lost function in the casted 
UE. Infants showed a mean gain of 12.1 EBS skills (p<.0001), somewhat higher than Study 1A/B. Further, 25 of 
the 27 infants gained at least 7 new skills, representing what we propose comprises a clinically significant change 
in the infant’s abilities (Figure 1). These large EBS gains predicted infants becoming more active in object 
exploration, self-help skills, and mobility. Mean increases were 2.1 for PMAL Quality of Movement and 1.8 for 
PMAL Amount of Use. Examples of clinically meaningful changes that emerged after 4 wks of I-ACQUIRE and 
were highly valued by parents included 7 infants who began crawling, 5 who learned to pull to stand, 5 who 
started walking, and 2 who began to climb stairs. 

STUDY 5B. This is a post hoc subgroup analysis 
of the 8 infants in Study 5A who had a primary diagnosis 
of early infant stroke. On the EBS, their mean 
improvement was a gain of 11.3 new EBS skills by the 
end of 4 wks of I-ACQUIRE treatment (Figure 1.) 

Cross-study comparison of changes on the 
Emerging Behaviors Scale in Figure 1. EBS 
outcomes combined across studies show statistically 
significant mean EBS gains of 9.9 new UE skills. For 
Study 1A, the mean EBS gain of 9.3 skills for treated 
subjects was >4 times the U&CT mean gain of 2.3 new 
skills. After the U&CT subjects received ACQUIREc, 
their EBS scores showed a gain of 8.4 skills. 

What comprises U&CT? In our studies, all 
patients were receiving U&CT when enrolled. The 
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mean U&CT dosage has been fairly stable for 2 decades – about 2. 2 hrs/wk (range of 1 to 3 hrs/wk) of OT/PT. 
The U&CT content was remarkably similar across patients, often described as an individualized therapy that 
combines motor learning, sensory integration therapy, neurodevelopmental therapy (NDT), and play techniques. 
More recently, up to 25% of the patients enrolled in our ongoing RCTs had some form of modified CIMT 
previously; this seldom met minimal criteria to qualify as evidence-based CIMT – that is, having the 3 CIMT core 
elements of i) high dosage (>2 hrs/day for at least 10 days within 2 wks), ii) active shaping and repetitive practice 
of UE skills, and iii) use of constraint. Examples of non-evidence-based or insufficient forms of CIMT are: 1 hr of 
therapy/wk with constraint and parent practice of 15 – 30 min/ day; 2 90-min sessions/wk for 6 wks using a hand 
mitt; and parents applying their own constraint. For this revised application, we asked clinical sites about the 
forms and dosages of typical U&CT: mostly, infants receive one or two 60-min sessions of OT and/or PT/wk in 
a community or hospital clinic or during a home visit. The U&CT therapy is described as a combination of 
techniques and the goals are individualized. Almost never is the content or therapeutic approach documented in 
detail. Many also receive speech therapy. Thus, the range in U&CT is relatively modest in dosage and content 
(therapy approach) with the caveat that some sites provide “modified CIMT.”  
   Establishing a valid and reliable threshold for clinically meaningful benefits of treatment. Recently, our 
team proposed a systematic approach to estimate clinically meaningful gains, a relatively new endeavor in 
pediatric rehabilitation. First, we looked at approaches used in other rehabilitation trials (mostly adults).97-99 Next, 
we studied available EBS data for individual subjects in Phase I and II trials and our clinical database, along with 
other outcome measures, including therapist and parent ratings and observations. We examined a variety of 
thresholds, to understand whether there was an amount of gain (either an absolute number of new skills or a 
percent improvement score) that correctly differentiated patients whose parents and therapists did or did not 
consider their outcomes clinically meaningful. Consistently across studies and in the clinical database, a gain of 
7 new EBS skills better coincided with parent impressions of substantial benefits compared to a % gain (even 
attempting % gain thresholds adjusted for age or baseline scores) Our process included discussions with 
rehabilitation experts and compiling validity (face validity, cross-tool validity, and predictive validity) and reliability 
(inter- and intra-rater >85%) data for EBS items (from multiple standardized tools). Other corroborating evidence 
for the EBS threshold was that children who met the criterion used their hemiparetic UE more often daily and in 
a wider array of age-normative activities (e.g., self-help, games, social interactions, and object manipulation).  

The proposed threshold for clinically meaningful 
gain at the individual level has support from our prior 
trials and clinical database since the mean gain 
scores exceeded this in all prior studies. Face 
validity derives from considering that gaining at least 
7 new core UE skills in just 4 wks, and maintaining 
at least this many at a later timepoint, represents 
about one-fourth (23.3% precisely) of the 30 item 
EBS total. This magnitude gain occurred for subjects 
with baseline EBS scores as low as 0 and as high 
as 23 (higher scores are rare for patients seeking 
CIMT). As Figure 2 shows, 25 of 27 treated infants 
had EBS gains ≥7. 

Ongoing multi-site RCT of I-ACQUIRE for 
infants with hemiparetic CP: Baby CHAMP 
(Study 6). We are completing an NIH Phase II 
comparative efficacy trial of 3 types of infant 
rehabilitation: 1) I-ACQUIRE with a continuous cast, 2) I-ACQUIRE with part-time splint (used only in therapy 
sessions), and 3) Bimanual Therapy with no constraint (HABIT)101-103 (Andrew Gordon is trial consultant for 
HABIT.) Blinded outcomes include the Mini AHA,22 the Bayley-III9  Fine and Gross Motor Subscales, the EBS, 
and a novel Reach-and-Grasp Kinematics Tool.104 To date, we have recruited 60 of 72 infants (8 – 24 mos old) 
with spastic hemiparetic CP. PRELIMINARY FINDINGS (embargoed): Thus far, infants in the I-ACQUIRE with 
the continuous cast group show the largest mean gain (15.7) in Mini AHA scores compared to those in the part-
time splint group (8.0 pts) or the HABIT bimanual group (5.0 pts). For the EBS, the infants in the I-ACQUIRE 
continuous cast group exceed the proposed clinically meaningful gain of ≥7 new skills by the end of 4-wk 
treatment (6 mos follow-up scores not yet available). Finally, using a novel fNIRS paradigm, we have evidence 
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that I-ACQUIRE with continuous casting can lead to changes in brain laterality, based on resting state and 
movement-induced recordings.105 (NB: we decided not to propose repeated neuroimaging for this Phase III trial, 
due to multiple methodological concerns and cost.)

2.3 RISK/BENEFIT ASSESSMENT  

2.3.1 KNOWN POTENTIAL RISKS 
In general, the potential risks are considered minimal. These potential risks include:

Potential risks of casting/splinting: While a child’s less impaired arm is constrained, she/he may have some initial 
negative feelings and may require a period of adjustment (usually <24 hr) to the constraint. These may include 
feelings of anxiety or fear because the cast is something that is new and perhaps unknown to the child; frustration 
or anger about having the “good arm and hand” restrained and thus limiting the child from some typical activities 
using this upper extremity; and possible swelling (if the constraint were not properly applied) or skin irritation or 
an allergic reaction to the casting or splinting material. Parents will be informed about all potential risks. Any 
casting-related problems would be corrected within 24 hrs. 

A child’s initial reaction during the first 24 - 48 hours of being casted may include mild distress; for most children, 
however, their reaction is one of rapid adjustment, curiosity, and then within a day or two, they seem to ignore 
the cast. The casting procedure is usually constructed while the child interacts with the parent or watches a fun 
videotape. It is made with a very lightweight material known as Focused Rigidity casting that allows one side of 
the cast to be fairly rigid while allowing the other side of the cast to maintain some flexibility. This material allows 
for a very lightweight cast which immobilizes and restricts use but is not as restrictive as a more traditional and 
heavier casting material designed to fully immobilize joint and bone placement (e.g., for a broken bone). The 
cast is constructed so that it can be readily removed, and parents are told how to remove this if an urgent situation 
arises. We ask parents not to remove the cast, however, without calling the local treatment team. Parents are 
given the therapist’s name and 24-hour (mobile) telephone number, and at least one additional name and phone 
number of another clinician on the research team; they are strongly encouraged to call at any time during the 
course of treatment with any concerns about the cast or any other aspects of treatment and their child’s well-
being. If needed, we send someone to the child’s home as soon as possible.

We will systematically remove the cast (that is univalved when fabricated) once a week to check on skin integrity. 
If any irritation or cuts appear, we treat these and, as needed, provide additional padding or adjustment of the 
cast before returning it. During this weekly check, we also wash the child’s arm and hand, test range-of-motion, 
and spend about 10-15 minutes having the infant use the arm and hand in typical ways, such as manipulating a 
toy or object. If any loss of function is detected or suspected, this would be reported as an Adverse Event or 
Serious Adverse Event complying with the University of Cincinnati Human Research Protection Program Policy 
11.02. (To date, this has never happened.) 

Potential risks of intensive treatment: We anticipate that all of the children enrolled in this RCT will have had 
some prior experience with occupational and/or physical therapy that is focused on trying to improve their use of 
the hemiparetic side of the body. We consider the risks involved with this study to be minimal, but they may 
include the following: a possible period of adjustment to a new therapist, because some children are naturally 
shy or slow-to-warm-up; and experiencing fatigue or frustration because many of the tasks that the therapist will 
be using to engage the child necessitate that the child be an active partner in making effort and repeatedly 
practicing certain new movements and skills. For most children, the U&CT therapy they typically receive occurs 
in a session that lasts about 50-60 minutes, although some may have had sessions that last as long as 90-120 
minutes. The I-ACQUIRE treatment we have developed and will administer in this RCT emphasizes that the 
tasks used in therapy should primarily be ones which are fun, interesting, and practically useful for the child. For 
almost all young children, parents can identify favorite toys, objects, or activities to include in the therapy goals. 
Examples of objects and activities that have wide appeal are using bubble wands to blow bubbles, activity boxes 
with fun and surprising results from pressing and pulling, books, puzzles, different sizes and types of balls, and 
games that involve reaching and targeting a goal. In addition, everyday self-help skills of eating, drinking, and 
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dressing are natural activities ideal for implementing the therapy cycles that have the child initiate a movement, 
receive reinforcement and feedback, and then repeat and eventually refine their upper extremity skills. The 
therapists are trained and instructed to end or change activities when a child shows high or sometimes even 
moderate levels of fatigue or frustration – usually lasting more than 2 or 3 minutes. However, it is undeniable 
that there are some periods of openly expressed frustration and fatigue that infants show while they are “trying 
so hard” to do something that does not happen easily. Because the therapist can shift activities throughout the 
course of a treatment session, such as returning to earlier (more successful) activities, and can provide periods 
of reassurance with soothing interactions that help infants to calm negative emotions and redirect attention, the 
I-ACQUIRE therapy sessions are most often interesting, pleasant, and productive. Whenever needed, as 
observed and suggested by the therapist or parent, the child may take a nap. When naps occur, the therapy 
session is adjusted to make up for any lost active therapy time.

We actively monitor the progress of each child in therapy. The therapists maintain daily detailed logs on a 
standardized form, and these are reviewed by the Treatment Implementation Center weekly, with feedback 
provided to the therapist. Parents are encouraged to contact the local site study coordinator or the PI with any 
concerns, questions, or suggestions. 

Potential risks of treatment in naturalistic settings: Because I-ACQUIRE is delivered in naturalistic environments 
with families often involved, therapists may sometimes be exposed to family dynamics that do not occur as much 
in traditional hospital or clinical settings. The family thus may sense intrusion or a loss of privacy; sometimes 
families may feel embarrassment or shame related to something highly sensitive that may occur when the 
therapist is in their home.

Therapists will be instructed to report all instances of unusual circumstances that may be a cause for concern 
about the health, safety, or well-being of the treated child (or any other child on this premise). This report will 
comply with the reporting requirements of the University of Cincinnati Human Research Protection Program 
Policy 11.02 for reporting unanticipated problems involving risk to human subjects or others, adverse events, 
and other problems.  We will provide formal training to all project personnel about local guidelines at all clinical 
sites for reporting suspected child neglect and abuse. Parents also are informed -- verbally and in writing -- when 
they volunteer to be in the study that we must adhere to local policies about reporting observed or suspected 
child maltreatment. 

Behavioral Assessments: All children in this trial will have likely been seen for clinical assessments that are 
similar to what children will be asked to do during our outcome assessment battery. The standardized 
assessments primarily involve having the child manipulate small objects and toys, demonstrate gross motor 
skills, and show their abilities related to age-typical self-help activities, problem-solving, or knowledge about 
language and social interactions. The primary risks are slight fatigue and frustration at not being able to complete 
a task. The administration procedures for the tools selected are ones that take into account the needs and 
interests of children. The assessment session is play-like in its structure and there are no negative judgments or 
expressions of disappointment about the child’s performance. All of these standardized tools have explicit 
protocols for the non-completion of items and stopping rules for more difficult items. These protocols will be 
followed and if signs of undue stress occur, the assessor will offer the child a break, a snack (with parent 
approval), or may choose to end the session. (Many of the assessments are included in NINDS 
recommendations for Common Data Elements for Stroke or for Cerebral Palsy and/or the NIH toolbox.)

Parental Reporting:  A potential risk associated with the standardized parental reporting about their child involves 
the possibility that a parent becomes more aware of limits the child may demonstrate due to the targeted and 
specified questions about their child’s developmental progress and arm and hand use. Parents will be 
encouraged to ask questions brought up by the reporting and they will receive appropriate information in 
response to their questions and/or directed to reliable sources to obtain information.

2.3.2 KNOWN POTENTIAL BENEFITS 
There is the potential for many or even all of the children participating in this proposal to receive substantial 
benefits that are detectable during and soon after therapy is provided, and these benefits may endure (and even 
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increase) for many months after therapy ends. The benefits of participation are anticipated based on the 
published results from previous RCTs, published clinical cases, and data analyses of two large clinical research 
cohorts. These likely benefits include but are not limited to increased movements in the hemiparetic arm and 
hand, increased bimanual skills, and increased coordination and functional skills with the hemiparetic arm and 
hand. These improvements have been associated later with children participating more in daily activities and 
attempting an increased number of new tasks. Since the children will be very young, there is also a possible 
benefit that increased awareness and abilities with the hemiparetic arm and hand will produce a base of 
functional abilities that will naturally allow them to continue and build new skills in other domains of functioning 
as they become older. 

2.3.3 ASSESSMENT OF POTENTIAL RISKS AND BENEFITS 

At the present time, there is insufficient knowledge about the efficacy of I-ACQUIRE for children with PAIS. The 
results from this adequately powered RCT will help to resolve clinically and theoretically important issues by 
providing much needed information to inform treatment recommendations and insurance coverage. Because 
there are minimal risks and many potential benefits to the children, we think the benefits outweigh the associated 
risks.
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3 OBJECTIVES AND ENDPOINTS

OBJECTIVES ENDPOINTS JUSTIFICATION FOR 
ENDPOINTS

Primary (Aim 1)
Determine the efficacy of I-
ACQUIRE at 2 dosage levels 
compared to U&CT to increase 
upper extremity skills on the 
hemiparetic side both at End of 
Treatment and 6 mos Post-
Treatment.

The primary efficacy outcome is measured 
by the Emerging Behaviors Scale (EBS). A 
favorable outcome is defined as a gain of ≥7 
new EBS skills above baseline both at the 
End of Treatment and 6 mos. Post-
Treatment Assessment. 

Because I-ACQUIRE is a 
highly intensive and 
expensive treatment, we 
think the primary outcome 
must be large and 
sustainable – i.e., lasting at 
least 6 mos post-treatment. 
Although short-term gains 
may have some clinical 
benefit, we deem these 
insufficient to recommend 
adopting I-ACQUIRE as 
standard-of-care for children 
in this age range with PAIS. 

Secondary (Aim 2)
Determine the efficacy of I-
ACQUIRE at 2 dosage levels 
compared to U&CT to improve use 
of the hemiparetic upper extremity in 
bimanual activities. 

The secondary efficacy outcome is 
assessed by mean increases in Mini AHA 
scores in the 3 treatment groups at both the 
End of Treatment and 6 mos. Post-
Treatment Assessment taking into account 
their baseline scores. 

The Mini AHA assesses how 
well a child uses the 
hemiparetic upper extremity 
as a “helper arm and hand” in 
a range of age-typical 
bimanual activities, 
recognizing that the function 
of being a “helper arm and 
hand” is of clinical and 
practical value.  

Exploratory (Aim 3)
Explore the association between I-
ACQUIRE treatment at Moderate 
and High Doses and gross motor 
development and cognition (i.e., 
examples of cross-domain effects of 
treatment). 

If and only if I-ACQUIRE shows efficacy for 
primary and/or secondary outcomes, we will 
conduct exploratory analyses about cross-
domain effects assessed by the Gross 
Motor Function Measure-66 and the Bayley-
4 Cognition subtest at baseline, post-
treatment, and 6 mos. post-treatment. 
(Other cross-domain changes amenable to 
exploratory analyses include Language as 
measured by Bayley-4 and the MacArthur-
Bates Scales of Communicative 
Competence).    

Prior small-scale trials 
reported cross-domain 
effects after treatment. Here 
we posit that improved upper 
extremity competency will 
increase child exploration 
and learning, with detectable 
benefits for at least some 
children in gross motor, 
language, and cognitive 
domains.  
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4 STUDY DESIGN 

4.1 OVERALL DESIGN

The proposed study is a Phase III trial powered to determine efficacy of two different doses of I-ACQUIRE for 
children 8 to 24 months old with PAIS and hemiparesis. The design is a prospective RCT in which 240 children 
will be randomly assigned to one of 3 treatment groups (N=80 per group): 1) Moderate Dose I-ACQUIRE (3 
hrs/day, 5 day/wk X 4 wks), 2) High Dose I-ACQUIRE (6hrs/day, 5 days/wk X 4 wks), or 3) Usual and Customary 
Treatment (U&CT). I-ACQUIRE will be delivered by protocol-trained therapists and monitored weekly for dosage 
and treatment fidelity; U&CT will be provided by community therapists with dosage and approaches documented 
weekly. All primary and secondary efficacy outcomes rely on blinded assessments at baseline, end of treatment, 
and 6 mos post-treatment. Exploratory outcomes and supplemental clinical measures may provide valuable 
additional data about development and health in this sample of children with PAIS. 

There will be a second phase of the I-ACQUIRE Study for the children who had been randomly assigned to 
Group 3 (Usual and Customary Treatment). Their parent(s) may choose to enroll (via a new IRB-approved 
consent process) to have their child randomly assigned to receive either the Moderate or High Dose I-ACQUIRE 
treatment. This will occur after the 6-mos Post-Treatment Assessment from the primary phase. Outcome data 
from this second or crossover phase of the study will not be used in the primary data analysis for this trial but 
will be available for exploratory and post hoc data analyses.
 
4.2 SCIENTIFIC RATIONALE FOR STUDY DESIGN

PAIS is a serious event that can produce lifelong severe impairments: the most prevalent impairment is 
hemiparesis. Of high significance is that there have been no randomized controlled trials (RCTs) of CIMT 
protocols for this clinical population of children and no reported trials of CIMT for children under 2 yrs old. Multiple 
independent reviews of other therapy interventions for infants and toddlers conclude most are ineffective, some 
yield small magnitude benefits, few show enduring benefits. Similarly, no RCT of CIMT has focused on children 
with a diagnosis of PAIS. This matters because i) children under 3 yrs old differ in attention span, motor 
development, and learning modes from older children; ii) children  with PAIS may differ clinically from the general 
hemiparetic CP population; and iii) plasticity of brain function after injury may relate inversely or differently to the 
child’s age or stage of development.

Justification for age range of children in this trial: Typical UE development is rapid in the first 3 years. Bimanual 
skills emerge at 6 - 8 mos when a child holds an object with both hands and easily transfers it from hand to hand. 
The infant practices these bimanual skills so by ≈10 mos. the infant shows symmetrical movements (e.g., 
banging objects together, clapping). From 12 - 24 mos., the child acquires differentiated bimanual skills that 
permit one hand to hold an object while the other manipulates it. This milestone affects acquiring many other 
skills (e.g., holding a bowl and scooping food, stabilizing a bottom block while stacking others, placing marks on 
a paper held by one hand). Soon after, the child discovers that simultaneous hand movements can be separated 
and coordinated to achieve a wide array of functions from advanced toy play to self-feeding, turning pages of a 
book, dressing/undressing, and moving through space. With increasing age and opportunities, the child 
combines and refines upper extremity skills to engage in more complex and challenging activities in a variety of 
play, exploration, and self-help areas. Accordingly, 8 to 36 mos represents an ideal age window for I-ACQUIRE. 
(We found that 6 and 7 mos olds are a bit young for intensive shaping of UE skills.) Note: An additional benefit 
of focusing on this young age range is that this corresponds with the federal and state legal definition for “early 
intervention” defined as “birth to 2” that goes up to the child’s third birthday and entitles to the child to provision 
of appropriate services for developmental delays and disabilities (under the federal and state IDEA regulations).

4.3 JUSTIFICATION FOR DOSES
We originally selected a 6-hr daily session because this comprises a large portion of the waking day, similar to 
the time infants and toddlers spend in childcare, early intervention programs, or school. This is the most tested 
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dosage for a “signature form” of pediatric CIMT17 and we know infants and toddlers tolerate (and often enjoy) 
this 6-hr dose (see Prior Studies). We selected other dose - the 3-hr dose – because it is similar to a half-day 
session in childcare, early intervention, or school. Both practically and clinically, the difference between 3 and 6 
hr is large in terms of therapy cost and time demands on therapists and families. We did not select an even lower 
dose because we know of no evidence that this can produce benefits that are comparable to the large effect 
sizes reported in Prior Studies (many are much smaller or non-existent).37-39,41,43,125 Theoretically, the 6-hr dose 
may promote a stronger habit pattern of using the hemiparetic UE and, resultantly, produce larger and more 
enduring effects by 6 mos post-treatment than the 3-hr dose. Alternatively, if the 3-hr dose can produce 
significant, large, and enduring benefits, this would be important new information to inform the vigorous debate 
about the different high-dosage levels and reduce the cost of delivering I-ACQUIRE to eligible infants.

4.4 END OF STUDY DEFINITION

End of Study for the Primary Phase 1 is defined as after completing the 6 mos. Post-Treatment Assessment 
after the child received one of two dosages of I-ACQUIRE treatment or U&CT. In the second Crossover Phase, 
for those children who were in Group 3, Usual and Customary Treatment, the end of study will be after completing 
the 6 mos. Post-Treatment Assessment after receiving I-ACQUIRE. 

5 STUDY POPULATION

5.1 INCLUSION CRITERIA
Inclusion Criteria: child will be 8 - 36 mos. old at time when study treatment during the primary Phase 1 will be 
delivered; have a diagnosis of Perinatal Arterial Ischemic Stroke (PAIS) with parent permission to provide the 
child’s clinical MRI to the study; hemiparesis; and parent(s) willing to participate in the home therapy component. 
At least one parent must be English-language proficient and be the parent who will take a lead in interacting with 
study staff and completing self-administered forms and interviews in English.  (Note: for the crossover second 
phase,  children from the U&CT group may be older than 36 mos. when they receive one of the two doses of I-
ACQUIRE treatment.)
 
5.2 EXCLUSION CRITERIA
Exclusion Criteria: medical or sensory condition(s) that prevent(s) full therapy participation (e.g., frequent 
uncontrolled seizures, fragile health); received modified CIMT with a dose of at least 2 hrs/day for ≥10 days 
Lower modified CIMT doses are permitted.); received botulinum toxin in past 3 mos, or baseline EBS score >24 
points. If a child is a ward of the state or other agency, the child will not be eligible.  NB: botulinum toxin or 
another form of CIMT cannot be administered until after the 6 mos Post-Treatment Assessment has occurred. 
(Note: an EBS score >24 points would be extremely rare in this age group and clinical population. It is an 
exclusion criterion because a child would be precluded from reaching the study primary outcome threshold of a 
gain of 7 or more EBS points. However, the EBS baseline score is not known until the Baseline Assessment is 
completed and scored centrally at the I-ACQUIRE Assessment Center at OSU.) 

5.3 LIFESTYLE CONSIDERATIONS
There are no known normal range lifestyle considerations that could impact treatment efficacy of I-ACQUIRE 
other than non-compliance with the treatment protocol. This will be monitored daily during the month of treatment.

5.4 SCREEN FAILURES

Screen failures are defined as participants who consent to participate in the clinical trial but are not subsequently 
randomly assigned to the study intervention or entered in the study. A minimal set of screen failure information 
is required to ensure transparent reporting of screen failure participants, to meet the Consolidated Standards of 
Reporting Trials (CONSORT) publishing requirements and to respond to queries from regulatory authorities. 
Minimal information includes demography, screen failure details, and eligibility criteria.
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Individuals who do not meet the criteria for participation in this trial (screen failure) may be rescreened at a time 
when they may meet enrollment criteria (e.g., infant had become ill at time when treatment was scheduled or an 
unexpected event prevented parents from fulfilling their role in the parent training component). Infant can be 
rescreened when he or she recovers, or family can fulfill inclusion criteria for participation. Rescreened 
participants should be assigned the same participant number as for the initial screening.

5.5 STRATEGIES FOR RECRUITMENT AND RETENTION

We will recruit 240 families who complete baseline assessments from 12 or more sites. Eligible children will 
include those known to the sites (from clinical databases, direct care, and satellite sites) and those recruited from 
other hospitals, clinics, and early intervention programs. Each site will compile an inventory of regional sources 
to distribute recruitment materials, using locally-adapted print materials, posters, media announcements, and 
web-based study information. Also, we will use 2 approaches that have successfully recruited subjects in our 
other multi-site studies - social media and advocacy groups. Finally, we will list the trial on ClinicalTrials.gov, 
which has generated volunteers who re-locate temporarily for treatment and agree to travel for all scheduled 
assessments. We will assist these families in finding low- or no-cost housing options, if requested. The I-
ACQUIRE Clinical Trial website will have recruitment materials for families and clinicians in English (with a 
notation that at least one parent must be proficient in English). Recruitment materials and methods will be 
finalized jointly with the Parent Council (see below) with a clear goal of recruiting a representative and 
racially/ethnically diverse sample. 

6 STUDY INTERVENTION

6.1 STUDY INTERVENTION(S) ADMINISTRATION

6.1.1 STUDY INTERVENTION DESCRIPTION

OVERVIEW OF CORE TREATMENT COMPONENTS FOR I-ACQUIRE (BOTH DOSES)

1. Constraint of the child’s less-impaired upper extremity for first 17 days of treatment; cast is worn 
24/7. Children will continuously wear a full-arm lightweight cast for the first 17 of 20 therapy sessions. The cast 
is made from focus rigidity casting material with arm and hand positions specified and uni-valved for easy 
removal weekly for safety checks. For the last 3 treatment days, the therapist removes the cast and focuses 
on integrating the new skills of the hemiparetic UE into bimanual activities. Constraint is designed to reduce 
competing sensory-motor input and consistently help direct the child’s attention to use of the hemiparetic 
arm/hand.

2. High dosage of treatment – either 3 or 6 hrs/day, 5 days/wk for 4 weeks. (see above for rationale in  
choosing these dosages). CIMT is premised on evidence that concentrated high amounts of shaping and 
varied practice of new skills can produce rapid and enduring improvements in UE skills and functional use. A 
protocol-trained therapist provides 20 treatment sessions of either 3 or 6 hrs/day, 5 days/wk X 4 wks. 
Therapists are scheduled to have an extra hour each day to cover child naps and breaks (which are not 
included in daily documentation of time spent in active therapy). We re-affirm that young children have 
tolerated both dose levels well, largely because of therapists’ skills in maintaining high infant interest and 
enjoyment and frequent shifts in the therapy activities. (See Prior Studies.)

3. Operant conditioning techniques to shape and improve upper extremity (UE) skills; combined with 
practice variation. Operant conditioning is applied across a wide range of activities with the goal of eliciting 
new UE skills and then improving voluntary motor control by progressing through a cycle in which specific 
verbal, visual, and/or physical requests for a movement or behavior are made, often with the therapist modeling 
and prompting, particularly at early stages. The methods for setting behavioral goal standards, providing 
rewards, and then increasing levels of consistent performance required to earn continued reinforcement are 
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described in detail in the ACQUIREc administration manual16 and training materials. We term this the MR3 
Cycle (movement, reinforcement, repetition, and refinement).16 Activities are varied, game-like, and enjoyable 
for the infant; self-help activities provide frequent natural opportunities for the MR3 cycle.  

4. Provision of therapy in natural settings. We provide therapy in natural environments, because this 
promotes generalization and maintenance of skills. For young children, this can include varied environments 
such as the home, childcare, or early intervention settings. Sometimes clinic settings can be set-up to be 
similar to home or childcare settings. Parents and family members often are present and join in some therapy 
activities. 

5. Emphasis on total body and bimanual activities (as well as traditional arm/hand therapy activities) 
Treatment activities extend to total body and gross motor activities that use the hemiparetic UE, e.g., sitting 
with stability, weight bearing, rolling, scooting, standing, crawling, and walking. Even with the cast, many gross 
motor bimanual activities can occur during treatment, e.g., crawling, rolling, carrying, pushing, or pulling large 
object). 

6. Home Treatment Module developed as an active Parent-Therapist Partnership. We developed and 
use a parent-home training module (with supportive written materials and photo/videotapes). The therapist 
and parents meet at the beginning of treatment and at least weekly for 4 weeks. Initially, the therapist coaches 
the parent in the I-ACQUIRE processes, particularly concerning effective and ineffective use of operant 
conditioning. Parents help identify goals, introduce new activities, and help tailor therapy activities to promote 
the use of newly acquired skills in many different situations. Expectations are that parents enact their 
component for about 45 min per day on 5 of 7 days. (This can be divided into shorter times and include mother 
and/or father engagement. It is acceptable if only one parent provides the home program.) Daily review by 
therapists and parents of individualized home-based activities includes child responses and time spent and 
promotes two-way benefits for the child’s treatment. Parents and therapists complete the Parent-Therapist 
Relationship Tool at the end of treatment week 4. 

7. Documentation of daily therapy sessions. Each therapist documents treatment with standardized daily 
logs that record treatment goals worked on, activities completed (divided into discrete skills and levels), infant 
behavior (interest level, signs of frustration or fatigue), and any progress or decline. I-ACQUIRE protocol 
recommends that the therapist vary the therapy activities or stop therapy (within a session or overall) if 
unexpected problems occur, such as high levels of infant distress (lasting more than 3 minutes). If needed, 
the therapist may obtain consultation from senior I-ACQUIRE therapists at the Treatment Implementation Core 
about the course of treatment.

8. Transfer Package to promote future progress. Therapist and parents develop a written plan with 
extensive supportive materials to help the child maintain and improve skills post-treatment. This plan targets 
every day and special activities, informed by the overall treatment process, how the child has progressed 
across various skill levels, and next steps towards higher level functional use. 

6.1.2 DOSING AND ADMINISTRATION
In the primary Phase 1, all participants will be randomly assigned to one of the 3 groups.  Two pre-determined 
dosages of I-ACQUIRE are implemented as part of the study design.  In the crossover Phase 2, for children 
assigned initially to Group 3, Usual and Customary Treatment, their parent(s) may consent for the child to be 
randomized to Moderate or High Dose I-ACQUIRE and then be assessed at the end of treatment and 6 mos 
post-treatment. Note: the crossover Phase 2 data will not be used to test the primary trial hypotheses about 
efficacy of the two dosages of I-ACQCUIRE compared to Usual and Customary Treatment and to each other.
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6.2 PREPARATION/HANDLING/STORAGE/ACCOUNTABILITY

6.2.1 ACQUISITION AND ACCOUNTABILITY

At the Post-Treatment Assessment visit, after obtaining parental consent for DNA collection, the blinded 
assessor will collect a DNA sample from the child by gently rubbing the inside of the child’s cheeks with two 
small, soft tipped, Oragene brushes. These have been successfully used by our collaborators in other genetic 
studies. In 1 out of 4 children we will likely need to collect a second sample, because of insufficient saliva or 
other problems with the quality of biological material collected. This repeat data collection will occur at the 6 
mos. Post-Treatment Assessment. 

6.2.2 FORMULATION, APPEARANCE, PACKAGING, AND LABELING
Not Applicable

6.2.3 PRODUCT STORAGE AND STABILITY
Not Applicable

6.2.4 PREPARATION

The two swabs will be sent to a central Yale University laboratory where the DNA will be stored, extracted, and 
analyzed for single nucleotide polymorphism expression. 

6.3 MEASURES TO MINIMIZE BIAS: RANDOMIZATION AND BLINDING
Subjects will be randomized in a 1:1:1 fashion to U&CT, Moderate Dose I-ACQUIRE, or High Dose I-ACQUIRE 
using a restricted randomization algorithm which controls for within site treatment imbalances. If no imbalances 
exceed the tolerated threshold, the patient is randomized according to the specified allocation ratio (1:1:1) using 
a block urn design. If an unacceptable level of imbalance exists, the algorithm will determine whether the current 
allocation ratio improves or exacerbates the current imbalance and adjust the ratio accordingly. The detailed 
randomization scheme and source codes will be provided in the Randomization Plan document. Note: for general 
understanding, the randomization process will be described in the consent document for parents as having an 
equally fair chance of being assigned to one of the 3 treatment groups. 

Upon confirmation of eligibility and obtaining parental permission to participate, study coordinators will log into 
the WebDCU™ study database and receive the computer-generated randomization assignment. Local Site 
Coordinators will notify families promptly to schedule baseline assessments and designate the treatment month.

It is not possible to blind the family or the treatment team; however, no treating therapist will conduct 
assessments for primary and secondary outcomes, and none of the blinded assessors will work in the same 
setting as treatment staff. In addition, the primary and secondary outcomes will be coded by staff at the Central 
Assessment Core at The Ohio State University, remote from the clinical site and treatment implementation core. 
Assessment Core research staff will be blinded to treatment and the videos will be randomly sorted so that 
central coders cannot know whether a video is the baseline or one of the follow-up assessments. Parents also 
are reminded before each assessment session not to discuss their child’s treatment with the assessor.  

For assessments completed by the local blinded assessor, a second blinded scoring will be calculated by the 
central blinded assessment team if the local assessor has indicated that he or she possibly has become 
unblinded. Only blinded scores will be used in the primary analysis, but sensitivity analyses will compare the 
local and central scores to assess for any potential differences due to the unblinding.
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6.4 STUDY INTERVENTION COMPLIANCE

We will define I-ACQUIRE treatment compliance as: (1) receiving therapy on at least 17 of the 20 intended days; 
(2) receiving the full daily dosage ± 30 minutes on at least 15 treatment days; (3) wearing the cast continuously 
on at least 15 treatment days and over the weekends (NB: the cast is removed for the final 3 days of therapy 
intentionally to provide 3 sessions focused on bimanual activities); (4) the parent received training in the home-
based component and provided evidence that this occurred on at least 12 days over the 4 wk treatment period; 
(5) completion of treatment occurs within 5 weeks of the first treatment session (this allows for a brief extension 
in the 4-wk treatment in the event of a short disruption, such as an illness, minor injury (not treatment-related), 
or family problem).  We will examine the proportion of subjects in each I-ACQUIRE treatment group who did not 
receive this minimum level of treatment (i.e., met these criteria for treatment compliance) and seek to understand 
the likely reasons for non-compliance. 

Whenever we restrict the analytic sample to the as-treated sample, we will report the number and characteristics 
of subjects who differ in treatment compliance (Moderate and High Dose I-ACQUIRE) or in distinct U&CT care 
subtypes (e.g. type of therapy, categorized treatment durations), and will consider if the final as-treated and 
Modified ITT samples differ in their sociodemographic or clinical characteristics. This is important so that study 
findings obtained from any as treated sample analyses can specify whether the results apply to the entire patient 
population or only to certain subgroups.

6.5 CONCOMITANT THERAPY
Not Applicable

6.5.1 RESCUE MEDICINE
Not Applicable

7 STUDY INTERVENTION DISCONTINUATION AND PARTICIPANT 
DISCONTINUATION/WITHDRAWAL

7.1 DISCONTINUATION OF STUDY INTERVENTION

Study intervention would be discontinued for an individual subject if a serious adverse event (SAE) related to the 
trial occurs, if an SAE unrelated to the trial occurs that in the opinion of the site investigator will preclude safe 
participation in the rest of the trial, or if the futility analysis (see full statistical plan for details) deems the treatment 
highly unlikely to be worthy of continued study.

Note: a short-term disruption or discontinuation of the study intervention could occur due to unforeseen health, 
safety, or family issues. If these occur, we would discuss this with parents and seek a resolution to the problem. 
If these necessitate any change to the overall study protocol or procedures, we would notify the CIRB to discuss 
and consider any options. (In the past, for example, a family emergency could arise and cause a re-scheduling 
of a treatment session on the weekend, or a sudden onset of a short-term illness in the child, parent, or even 
therapist could lead to a re-scheduling of an assessment session that has begun, or a treatment session. 
Typically, these lead to a minor schedule adjustment. This does not lead to dropping a participant form the study 
or future follow-up assessments.) 

7.2 PARTICIPANT DISCONTINUATION/WITHDRAWAL FROM THE STUDY
Participants are free to withdraw from participation in the study at any time upon request.

 The reason(s) for participant discontinuation or withdrawal from the study will be recorded. 
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7.3 LOST TO FOLLOW-UP
A participant will be considered lost to follow-up if he or she fails to return for scheduled post-treatment 
assessments, and/or is unable to be contacted by the study staff. 

The following actions must be taken if a participant fails to return for a required study visit:
 The study team will attempt to contact the participant‘s parent(s) and reschedule the missed visit and 

counsel the parent on the importance of maintaining the assigned visit schedule. 
 Before a participant is deemed lost to follow-up, the investigator or designee will make every effort to 

regain contact with the parent(s) of the participant (when possible, 3 telephone calls and email 
communications and, if necessary, a certified letter to the participant’s last known mailing address or 
local equivalent methods). These contact attempts should be documented in the participant’s study file. 

 Should the participant continue to be unreachable, he or she will be considered to have withdrawn from 
the study with a primary reason of lost to follow-up.

8 STUDY ASSESSMENTS AND PROCEDURES

8.1 EFFICACY ASSESSMENTS 

Primary Outcome MEASURE: The Emerging Behaviors Scale (EBS). The EBS is a standardized tool 
developed for pediatric rehabilitation research in hemiparesis. The rationale for this tool is that all young children, 
including those with hemiparesis, need to acquire a repertoire of essential upper extremity (UE) skills that are 
used frequently every day during play, self-help, object manipulation, and social communication. Without a 
sufficient number of these critically important UE skills, a child’s future progress will be delayed and will lead to 
increasing impairment over time. The EBS thus represents a foundational base of core UE skills that extend into 
later ages. The EBS tallies the number of core skills (0 to 30) with the hemiparetic UE. (Note: once an infant 
acquires an early version of each skill, therapy focuses on improving that skill – e.g., ease, accuracy, speed, and 
integration with other skills into complex sequences). Items on the EBS appear as part of standardized tools 
(e.g., Bayley-4, Peabody Scales of Motor Development-2, the QUEST, NIH Toolbox). A unique feature of the 
EBS is the requirement that the child display each skill at least twice. Coding is completed by the blinded Central 
Assessment Core staff based on the videotaped session that includes the full Bayley-4, the Mini AHA, a snack 
break, and interactions with the assessor and parent at the start and close of the session. The parent ratings on 
the IMAL can be used as a source of one of the two times the skill was documented. All EBS items have high 
face and content validity and inter-rater reliability established on at least 3 standardized tools. Most have high 
predictive validity for the child’s future performance on the same or similar items. 
     The primary efficacy outcome is defined as gaining and retaining ≥7 new EBS skills above baseline EBS 
score at the End of Treatment and 6 mos Post-Treatment Assessments. Rationale and supportive evidence for 
the proposed criteria for a minimal clinically important outcome: For the past several years, we have engaged in 
efforts to identify a minimal clinically meaningful improvement on the EBS. We have reviewed outcomes for 
subjects in prior trials and our clinical database; studied clinical thresholds in other rehabilitation trials and goal-
setting in therapy (often 5 – 10% gains); obtained input from pediatric OTs, PTs, and physiatrists; compared 
several thresholds that vary for subject age or baseline score; and cross-checked EBS scores with parent ratings, 
observations, and therapist logs of child progress
     We recognize that a single dichotomous primary outcome has limits – notably, reduced detail about the 
precise magnitude of change and its slope over time. Finally, we selected the dichotomous outcome because: i) 
we think establishing pre-specified minimum high expectation for gaining and then maintaining a large number 
of new skills is justified, given the high cost of this time-intensive treatment. That is, if the gains were only short-
term, parents and clinicians would likely be disappointed that benefits are merely transitory; and ii) we think the 
dichotomous outcome is easier for clinicians and parents to understand than a distribution-based or 
individualized outcome that is difficult to understand (because the EBS tool itself and the meaning of the range 
of scores are not widely known). The threshold of gaining ≥7 new EBS skills can be equated with about one-
fourth of the entire EBS repertoire; further, all infants in the I-ACQUIRE trial and most infants with PAIS will have 
baseline EBS scores that allow them to acquire this many new skills. Our analyses affirm that this simple, 
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dichotomous outcome works well across the entire EBS continuum to classify those with and without a favorable 
treatment outcome. In our earlier studies, patients with divergent EBS baselines showed mean EBS gains ≥7 
new skills. We are not certain, however, that a gain of only 6 EBS skills has no clinical meaning to an infant or 
parents. 
    We further note that children with a baseline EBS of 24 or higher are excluded from the trial in terms of testing 
the primary efficacy outcome, because this would preclude achieving the study threshold. (Based on prior clinical 
trials and clinical research, a baseline EBS score of 24 or higher would be extremely rare. We further note, 
however, that we think the I-ACQUIRE treatment could possibly result in meaningful improvement for such a 
high functioning child, although the choice of the EBS as the primary outcome measure does not allow for fully 
capturing such potential benefits.)

Secondary Outcome MEASURE: The Mini-Assisting Hand Assessment (Mini AHA). The Mini AHA is a new 
tool that rates how well a child engages the hemiparetic UE as a “helper” in bimanual activities, recognizing that 
children with hemiparesis are unlikely to use their hemiparetic UE as their dominant E. The Mini AHA has high 
inter-rater reliability. A Rasch measurement analysis supports inter-scale validity, showing items fit well with 
underlying constructs and a developmental model. A Pearson Separation ratio of 9.67 affirms children can be 
reliably separated into functional levels based on scores. Note: Test developers require formal training and 
certification to use this tool. We sponsored the first training session in the U.S. Certified assessors score 20 
items on a 4-pt scale from videotaped sessions. Raw scores are converted into unit (or logit) scores (0 to 100). 
Presently, there is no basis for establishing a minimal clinically meaningful threshold, thus we will use the total 
Mini AHA unit score.      

8.2 SAFETY AND OTHER ASSESSMENTS

The Independent Medical Safety Monitor (IMSM) and the Data and Safety Monitoring Board (DSMB) will receive 
periodic safety reports of Adverse Events including Serious Adverse Events serious adverse events (SAEs) that 
have a reasonable possibility of being related to the study intervention following the reporting requirements of 
the University of Cincinnati Human Research Protection Program Policy 11.02. All reportable AEs will be 
summarized in terms of type of AE (AE code), when the AE occurred, frequency of the AE, number of subjects 
having the AE, severity of the AE, and relatedness to the study treatment. The proportion of subjects 
experiencing AEs will be provided in the closed report by treatment group arm with two-sided 95% CIs and 
unadjusted relative risks. 

Safety analyses. Safety will be assessed by monitoring the rate of all clinical safety endpoints and SAEs 
throughout the treatment period. The proportion of children experiencing each of these events will be provided 
to the DSMB as unadjusted relative risks and 95% confidence intervals at regular intervals to facilitate decision 
making, but the trial does not provide binding statistical guidance on safety stopping.

In addition, the following measures of safety and tolerability will be assessed:
• Effects of continuous casting as noted in the daily logs by therapists, including recorded notes about the 
casted upper extremity during weekly cast removal to check for skin integrity, range-of-motion, and use of the 
casted upper extremity during 15-30 minutes of play (this is scored by the treating therapist).
• Stress in parents and infants related to the treatment or study participation as measured using the 
Perceived Stress Scale (for parents) and supplemental stress questions answered by parents about their child’s 
stress levels

We also include a set of measures for Exploratory Analyses.
Measures of child development for Exploratory Aim 3: Gross Motor Function Measure (GMFM-66) and the 
Bayley-4 Cognitive subtest. The GMFM-667 measures gross motor function in children with cerebral palsy (5 
mos - 16 yrs). 66 items are scored each on a 4-point scale and grouped into 5 domains (lying and rolling; sitting; 
crawling and kneeling; standing; and walking, running, and jumping); an overall GMFM Total Score also is 
computed. The GMFM-66 is considered valid and sensitive to changes in children with neuromotor impairment. 
We will use the Total Score in the exploratory analyses relating treatment group to gross motor development. 
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(One surgical intervention study127 established a minimal clinically meaningful outcome on the GMFM-66 for 
older children as a gain of 2.7 points, although a gain of only 0.7 was deemed clinically useful for some patients. 
We will work with the Parent Council and clinicians to determine whether these (or other) thresholds might be 
suitable to consider for interpreting findings about GMFM-66 for children with PAIS.)
     
The Bayley Scales of Infant and Toddler Development-4 (Bayley-4) is the most widely used tool to assess infants 
(3 - 42 mos). It underwent major revision and re-norming in 2019, including children with disabiltiies.107 It yields 
subtest scores for Fine Motor, Gross Motor, Language, Self-help, and Cognition and an overall Developmental 
Quotient (DQ). For Exploratory Aim 3, we primarily plan to use the Cognitive subtest (scores from 0 – 19, mean 
of 10, SD=3 pts) to consider whether one or both doses of I-ACQUIRE, compared to U&CT, are associated with 
significant gains in Cognition. We predict, based on theory, that the High Dose group will show larger mean 
cognitive gains than the children in the Moderate Dose or U&CT groups, and that likely these become detectable 
by the 6 mos. Post-Treatment Assessment. Our reasoning is if I-ACQUIRE produces large gains in UE skills (the 
primary and secondary efficacy outcomes), then treated children will be able to increase their successful 
interactions with their environment which, in turn, could improve their learning and problem-solving skills and 
lead to higher Bayley-4 Cognitive scores. Other subtests may also show benefits that will be considered in 
exploratory analyses.
     
Additional descriptive measures (not blinded) and rationale for collecting. We value the perspectives of parents 
about their children’s response to treatment and their observations of their child’s development. Parents have 
the greatest amount of experience with their child. They uniquely can provide ratings about what they observe 
in terms of their child’s use of the hemiparetic UE in everyday settings and their participation in a wide variety of 
age-appropriate activities. Accordingly, parents will complete the Infant Motor Activity Log (IMAL),26 a 
standardized tool about “how well” and “how often” their child uses the hemiparetic UE in 20 everyday behaviors 
(e.g., holding bottle/cup, eating finger foods, pushing a button, reaching to be picked up). The scale is 0 to 5 with 
behavioral anchoring provided. The IMAL will provide useful descriptive information to accompany the findings 
about primary and secondary efficacy. Parents also will complete the MacArthur-Bates Communicative 
Development Inventories (CDI),130 a standardized reliable tool to assess the child’s communicative competence. 
There is an infant version for 8 to 18 mos and a toddler version for 18 to 30 mos which can be used for older 
children who have shown language delay. Previous clinical observations of children treated with I-ACQUIRE 
indicate that children’s language abilities may be improved by the treatment. Theoretically, this is important to 
understanding neuroplasticity and cross-domain changes after treatment. Parents also complete the Perceived 
Stress Scale at each assessment to monitor for parent response to treatment group and answer questions about 
their perceptions of their child’s stress levels.
     
Clinical data about the infants: A Pediatric Neurology Exam will occur at each site at baseline by a trial-affiliated 
pediatric neurologist or physiatrist. It will include the Pediatric Stroke Outcome Measure (PSOM) (severity scores 
from 0 to 10), and information about co-morbidities, general health and health history, and the child’s current and 
past treatments. These data will be used to describe the clinical sample and to compare subjects across 
treatment conditions and clinical sites. 

NEUROIMAGING ANALYSIS: We will examine and code clinical MRI scans to yield a potentially useful set of 
imaging biomarkers that may predict differential responses to treatment (with implied underlying CNS 
mechanisms). The sites have agreed to use uniform imaging protocols for diagnosis of PAIS1 (many already do 
this) to ensure that almost all MRI images will be consistently high quality. MRI scans will be reviewed by a 
pediatric neuroradiologist blinded to the subject’s treatment at the Clinical MRI Core at Stanford. Coding will 
include summary measures about involvement of the hemispheres, basal ganglia (BG), posterior limb of the 
internal capsule (PLIC), and cerebral peduncle (CP). We will apply a previously described approach7 in which 
the path of the corticospinal tracts, including the posterior limb of the PLIC and the CP will be graded as “involved” 
or “not involved.” In addition, we will classify brain regions as being (0) non-affected by the infarct, (1) <50% 
affected, (2) >50% affected, or (3) completely infarcted. Finally, we will calculate infarct volume by delineating 
the infarct on each MRI slice, measuring the areas corresponding to these delineations, and then multiplying 
these areas by the slice thickness (plus the gap if any). Major regions of interest for exploratory analyses include 
the corticospinal tracts in relationship to UE skills (EBS and Mini AHA) at baseline and at 2 endpoints after 
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treatment; association with gross motor development (GMFM-66) at all 3 timepoints; and infarct volume of 
discrete brain regions in relationship to Bayley-4 Cognition at all 3 timepoints. Also, we will have the ability to 
explore, for example, whether patterns of these MRI measures (e.g., reliable clusters of scores from the above 
coding) show a predictive association with which subjects show higher or lower change scores for the primary 
and secondary efficacy outcomes. The results of these biomarker analyses could be clinically useful in treatment 
recommendations for individual patients.

Parents will be given a questionnaire at the 6 mos Post-Treatment Assessment that has been designed by the 
I-ACQUIRE Parent Council to learn about parents’ experiences with the I-ACQUIRE trial, and to help inform 
future clinical trials research about important aspects of family preferences, needs, and values. 

A 36-item survey was developed that covers three topics: experience with the I-ACQUIRE trial; parents’ values 
and preferences concerning child activities and participation in life situations; parents’ experience in general 
with clinical trials. Participant ID will be the only identifier; no PHI is included on the survey. 

The parent survey will be provided to parents with a cover letter from the Parent Council and envelope for 
returning the survey. Families will complete the survey just prior to and at the 6 mos Post-Treatment 
Assessment.

8.3 ADVERSE EVENTS AND SERIOUS ADVERSE EVENTS

8.3.1 DEFINITION OF ADVERSE EVENTS (AE)

Adverse events (AEs) are considered to be any undesirable sign, symptom, or medical condition occurring during 
the study, whether or not related to the intervention. AEs include new events not present prior to intervention 
(i.e., at screening AEs), can be spontaneously reported or elicited during open-ended questioning, examination, 
or evaluation of a subject 

(See below for additional information about coding the type, severity, and relationship of an AE to study 
intervention for this trial.)

8.3.2 DEFINITION OF SERIOUS ADVERSE EVENTS (SAE) 

An SAE is any untoward medical occurrence that:

 results in death;
 is life-threatening (defined as an event in which the participant was at risk of death at the time of the 

event; it does not refer to an event which hypothetically might have caused death if it were more 
severe);

 requires inpatient hospitalization or causes prolongation of existing hospitalization;
 results in persistent or significant disability/incapacity; 
 is a congenital anomaly/birth defect;
 is an important medical event (defined as a medical event(s) that may not be immediately life-

threatening or result in death or hospitalization but, based upon appropriate medical and scientific 
judgment, may jeopardize the subject or may require intervention [e.g., medical, surgical] to prevent 
one of the other serious outcomes listed in the definition above.)

The definition of SAE excludes the following hospitalizations: 

 A visit to the emergency room or other hospital department < 24 hours, that does not result in 
admission (unless considered an important medical or life-threatening event);

 Elective surgery, planned prior to signing consent;
 Admissions as per protocol for a planned medical/surgical procedure;
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 Routine health assessment requiring admission for baseline/trending of health status (e.g., routine 
colonoscopy);

 Medical/surgical admission other than to remedy ill health and planned prior to entry into the study 
(appropriate documentation is required in these cases);

 Admission encountered for another life circumstance that carries no bearing on health status and 
requires no medical/surgical intervention (e.g., lack of housing, economic inadequacy, caregiver 
respite, family circumstances, administrative reason).

8.3.3 CLASSIFICATION OF AN ADVERSE EVENT

8.3.3.1 SEVERITY OF EVENT
The severity of adverse events will be reported using the grading system outlined in the NCI Common 
Terminology Criteria for Adverse Events Version 4.03 (CTCAE). The CTCAE provides a grading (severity) 
scale for each AE term and AEs are listed alphabetically within categories based on anatomy or 
pathophysiology. The CTCAE (v4.03) displays Grades 1-5 with unique clinical descriptions of severity for each 
AE based on this general guidance:
 

CTCAE Severity Grading Summary
Grade 1: Mild AE
Grade 2: Moderate AE
Grade 3: Severe or Disabling AE
Grade 4: Life-Threatening AE
Grade 5: Death related to AE

 
The complete definitions of these grades are: 

 Grade 1: Mild; asymptomatic or mild symptoms; clinical or diagnostic observations only; intervention not 
indicated AE. 

 Grade 2: Moderate; minimal, local or noninvasive intervention indicated; limiting age-appropriate 
instrumental activities of daily living (preparing meals, shopping for groceries or clothes, using the 
telephone, managing money, etc.).  

 Grade 3: Severe or medically significant but not immediately life-threatening; hospitalization or 
prolongation of hospitalization indicated; disabling; limiting self-care activities of daily living (bathing, 
dressing and undressing, feeding self, using the toilet, taking medications, and not bedridden).  

 Grade 4: Life-threatening consequences; urgent intervention indicated.  
 Grade 5: Death related to AE.

8.3.3.2 RELATIONSHIP TO STUDY INTERVENTION
One of the most important components of AE reporting is determining the cause of the AE. It is imperative that 
the site investigator assess AE causality in terms of overall study participation and make an independent 
determination as to whether the AE was thought to be related to any study-related activity (i.e., study 
intervention, test article administration, study-related tests or procedures).  For the subjects in U&CT, AEs that 
occur cannot be considered to be related to study participation, since the child previously was receiving this 
form of treatment (i.e., parents agree not to change the child’s U&CT during the study period). Further, the 
study has no authority to obtain data from the child’s community therapist(s) and thus cannot infer likely 
relationship to the U&CT intervention. For each Adverse Event, the relationship to the study treatment must be 
recorded as one of the choices on the following scale:

NOT RELATED (MUST HAVE 1)
- Unreasonable or incompatible temporal relationship to the intervention
- Event is clearly due to extraneous causes (e.g., underlying disease, environment)
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-
UNLIKELY (MUST HAVE 2)
- Reasonable or tenuous temporal relationship to intervention
- Could readily have been produced by the subject’s clinical state, or environmental or other interventions
- Does not follow known pattern of response to intervention
- Does not reappear or worsen with reintroduction of intervention
-
REASONABLE POSSIBILITY (MUST HAVE 2)
- Reasonable temporal relationship to intervention
- Could not readily have been produced by the subject’s clinical state or environmental or other interventions
- Follows a known pattern of response to intervention
-
DEFINITELY (MUST HAVE 4)
- Reasonable temporal relationship to intervention
- Could not readily have been produced by the subject’s clinical state or have been due to environmental or 

other interventions 
- Follows a known pattern of response to intervention
- Disappears or decreases with reduction in dose or cessation of intervention and recurs with re-exposure

8.3.3.3 EXPECTEDNESS 
The IMSM is typically responsible for determining whether an SAE is expected or unexpected. An SAE is 
considered unexpected if the nature, severity, or frequency of the event is not consistent with the risk 
information previously described for the study treatment or based on the underlying disease.

8.3.4 TIME PERIOD AND FREQUENCY FOR EVENT ASSESSMENT AND FOLLOW-UP

The occurrence of an adverse event (AE) or serious adverse event (SAE) may come to the attention of study 
personnel during study visits and interviews of a study participant presenting for medical care, or upon review 
by a study monitor. The following AEs will be reported in the study database:  1) Any serious AE (SAE) 
possibly related to study participation occurring from the Baseline assessment through the participant’s end of 
study; 2) Any AE occurring from the Baseline Assessment through the participant’s end of study that has a 
reasonable possibility of being related to study participation. All such events are captured on the appropriate 
CRF and entered into WebDCU™.  Information to be collected for reportable adverse events includes event 
description, time of onset, clinician’s assessment of severity, relationship to study product (assessed only by 
those with the training and authority to make a diagnosis), and time of resolution/stabilization of the event.

Any medical condition that is present prior to Baseline Assessment will be considered as pre-existing or baseline 
and not reported as an AE. However, if the study participant’s condition deteriorates at any time during the study, 
and is possibly related to study intervention, it will be recorded as an AE. 

Changes in the severity of an AE possibly related to study intervention will be documented to allow an 
assessment of the duration of the event at each level of severity to be performed. AEs characterized as 
intermittent require documentation of onset and duration of each episode.

Site PIs will record all reportable events consistent with the University of Cincinnati Human Research Protection 
Program Policy 11.02. 

8.3.5 ADVERSE EVENT REPORTING 

All reporting is done in accordance with StrokeNet Standard Operating Procedures for Safety Monitoring and 
Reporting as outlined in the administrative documents available on the website 
(https://www.nihstrokenet.org/docs/default-source/default-document-library/adm13-safety-monitoring-and-
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reporting-12-19-16.pdf?sfvrsn=0). Clinical sites report all SAEs and any AEs that have a reasonable possibility 
of being related to the intervention into WebDCU™. These events are coded using MedDRA. Sites are 
required to report SAEs within 24 hours and non-serious AEs within 5 days of their awareness of the event.

8.3.6 SERIOUS ADVERSE EVENT REPORTING 

All SAEs are required to be reported in WebDCUTM within 24 hours of the study site being made aware of the 
occurrence of the SAE. The local site investigators are required to provide relevant information such as 
description of the SAE, date/time of onset and resolution, severity and seriousness, action taken, and suspected 
relationship to the study intervention. Reporting of SAEs will trigger notification of the event to the Project 
Manager (PM). After reviewing the SAE for completeness and accuracy, the PM will forward the SAE to the 
IMSM who will conduct an independent review of each SAE to determine its relationship to the study intervention 
along with other elements. The IMSM will then enter an opinion into WebDCUTM as to whether the SAE is, in 
fact, serious, unexpected, and related to the study intervention.  After the submission of the initial SAE Report, 
the site investigator at the corresponding clinical site will be responsible for obtaining follow-up information about 
the event and reporting it in WebDCUTM. 

8.3.7 REPORTING EVENTS TO PARTICIPANTS 

As part of the consent process we commit to informing parents if there are incidental findings from previous 
participants (including from other clinical sites) or findings that occur as a result of interim data analyses if 
these findings might have an impact upon allowing their child to participate. We will not and cannot ethically 
discuss specific events regarding any one participant but will indicate to any enrolled parents or future parents 
considering providing permission to participate that there have been one or some events beyond those 
currently identified as risks in the consent document approved by the CIRB. If this occurred, we would notify 
the CIRB about the method and wording of such notification to parents. 

8.3.8 REPORTING OF PREGNANCY AND EVENTS OF SPECIAL INTEREST
Not Applicable

8.4 UNANTICIPATED PROBLEMS
8.4.1 DEFINITION OF UNANTICIPATED PROBLEMS (UP)

The Office for Human Research Protections (OHRP) considers unanticipated problems involving risks to 
participants or others to include, in general, any incident, experience, or outcome that meets all of the following 
criteria:

• Unexpected in terms of nature, severity, or frequency given (a) the research procedures that are 
described in the protocol-related documents, such as the Institutional Review Board (IRB)-approved 
research protocol and informed consent document; and (b) the characteristics of the participant 
population being studied;

• Related or possibly related to participation in the research (“possibly related” means there is a reasonable 
possibility that the incident, experience, or outcome may have been caused by the procedures involved 
in the research); and

• Suggests that the research places participants or others at a greater risk of harm (including physical, 
psychological, economic, or social harm) than was previously known or recognized.

8.4.2 UNANTICIPATED PROBLEM REPORTING 
The investigator will report unanticipated problems (UPs) to the CIRB complying with the University of Cincinnati 
Human Research Protection Program Policy 11.01. The UP report will include the following information:

• Protocol identifying information: protocol title and number, PI’s name, and the IRB project number;
• A detailed description of the event, incident, experience, or outcome; 
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• An explanation of the basis for determining that the event, incident, experience, or outcome represents 
an UP; 

• A description of any changes to the protocol or other corrective actions that have been taken or are 
proposed in response to the UP.

To satisfy the requirement for prompt reporting, UPs will be reported using the following timeline:  

• UPs that are serious adverse events (SAEs) will be reported to the IRB and to the DCC/study sponsor 
within 5-days of the investigator becoming aware of the event. 

• Any other UP will be reported to the IRB and to the DCC/study sponsor within 7 days in accordance when 
the investigator becoming aware of the problem. 

• All UPs should be reported to appropriate institutional officials (as required by an institution’s written 
reporting procedures), the supporting agency head (or designee), and the Office for Human Research 
Protections (OHRP) within 7 days of the IRB’s receipt of the report of the problem from the investigator.

8.4.3 REPORTING UNANTICIPATED PROBLEMS TO PARTICIPANTS 

All unanticipated problems will be reported as soon as possible (usually within 24-48 hours) to the child’s parents 
in the event that the parents were not already of this. This may include a written description of the event and how 
the event will be followed up on. We will invite questions by parents and view this as an opportunity for discussion 
about any unanticipated events. The reporting and the resolution associated with the event will be documented 
in the study’s history and, when applicable, in the individual subject’s file. 

9 STATISTICAL CONSIDERATIONS 

9.1 STATISTICAL HYPOTHESES

1. Primary Aim: Determine the efficacy of I-ACQUIRE at 2 dosage levels compared to U&CT to increase upper 
extremity skills on the hemiparetic side. The primary efficacy outcome is a gain and retention of ≥7 new skills on 
the Emerging Behaviors Scale (EBS) at the end of the 4-wk treatment and 6 mos. later.

Hypothesis 1A: The 3 groups will differ significantly in the proportion of infants meeting primary efficacy criteria.   
Hypothesis 1B: Both the Moderate Dose and High Dose I-ACQUIRE groups will have significantly higher 
proportions of infants meeting the primary efficacy criteria compared to U&CT.
Hypothesis 1C: The High Dose compared to Moderate Dose I-ACQUIRE group will have a significantly higher 
proportion of infants meeting the primary efficacy criteria.  
Additional sensitivity analyses using repeated EBS scores (from 0 – 30) will explore specific aspects of treatment 
outcome and maintenance (e.g., differential magnitude of EBS changes across treatment groups) in relationship 
to predictor variables (e.g., stroke CNS damage coded from MRI scans, family engagement levels).  

2. Secondary Aim: Determine the efficacy of I-ACQUIRE at 2 dosage levels compared to U&CT to improve use 
of the hemiparetic upper extremity in bimanual activities. The secondary efficacy outcome is the Mini Assisting 
Hand Assessment score at the end of 4-wk treatment and 6 mos. later.   
Hypothesis 2A: The 3 groups will differ significantly in mean Mini AHAs at end of treatment and 6 mos later. 
Hypothesis 2B: Both the Moderate Dose and High Dose I-ACQUIRE groups will have significantly higher mean 
Mini AHAs compared to U&CT at the end of treatment and 6 mos later.
Hypothesis 2C: High Dose compared to Moderate Dose I-ACQUIRE will have significantly higher Mini AHAs at 
end of treatment and 6 mos later.

3. Exploratory Aim: Explore the association between I-ACQUIRE treatment at Moderate and High Doses and 
gross motor development and cognition (i.e., cross-domain effects of treatment).  
3A. Evidence-informed prediction for motor development: Both Moderate and High Doses of I-ACQUIRE will 
have higher mean gains in Gross Motor skills compared to U&CT at end of treatment and 6 mos later. 
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3B. Theory-informed prediction about cognition: High Dose I-ACQUIRE will be associated with larger mean gains 
in Cognition (Bayley-4) than Moderate Dose I-ACQUIRE and U&CT at 6 mos post-treatment.

9.2 SAMPLE SIZE DETERMINATION

The proposed minimal clinically meaningful threshold on the primary efficacy is a gain of 7 points after receiving 
High Dose I-ACQUIRE. We estimate 70% of children in the High Dose group will meet the primary efficacy 
outcome of ≥7 new EBS skills threshold at both post-treatment assessments. We further project that only 40% 
of the children in the Moderate Dose group will show primary efficacy, because we anticipate higher levels of 
decline over the 6-mth post-treatment period compared to those in the High Dose group. That is, we predict the 
new EBS skills at end of treatment will be less permanently established for subjects in the Moderate compared 
to High Dose group. Thus, to detect a minimal clinically meaningful difference in the primary efficacy outcome 
between the High and Moderate Dose groups with a two-sided type I error rate of 5% and 90% power, we would 
need a final randomized sample of N=57 subjects in each of the 3 groups. The sample size further inflates the 
required sample size to ensure adequate power after accounting for up to 15% of subjects lost to follow-up or 
missing outcome data using an inflation rate of 1.39 109.  

We have limited data about precise EBS changes in children with PAIS receiving U&CT; thus, we relied on U&CT 
changes from 2 – 6 yr olds and from our clinical database. We estimate up to 15% of U&CT children may meet 
criteria for the primary outcome, because more families and therapists know about evidence supporting high 
therapy dosages and CIMT, and thus more U&CT children may be obtaining more effective therapy than in the 
past (when systematic reviews were conducted and published about many forms of U&CT). We have >80% 
power to detect a clinically significant treatment difference between either the Moderate Dose or High Dose I-
ACQUIRE group and U&CT for any active treatment effect with ≥ 40% of children with favorable outcomes. 
Finally, although the trial is specifically powered to detect differences in the primary outcome, given the total 
sample size of N=240 and a 5% type I error rate, the secondary and exploratory endpoints have ≥ 80% power 
to detect pairwise differences in mean change as small as 5 units when the standard deviation is 10. Further 
note that power and sample size calculations use the conservative assumption of single-time point models and 
unadjusted analyses; in general, covariate-adjusted repeated measures models will have increased power to 
detect differences.

9.3 POPULATIONS FOR ANALYSES

Modified Intent to Treat (mITT) Sample
All efficacy analyses (primary, secondary, and exploratory) will be conducted using a modified ITT (mITT) 
sample. That is, the evaluable sample includes all randomized subjects who continue to meet the 
inclusion/exclusion criteria at the time of Baseline Assessment and who complete the Baseline Assessments 
prior to treatment initiation, notwithstanding whether or not the subjects completed the study treatment protocol 
for their group. A sensitivity analysis will consider differences between the mITT sample and a traditional ITT 
sample, which is inclusive of the mITT sample but also analyzes all subjects who are randomized but withdraw, 
are lost to follow-up, or no longer meet inclusion criteria prior to the time when a baseline assessment would 
have occurred. 

As Treated Sample.
Sensitivity analyses will use the as treated sample when specified. That is, the evaluable sample includes all 
randomized subjects, regardless of whether or not the subjects completed the treatment as planned. In contrast 
to the mITT sample which categorizes treatment by randomly assigned group, the As Treated Sample analyses 
will consider the dose of treatment defined as the actual number of treatment sessions as well as total hours 
received (e.g., a child who is perfectly compliant in the Moderate Dose or High Dose I-ACQUIRE is expected to 
get 60 or and 120 hours of I-ACQUIRE treatment respectively).
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9.4 STATISTICAL ANALYSES

9.4.1 GENERAL APPROACH

Randomization. Randomization will take place centrally via a web-based central randomization system 
(described above) developed by the National Data Management Center (NDMC).

Multiplicity and Control of Type I Error. Inflation of the type-I error through multiple hypothesis testing is 
controlled using a sequentially rejective multiple test procedures approach to address repeated testing of 
pairwise comparison and hypothesis tests of multiple primary, secondary, and exploratory endpoints. This 
method, which generalizes the approach for closed testing procedures including Bonferroni-Holm, fixed 
sequence, fallback, and gatekeeping procedures, defines the sequence in which hypotheses and families of 
hypotheses are tested and sequentially allocates the local type I error rate to guarantee strong control of the 
familywise error rate (i.e. the probability of incorrectly rejecting at least one true null hypothesis given any 
configuration of true or false null hypotheses). This approach also provides corresponding methods for 
correctly specifying the adjusted p-values and confidence intervals with a minimum of 1-α coverage. The 
primary and secondary aims will each test a sequence of null hypotheses comparing 1) whether a difference 
exists among the three treatment groups, 2) whether Moderate and High Dose I-ACQUIRE each differ from 
U&CT, and 3) whether Moderate Dose I-ACQUIRE is different from High Dose I-ACQUIRE at a local 
familywise two-sided type I error rate of 5%. A given hypothesis may only be tested if the previous hypothesis 
has been rejected.

9.4.2 ANALYSIS OF THE PRIMARY EFFICACY ENDPOINT(S)

The primary analysis (Aim 1) will use a modified intent-to-treat (mITT) study sample defined as those subjects 
who attend the baseline visit and continue to meet eligibility. This approach will permit exclusion of subjects 
who are randomized, but then drop out prior to any baseline data being collected, due to changes in eligibility 
or family circumstances that preclude any study participation. The sample size for analysis will be 240 subjects 
who meet the mITT definition. 

Missing outcomes will be imputed as unfavorable, which is a conservative but reasonable approach given 
minimal (<5%) missing data. If the amount of missingness is unexpectedly high, e.g. >5%, then missing primary 
outcome data will be imputed via standard multiple imputation methods (i.e., via logistic regression model 
predicting outcome based on pertinent baseline and treatment data). The primary analysis will test the sequence 
of null hypotheses using fitted estimates from a logistic regression model, where the dependent variable is the 
dichotomized indicator of a favorable outcome, ≥ 7 new EBS skills above baseline at the end of 4-wk treatment 
and 6 mos post-treatment. An interim analysis for futility is planned after N=120 (N= approximately 40/group) 
subjects complete the 6-month post-treatment visit using a non-binding O’Brien and Flemming type stopping 
boundary. Sensitivity analyses of the primary analysis will also consider the impact of distribution-based 
methods, using a generalized linear mixed-effects repeated measures model where change in EBS is modeled 
as continuous and the model is adjusted for baseline EBS score, treatment group, study visit (4 weeks or 6 
months), and an interaction for treatment group and visit. Subgroup analyses will evaluate the impact of 
race/ethnicity, gender, neuroimaging biomarkers of injury, therapy fidelity, and parental involvement. The impact 
of U&CT dose variability will also be assessed in a model where the categorical indicator for treatment group will 
be replaced by a continuous covariate measuring total hours of therapy received and a categorical indicator for 
type of therapy. 
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Data analysis and management. The NDMC will be performing all the primary data analysis and management. 
All activities will be conducted in coordination with the participating clinical sites, Executive Committee, and the 
IOC. Case report forms will be developed and distributed to clinical sites prior to study initiation.

9.4.3 ANALYSIS OF THE SECONDARY ENDPOINT(S)
The secondary analysis (Aim 2) comparing changes in Mini-AHA among the three treatment groups will use a 
generalized linear mixed model with repeated measures to model the change in Mini-AHA at the End of 
Treatment and 6 mos. Post-Treatment; the same set of subgroup analyses are proposed for this endpoint. For 
the secondary analysis, the sequentially rejective hypothesis testing procedure must first reject the series of null 
hypotheses of no difference at 6 months post-treatment before testing for differences at 4 weeks post-treatment. 

9.4.4 EXPLORATORY ANALYSES
The exploratory analyses (Aim 3) for GMFM-66 and Bayley-4 Cognitive subtests will follow the model and 
sequence of hypothesis tests described for the secondary endpoint. For missing secondary and exploratory 
endpoints, the mixed effects model naturally accounts for missing data and has been shown to be more powerful 
than either the last observation carried forward of multiple imputation approaches.  

9.4.5 SAFETY ANALYSES
All reportable AEs and SAEs will be summarized by Medra term and body system in terms of frequency of the 
event, number of subjects having the event, severity, and relatedness to the study treatment. The proportion of 
subjects experiencing each of these events will be provided in the closed report by treatment arm with two-sided 
95% CIs and unadjusted relative risks. Fisher’s exact tests will be used to assess treatment group differences in 
the rates of serious adverse events. 

9.4.6 TABULATION OF INDIVIDUAL PARTICIPANT DATA
Coded individual participant data will be examined and presented in data presentations in ways that fully protect 
privacy and anonymity.

10 SUPPORTING DOCUMENTATION AND OPERATIONAL CONSIDERATIONS

10.1 REGULATORY, ETHICAL, AND STUDY OVERSIGHT CONSIDERATIONS

10.1.1 INFORMED CONSENT/ PARENTAL PERMISSION PROCESS

10.1.1.1 CONSENT/ASSENT AND OTHER INFORMATIONAL DOCUMENTS PROVIDED TO 
PARTICIPANTS

Consent forms describing in detail the study intervention, study procedures, and risks are given to the parent of 
the participant and written documentation of informed consent/ parental permission is required prior to starting 
intervention.  The following consent materials are submitted with this protocol: 

Informed Consent Document/ Parental Permission

In accordance with ICH-GCP Consolidated Guidelines, a CIRB-approved informed consent is required for all 
participants prior to participating in this study. The informed consent is obtained by either the clinical site PI or 
other members of the study team who are qualified to perform this task and are designated to do so on the 
Delegation of Authority Log (DOA).
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10.1.1.2 CONSENT PROCEDURES AND DOCUMENTATION
Informed consent/ parental permission for each child to participate is a process that is initiated prior to the child 
participating in any study procedures. Consent (permission) forms will be approved by StrokeNet’s Central 
Institutional Review Board (CIRB). The participant’s parent/guardian will be asked to read and review the 
document at the first study visit. The investigator will explain the research study to the parent/guardian and 
answer any questions that may arise. This verbal explanation will be provided in terms suited to the 
parent/guardian’s comprehension and explain the purposes, procedures, and potential risks of the study and 
their rights as parents of a research participant. Participant’s parents/guardians will have the opportunity to 
carefully review the written consent form and ask questions prior to signing. The participant’s parents/guardians 
will have the opportunity to discuss the study with their family or surrogates and have a minimum of 24 hours 
prior to the implementation of any study procedures after enrollment to think about all study processes. The 
participants in this study will be children below the age of eight, so their assent is not required. Consent is 
considered to be ongoing throughout the study period. 
While the participant’s parent/guardian will sign the informed consent/parental permission document at 
enrollment, they will verbally be reminded of all planned study processes at the first Baseline Assessment and 
be asked to confirm their willingness to participate prior to any study procedures starting. Parents and guardians 
will be informed at enrollment and at this second point of consent validation that participation is voluntary and 
that they may withdraw from the study at any time, without prejudice. A copy of the informed consent/parental 
permission document will be given to the parents/guardians for their records. The informed consent process/ 
parental permission will be conducted and documented in the source document (including the date), and the 
form signed, before the participant undergoes any study-specific procedures. A phone/fax alternative for the 
consent procedures and documentation will be available if the participant’s parents/guardians cannot come in 
person to a recruitment site office. (see description of procedure in I-ACQUIRE Manual of Procedures (MOP)) 
The participant’s rights and welfare will be protected by emphasizing to parents that the quality of their child’s 
medical care will not be adversely affected if they decline to participate in this study.

10.1.2  STUDY DISCONTINUATION AND CLOSURE
This study may be temporarily suspended or prematurely terminated if there is sufficient reasonable cause.  
Written notification, documenting the reason for study suspension or termination, will be provided by the 
suspending or terminating party to study participants, investigator, and funding agency.  If the study is 
prematurely terminated or suspended, the Principal Investigator (PI) will promptly inform study participants, the 
Institutional Review Board (IRB), and sponsor and will provide the reason(s) for the termination or suspension.  
Study participants will be contacted, as applicable, and be informed of changes to study visit schedule.
 
Circumstances that may warrant termination or suspension include, but are not limited to:

 Determination of unexpected, significant, or unacceptable risk to participants
 Demonstration of efficacy that would warrant stopping   
 Insufficient compliance to protocol requirements
 Data that are not sufficiently complete and/or evaluable
 Determination that the primary endpoint has been met
 Determination of futility

Study may resume once concerns about safety, protocol compliance, and data quality are addressed, and satisfy 
the sponsor.

 10.1.3 CONFIDENTIALITY AND PRIVACY 
Participant confidentiality and privacy is strictly held in trust by the participating investigators, their staff, and the 
sponsor(s) and their interventions. This confidentiality is extended to cover testing of biological samples and 
genetic tests in addition to the clinical information relating to participants. Therefore, the study protocol, 
documentation, data, and all other information generated will be held in strict confidence. No information 
concerning the study, or the data will be released to any unauthorized third party without prior written approval 
of the sponsor. 
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All research activities will be conducted in as private a setting as possible.
The study monitor, other authorized representatives of the sponsor, representatives of the CIRB, or regulatory 
agencies may inspect all documents and records required to be maintained by the investigator, including but not 
limited to, medical records (office, clinic, or hospital) and pharmacy records for the participants in this study. The 
clinical study site will permit access to such records.
The study participant’s contact information will be securely stored at each clinical site for internal use during the 
study. At the end of the study, all records will continue to be kept in a secure location for as long a period as 
dictated by the reviewing IRB, institutional policies, or sponsor requirements.
Study participant research data, which is for purposes of statistical analysis and scientific reporting, will be 
transmitted to and stored at the Data Coordinating Center. This will not include the participant’s contact or 
identifying information. Rather, individual participants and their research data will be identified by a unique study 
identification number. 

10.1.4 FUTURE USE OF STORED SPECIMENS AND DATA 

Data will be stored for possible future use, such as a longitudinal follow-up of the participating children and their 
families or for new coding methodologies of the stored assessment data or for new exploratory data analyses. 
In the event that there would be future use, we would contact parents who indicated they would be willing to be 
contacted when they signed the original consent document. Any future use would be subject to CIRB review and 
approval in advance of proceeding. 

Samples collected for genetic study will be stored if consent is granted for the future study of the samples. Any 
future use would be subject to CIRB review and approval in advance of proceeding. 

The I-ACQUIRE principal investigators (Drs. Sharon Landesman Ramey and Warren Lo) have responsibility for 
ensuring protection of data confidentiality. All of the protections in place for The I-ACQUIRE Study extend to the 
addition of the new biomarker data. The lab at Yale University will produce the DNA polymorphism results, 
associated only with subject I.D. codes. The lab team sends these results to the Assessment Center for entry 
into the I-ACQUIRE centralized database that adheres to strict guidelines protecting subject confidentiality.  If a 
sample is deemed inadequate by the lab, then the Assessment Center will notify the local site so that a second 
set of swabs can be obtained during the next assessment visit and re-submitted for that study participant. (Only 
the local sites maintain the names and contact information associated with subject I.D. code.) Any new 
investigators joining the study must be approved and adhere to all local and central IRB guidelines.

Only the collaborating lab at Yale has access to the samples directly after these are mailed to the lab by the local 
site. In the event that something happens that requires the samples to transfer to another lab setting, the Multiple 
PIs and Executive Steering Committee of the I-ACQUIRE Study will vet the location and provide supportive data 
that standards for patient confidentiality, high lab standards, and safe and secure storage are met. We will 
immediately notify the CIRB and provide needed information if there is a need for a change in plans related to 
access, lab analysis, and storage.  

Patient samples will be stored by study I.D. code, complaint with HIPAA regulations.  

Specimen and Data Storage

The I-ACQUIRE principal investigators (Drs. Sharon Landesman Ramey and Warren Lo and Local Site PIs) 
have access to subject identities. All proposed data analyses linking biological markers to other aspects of a 
subject’s dataset do not require having subject identities.

The DNA samples will be stored at the research laboratory at Yale University.
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Samples will be stored in locked freezers that are in a locked laboratory accessible only to authorized personnel. 
Lab personnel adhere to strict guidelines about who can assess secured specimens linked to the parent I-
ACQUIRE Study.

The samples will be destroyed 10 years after the completion of the primary planned data analyses for the I-
ACQUIRE Study.

We have requested separate parent permission to store any unused DNA for future studies. We advise parents 
that deidentified DNA samples may be shared with NIH biorepositories for future research uses that go beyond 
the original purposes for the biomarker study linked to the parent I-ACQUIRE Study.

Specimen and Data Distribution

An agreement will require the investigators state the purpose of the proposed research, show that the research 
has been approved by the appropriate IRB, affirm that the investigators guarantee that they will not attempt to 
de-identify the data by any means, and understand that there will be no secondary distribution of the samples. 
We also will require investigators outside of the protocol to acknowledge in any publications and presentation 
that the I-ACQUIRE Study was the source of the samples.

No specimens be made available to commercial organizations.

Associated data will be provided with the specimen that the child sustained a perinatal arterial ischemic stroke.

Policy on Withdrawal of Specimens/Data

We allow parents granting permission for collecting the DNA samples from their child to withdraw and ask that no biomarker 
data about their child be used or stored. We do inform parents, however, that if they choose to withdraw permission after 
excess DNA from their child already was transferred to the deidentified storage, this will not be possible. We do let parents 
know that we would be able to delete the biomarker data in the dataset for their own child. We tell parents there will no 
negative consequences if they change their mind to have their participate.

10.1.5 KEY ROLES AND STUDY GOVERNANCE

Provide the name and contact information of the Principal Investigator and the Medical Monitor.
Principal Investigator Medical Monitor
Sharon Ramey, PhD Jilda Vargus-Adams, MD
Fralin Biomedical Research 
Institute at Virginia Tech 
(formerly the Virginia Tech 
Carilion Research Institute) 

Cincinnati Children’s Hospital 
Medical Center

2 Riverside Circle Roanoke, VA 
24016
(540)526-2081
slramey@vt.edu Jilda.Vargus-

Adams@cchmc.org

We propose a Steering Committee of Multiple PIs, Core directors, a lead team member from the National 
Coordinating Center (NCC) and NDMC, local site PIs/directors, and 2 parents from the Parent Council.  We 
provide additional details about study planning, communicating, and operations in the Multiple Principal 
Investigators (MPIs) Plan, Clinical Protocol, and the Milestone Plan.
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10.1.6 SAFETY OVERSIGHT
Safety oversight will be under the direction of a Data and Safety Monitoring Board (DSMB) composed of 
individuals with the appropriate expertise. Members of the DSMB should be independent from the study conduct 
and free of conflict of interest, or measures should be in place to minimize perceived conflict of interest. The 
DSMB will meet at least semiannually to assess safety and efficacy data on each arm of the study. The DMSB 
will operate under the rules of an approved charter that will be written and reviewed at the organizational meeting 
of the DSMB. At this time, each data element that the DSMB needs to assess will be clearly defined. The DSMB 
will provide its input to NINDS.

10.1.7 CLINICAL MONITORING
Clinical site monitoring is conducted to ensure that the rights and well-being of trial participants are protected; 
that the reported trial data are accurate, complete, and verifiable; and that the conduct of the trial is in 
compliance with the currently approved protocol/amendment(s), with International Conference on 
Harmonization Good Clinical Practice (ICH GCP). 

 Monitoring for this study will be performed by the NDMC centrally, on site, and remotely.
 Per the study’s monitoring plan, monitoring will include a combination of on-site monitoring strategies to 

verify data entered into the WebDCU™ database against source documents and query inaccuracies 
between the source documents and WebDCU™ database and to verify source documents, such as 
written consent, electronic medical records, and central monitoring (using web-based data validation 
rules, data manager review of entered data, statistical analysis, and on-going review of site metrics).

 The NDMC, study PIs, and the appropriate site PIs will be provided copies of monitoring reports within 
30 days of site visits.

In an effort to review informed consent forms in a timely manner, enrolling sites will upload a PDF of the signed 
informed consent form, into the password protected clinical trial management system, WebDCUTM.  The PDF 
file will be linked to the subject ID but will be stored on a secure server separate from the study’s CRF data. 
The secure server on which these files are stored is not backed up to prevent copies of files containing 
Individually identifiable health information from being copied and stored on non-NDMC back up servers. The 
files on these servers can only be accessed by designated study personnel upon entry of a second password.  
NDMC staff will remotely monitor the informed consent forms and issues identified will be relayed to the clinical 
site for corrective and preventative action. After remote monitoring is complete, the PDF file containing the 
informed consent form will be permanently deleted from the secure server. If a subject must be re-consented, 
the process will repeat itself.

Further details of clinical site monitoring are documented in the study’s Monitoring Plan. The
Monitoring Plan describes in detail who will conduct the monitoring, at what frequency monitoring will be done, 
at what level of detail monitoring will be performed, and the distribution of monitoring reports.

Some of the monitoring for this study will also be performed by site supervisors on a 100% basis and will be 
entered into a database maintained and monitored by the Treatment Implementation Center with corrective 
action by sites as needed.

Independent audits will be conducted by the Treatment Implementation Center to ensure monitoring practices 
are performed consistently across all participating sites.

10.1.8 QUALITY ASSURANCE AND QUALITY CONTROL
Each clinical site will perform internal quality management of study conduct, data collection, documentation and 
completion.  An individualized quality management plan will be developed to describe a site’s quality 
management.
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Quality control (QC) procedures will be implemented beginning with the data entry system and data QC checks 
that will be run on the database will be generated. Any missing data or data anomalies will be communicated to 
the site(s) for clarification/resolution.

Following written Standard Operating Procedures (SOPs), the monitors will verify that the clinical trial is 
conducted and data are generated and biological specimens are collected, documented (recorded), and reported 
in compliance with the protocol, International Conference on Harmonization Good Clinical Practice (ICH GCP), 
and applicable regulatory requirements (e.g., Good Laboratory Practices (GLP), Good Manufacturing Practices 
(GMP)). 

The investigational site will provide direct access to all trial related sites, source data/documents, and reports for 
the purpose of monitoring and auditing by the sponsor, and inspection by local and regulatory authorities.

10.1.9 DATA HANDLING AND RECORD KEEPING 

10.1.9.1 DATA COLLECTION AND MANAGEMENT RESPONSIBILITIES 
Data collection is the responsibility of the clinical site trial staff at the site under the supervision of the site 
investigator. The investigator is responsible for ensuring the accuracy, completeness, legibility, and timeliness 
of the data reported.

All source documents should be completed in a neat, legible manner to ensure accurate interpretation of data. 

Copies of the electronic CRF (eCRF) are provided for use as source documents and maintained for recording 
data for each participant enrolled in the study. Data reported in the eCRF derived from source documents 
should be consistent with the source documents or the discrepancies should be explained and captured in a 
progress note and maintained in the participant’s official electronic study record.

Clinical data are entered into WebDCUTM. The data system includes password protection and internal quality 
checks, such as automatic range checks, to identify data that appear inconsistent, incomplete, or inaccurate. 
Clinical data are entered directly from the source documents.

10.1.9.2 STUDY RECORDS RETENTION 
Study documents should be retained for a minimum of 2 years after the last approval of a marketing application 
in an International Conference on Harmonization (ICH) region and until there are no pending or contemplated 
marketing applications in an ICH region or until at least 2 years have elapsed since the formal discontinuation of 
clinical development of the study intervention. These documents should be retained for a longer period, however, 
if required by local regulations. No records will be destroyed without the written consent of the sponsor, if 
applicable. It is the responsibility of the sponsor to inform the investigator when these documents no longer need 
to be retained. 

Study documents should be retained for the duration specified by the StrokeNet SOP or for a longer period if 
required by local regulations.

10.1.10 PROTOCOL DEVIATIONS 
A protocol deviation is any noncompliance with the clinical trial protocol, International Conference on 
Harmonization Good Clinical Practice (ICH GCP), or MOP) requirements. The noncompliance may be either on 
the part of the participant, the investigator, or the study site staff. As a result of deviations, corrective actions are 
to be developed by the site and implemented promptly. 

These practices are consistent with ICH GCP: 
• 4.5 Compliance with Protocol, sections 4.5.1, 4.5.2, and 4.5.3 
• 5.1 Quality Assurance and Quality Control, section 5.1.1 
• 5.20 Noncompliance, sections 5.20.1, and 5.20.2. 
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It is the responsibility of the site investigator to use continuous vigilance to identify and report deviations within 
24 hours of identification of a protocol deviation meeting criteria for prompt reporting, or within 5 days 
otherwise.  These deviations must be addressed in study source documents and reported via WebDCU™ for 
initial review by the I-ACQUIRE project manager.  All other protocol deviations must be reported to the CIRB at 
the time of annual scheduled continuation review and listed in DSMB reports. The site investigator is 
responsible for knowing and adhering to the CIRB requirements. Further details about the handling of protocol 
deviations are included in the MOP. 

10.1.11 PUBLICATION AND DATA SHARING POLICY
This study will be conducted in accordance with the following publication and data sharing policies and 
regulations:

National Institutes of Health (NIH) Public Access Policy, which ensures that the public has access to the 
published results of NIH funded research. It requires scientists to submit final peer-reviewed journal manuscripts 
that arise from NIH funds to the digital archive PubMed Central upon acceptance for publication.

This study will comply with the NIH Data Sharing Policy and Policy on the Dissemination of NIH-Funded Clinical 
Trial Information and the Clinical Trials Registration and Results Information Submission rule. As such, this trial 
will be registered at ClinicalTrials.gov, and results information from this trial will be submitted to ClinicalTrials.gov. 
In addition, every attempt will be made to publish results in peer-reviewed journals.  Data from this study may 
be requested by other researchers 2 years after the completion of analysis and reporting about the primary study 
hypotheses by contacting Sharon Ramey. 

10.1.12 CONFLICT OF INTEREST POLICY
The independence of this study from any actual or perceived influence is critical.  Therefore, any actual conflict 
of interest of persons who have a role in the design, conduct, analysis, publication, or any aspect of this trial will 
be disclosed and managed. Furthermore, persons who have a perceived conflict of interest will be required to 
have such conflicts managed in a way that is appropriate to their participation in the design and conduct of this 
trial.  The study leadership in conjunction with the NINDS has established policies and procedures for all study 
group members to disclose all conflicts of interest and will establish a mechanism for the management of all 
reported dualities of interest.

10.2 ADDITIONAL CONSIDERATIONS

None

10.3 ABBREVIATIONS

AE Adverse Event
ANCOVA Analysis of Covariance
CFR Code of Federal Regulations
CLIA Clinical Laboratory Improvement Amendments
CMP Clinical Monitoring Plan
COC Certificate of Confidentiality
CONSORT Consolidated Standards of Reporting Trials
CRF Case Report Form
DCC Data Coordinating Center
DHHS Department of Health and Human Services
DOA Delegation of Authority
DSMB Data Safety Monitoring Board
DRE Disease-Related Event
EC Ethics Committee
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eCRF Electronic Case Report Forms
FDA Food and Drug Administration
FDAAA Food and Drug Administration Amendments Act of 2007
FFR Federal Financial Report
GCP Good Clinical Practice
GLP Good Laboratory Practices
GMP Good Manufacturing Practices
GWAS Genome-Wide Association Studies
HIPAA Health Insurance Portability and Accountability Act 
IB Investigator’s Brochure
ICH International Conference on Harmonization 
ICMJE International Committee of Medical Journal Editors
IDE Investigational Device Exemption
IMSM Independent Medical Safety Monitor
IND Investigational New Drug Application
IRB Institutional Review Board
ISM Independent Safety Monitor
ISO International Organization for Standardization
ITT Intention-To-Treat
LSMEANS Least-squares Means
MedDRA Medical Dictionary for Regulatory Activities
MOP Manual of Procedures
MPI Multiple Principal Investigator
MSDS Material Safety Data Sheet
NCC National Coordinating Center
NCT National Clinical Trial
NDMC National Data Management Center
NIH National Institutes of Health
NIH IC NIH Institute or Center
OHRP Office for Human Research Protections
PI Principal Investigator
QA Quality Assurance
QC Quality Control
SAE Serious Adverse Event
SAP Statistical Analysis Plan
SMC Safety Monitoring Committee
SOA Schedule of Activities
SOC System Organ Class
SOP Standard Operating Procedure
UP Unanticipated Problem
US United States

10.4 PROTOCOL AMENDMENT HISTORY
Version Date Description of Change Brief Rationale
2.0 03-03-18 Changes in all aspects of Trial. Updates to match changes 

suggested by reviewers in 
grant application

3.0 04-22-19 Updates primarily for clarification 
and to be consistent with 
terminology in other StrokeNet 
trials. Some minor changes in 
randomization and statistical 
analytic issues and terms used 
for reporting AEs.

With multiple individuals 
added to our team, a number 
of omissions or minor 
inconsistencies were 
detected. We are not 
proposing any major 
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substantive changes to the 
treatment protocol.

4.0 03-12-20 Update for collection of a salivary 
DNA sample in Section 6.2. 
Update Section 10.1.4 for future 
use of genetic specimens if 
permission has been granted.

The protocol was modified to 
include DNA collection from 
saliva for all patients. The 
Study Design was changed 
to explain why the DNA 
sample is being collected. 
The Study procedures were 
modified to explain how the 
DNA sample will be 
collected. This is a one-time 
collection that will occur after 
the treatment month. The 
DNA collection is very brief, 
poses no risk to the patient, 
and potentially may provide a 
new biomarker for the study. 

4.0 3-12-20 Update to change what adverse 
events need to be reported in 
Section 8.3.4.

The following AEs will be 
reported in the study 
database:  1) Any serious AE 
(SAE) occurring from 
Baseline Assessment though 
end of study; 2) Any AE 
occurring from Baseline 
Assessment though end of 
study that has a reasonable 
possibility of being related to 
the study intervention.

4.0 3-18-2020 A further addendum to the protocol 
was inserted at Section 11.1 On 16 MARCH 2020, ALL IN-

PERSON HUMAN 
SUBJECTS ACTIVITIES 
AND ALL STUDY-RELATED 
IN-PERSON MEETINGS 
WERE TO BE SUSPENDED. 
This was due to the 
Coronavirus Pandemic.

Specific recommendations 
were provided to local site PIs 
and Study Coordinators as to 
the management of subjects 
enrolled in the study and 
communicating with parents. 

4.0 3-25-20 The Schema of the study in 
section 1.2

The flow diagram was 
modified to reflect the 
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influence of a modified Intent 
to Treat analysis on study 
design as well as the re-
evaluation about study 
eligibility at time of conducting 
the Baseline Assessment.

4.0 3-25-20 Section 6.3; Measures to minimize 
bias

Two paragraphs pertaining to 
assessing the success of 
blinding were deleted to 
reflect actual study practice. 
The study team decided to 
remove the method in these 
paragraphs. Instead we 
currently only capture 
whether central reading 
occurred as a result of study 
team unblinding and indicate 
these data are used instead 
for conducting the primary 
data analysis.

4.0 3-25-20 Section 7.1 Discontinuation of 
study intervention.

This section was modified to 
only refer to SAEs related to 
the trial or SAEs that in the 
opinion of the site principal 
investigator will preclude the 
safe participation in the rest 
of the trial.  

4.0 4-15-2020 Update to Section 8.2 that will 
include a survey of parents 
performed at the 6-mos. Post-
Treatment Assessment.

Parents will be surveyed at 
the 6-mos. Post-Treatment 
Assessment about their 
experience with the I-
ACQUIRE trial, and to inform 
future scientists about 
integrating family 
preferences, needs, and 
values into their clinical trials. 
Specific questions will 
evaluate and address 
procedural challenges that 
families identify. This 36-item 
survey was developed by 
The Parent Council. 
Participant ID will be the only 
identifier; no PHI is included 
on the survey. 

4.0 04-15-20 Updates for analysis using a 
modified intent-to-treat analysis in 
Section 9.3 and 9.4.2.

This approach will permit 
exclusion of subjects who are 
randomized, but then drop out 
prior to any baseline data 



I-ACQUIRE Study– v4.0 20 April 2020 40

being collected, due to 
changes in eligibility or family 
circumstances that preclude 
any study participation. 

11 ADDENDUM TO PROTOCOL – PILOT-TESTING PHASE

We plan to have a pilot-testing or practice phase to allow our clinical research team to check if our research 
protocol and procedures are working as intended. This testing will occur at either the Treatment 
Implementation Center (Virginia Tech, Roanoke, VA) or The Assessment Center (The Ohio State University, 
Columbus, OH). We plan to enroll a small number of children (between 1 and 5) and provide the I-ACQUIRE 
intervention and assessments proposed in the Phase III clinical trial. 

We will not store data on individual children or families who participate in the pilot-testing phase. We do, 
however, include a statement in the consent document that allows parents to grant permission for us to use 
videotaped materials and or parent responses in conducting training and communication about the Phase III 
trial.  

11.1 ADDENDUM TO PROTOCOL IN RESPONSE TO THE CORONAVIRUS PANDEMIC AND 
COVID-19 EMERGENCY

   From March 10 through March 19 the I-ACQUIRE Study team communicated with all Clinical Site PIs/CoIs and 
Study Coordinators about evolving responses to the threat of the COVID-19 to the health and well-being of study 
participants and I-ACQUIRE staff. The major recommendation on 16 MARCH 2020 was for all in-person human 
subjects’ in-person activities and all study-related in-person meetings to be suspended immediately. 

The I-ACQUIRE Study team recognized that the COVID-19 situation was likely to worsen. The team anticipated 
there will likely be future changes as new information emerged regarding the COVID-19 virus so that the following 
specific recommendations would likely be modified. The primary objective of these emergency modifications is 
to protect the health and safety of all connected to the I-AQCUIRE Study. Secondary to that, we seek to adhere 
to the original I-ACQUIRE Protocol to the greatest extent possible. We try to provide our rationale for decisions 
that may lead to modifications.

Table 1: Re-scheduling guidelines for COVID-19 disruptions 

TIME WHEN ACTIVITIES ARE DISPRUPTED RE-SCHEDULING PARAMETERS AND IMPACT

When a new family contacts us seeking to be 
consented and enrolled (randomized)

Wait to consent and enroll after trial resumes. IMPACT: This will 
delay overall recruitment and trial progress but does not change 
any aspect of the study protocol. Note: speaking with parents 
whose child may be eligible and who seek to find out more about 
the study is acceptable. Let them know that you will get back as 
soon as the trial becomes active again. During the study 
suspension, sites are free to stay in touch with parents who have a 
potentially eligible child and who want to learn about the trial.

When the trial resumes, we will accept children who would have 
been age-eligible (if the study had not been paused) and who will 
be no older than 36 months when they begin treatment (after the 
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study resumes). If need be, we can consider this age variable in 
post hoc data analyses.  

Pre-treatment (Baseline) through Casting and Day 
1 of Treatment

Do not proceed. Re-schedule when trial resumes. IMPACT: Some 
children may be older than the original designation of 24 months 
when their treatment begins. 

If need be, we can consider this age variable in post hoc data 
analyses.  

During the 4 weeks of I-ACQUIRE Treatment (Tx) 
but prior to Day 17

Stop Tx immediately. Re-schedule when the trial resumes. 
IMPACT: #1. For a child who has completed 10 or more days, the 
child would meet the original study exclusion criterion of having 
had a prior high-dose CIMT treatment. Despite this protocol 
deviation, we will offer the fully planned I-AQCUIRE treatment 
when the trial becomes active again. (In other words, we will have 
a waiver of this exclusion criterion.) We will be able to look at this 
post hoc when we conduct data analyses.  #2. The child can be 
re-scheduled when the trial resumes, even if the child is older than 
24 months. The re-scheduling will necessitate collecting a new 
pre-treatment (baseline) assessment as well as implementing the 
full I-ACQUIRE treatment. #3. We anticipate that parents who 
already have been providing the home component of the I-
ACQUIRE treatment will, understandably and ethically, continue to 
implement their own best version of being supportive of their 
child’s continued positive development. We should not instruct 
parents to “stop” this –we do not think it could be harmful, nor do 
we think the coronavirus risk would be affected by this. #4. Almost 
certainly, the disruption will extend to the Post-Treatment 1 
assessment. See below about how this will be handled. (In other 
words, most children will have both Treatment and Assessment 
disrupted and guidelines for each will be followed, if feasible.)

NOTE: ONLY 1 CHILD HAD THIS OCCUR. 

Between Day 17 and Day 20 of I-ACQUIRE 
treatment. 

Stop Tx. At this particular time, the child will have qualified for 
receiving what was a priori defined as a sufficiently “full dose” of 
the treatment. However, we realize that Days 17 – 20 are 
distinctive because: i) we remove the cast; ii) we concentrate our 
focus on promoting bilateral activities – during formal therapy 
session and during parent-enacted home treatment; and iii) at the 
end, parents and the therapist finalize a post-treatment plan. For 
children and families who have their study participation disrupted 
at this timepoint, we propose working distally with the parents to 
provide bilateral shaping and activities and to develop the Post-
treatment plan. We propose documenting these in the Web-DCU 
system using the Daily Log format we already have.  The child and 
family will not require a new complete (or partial) treatment. 
IMPACT: #1. Additional time will be needed for the I-ACQUIRE 
Study central team at the Virginia Tech Treatment Implementation 
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center to develop individualized and online modules for Days 17 – 
20. #2. The post-treatment assessment 1 likely will not be 
conducted. (See below for how this will be handled.)

During Usual and Customary treatment (UCT), 
from start to end of the 4 week period

For children in the UCT group, the local study coordinator or a 
team member needs to be in contact with a family to determine if 
there are disruptions in the child’s receipt of usual therapy. 

Note: we will not be advising parents about whether to continue or 
to stop the UCT that they arrange and for which they are 
responsible. Any disruption to the child’s UCT will result in the 
need to re-schedule when the trail resumes. As above, this will 
necessitate scheduling a new pre-treatment (baseline) 
assessment as well as the treatment month. The child can be > 24 
months old when re-scheduled, up to 36 months old.). Finally, it is 
likely a disrupted UCT period will be associated with a disruption 
to the Post-treatment Assessment 1 (see below).

At Post-treatment Assessment 1 STOP. This can be re-scheduled when the trial resumes. IMPACT: 
At this time, we are recommending allowing a protocol deviation 
for this to extend to 3.49 months after treatment ends (rather than 
the current recommendation of 2 weeks). We may need to re-
consider this proposed endpoint for this assessment depending on 
duration of study suspension.     

At Post-treatment Assessment 2 (6 months later) STOP. Re-schedule when trial resumes. HOWEVER, 
COLLECTION OF PARENT RATINGS THAT DO NOT REQUIRE 
IN-PERSON CONTACT CAN OCCUR. LOCAL SITE STUDY 
COORDINATORS WILL RECEIVE ISNTRUCTION ABOUT HOW 
TO COLELCT, STORE, AND SUBMIT THESE DATA. IMPACT: 
Current protocol allows up to 2 months delay. We hope that this 
will be adequate for most disruptions. However, we are not 
certain. We will re-consider whether we will permit obtaining this 
assessment even later than 8 months post-treatment and notify 
sites if we propose extending this time window.  

For Phase 2, UCT families only: Pre-treatment up 
to day 1 I-ACQUIRE 

DO NOT PROCEED. DO NOT RE-CONSENT UNTIL THE 
STUDY RESUMES. Okay to re-consent and re-schedule when the 
trial resumes. All of the above guidelines are the same for the 
crossover children. If treatment is re-scheduled after the family 
has re-consented but before Treatment has started, then the child 
will need to have a new pre-treatment assessment 1 (baseline). 
(For the UCT children their 6-month assessment serves as their 
new baseline for the crossover treatment phase.). 

During the 4 weeks of Treatment Between Day 17 
and Day 20 of Treatment

See above
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At Post-treatment Assessment 1 See above

At Post-treatment 2 Assessment (6 months later) See above

12 REFERENCES 

Bibliography and References Cited

1. Lee, S., Mirsky, D. M., Beslow, L. A., Amlie-Lefond, C., Danehy, A. R., Lehman, L., Stence, N.V., 
Vossough, A., Wintermark, M., & Rivkin, M. J., for the International Paediatric Stroke Study Neuroimaging 
Consortium and the Paediatric Stroke Neuroimaging Consortium (2017). Pathways for neuroimaging of 
neonatal stroke. Pediatric Neurology, 69, 37-48. doi:10.1016/j.pediatrneurol.2016.12.008 PMID: 
28262550

2. Lynch, J. K., & Nelson, K. B. (2001). Epidemiology of perinatal stroke. Current Opinion in Pediatrics, 
13(6), 499-505. PMID:11753097

3. Mackay, M. T., Wiznitzer, M., Benedict, S. L., Lee, K. J., Deveber, G. A., & Ganesan, V. (2011). Arterial 
ischemic stroke risk factors: The International Pediatric Stroke Study. Annals of Neurology, 69(1), 130-
140. doi:10.1002/ana.22224 PMID:21280083

4. Kirton, A., Armstrong-Wells, J., Chang, T., Deveber, G., Rivkin, M. J., Hernandez, M., . . . Ferriero, D. M. 
(2011). Symptomatic neonatal arterial ischemic stroke: The International Pediatric Stroke Study. 
Pediatrics, 128(6), e1402-1410. doi:10.1542/peds.2011-1148 PMID:22123886

5. Rutherford, M. A., Ramenghi, L. A., & Cowan, F. M. (2012). Neonatal stroke. Archives of Disease in 
Childhood Fetal and Neonatal Edition, 97(5), F377-384. doi:10.1136/fetalneonatal-2010-196451 
PMID:22933099

6. Grunt, S., Mazenauer, L., Buerki, S. E., Boltshauser, E., Mori, A. C., Datta, A. N., . . . Steinlin, M. (2015). 
Incidence and outcomes of symptomatic neonatal arterial ischemic stroke. Pediatrics, 135(5), e1220-
1228. doi:10.1542/peds.2014-1520 PMID:25896840

7. van der Aa, N. E., Benders, M. J., Groenendaal, F., & de Vries, L. S. (2014). Neonatal stroke: A review 
of the current evidence on epidemiology, pathogenesis, diagnostics and therapeutic options. Acta 
Paediatrica, 103(4), 356-364. doi:10.1111/apa.12555 PMID:24428836

8. Kirton, A., & Deveber, G. (2013). Life after perinatal stroke. Stroke, 44(11), 3265-3271. 
doi:10.1161/strokeaha.113.000739 PMID:24105698

9. Hartel, C., Schilling, S., Sperner, J., & Thyen, U. (2004). The clinical outcomes of neonatal and childhood 
stroke: Review of the literature and implications for future research. European Journal of Neurology, 
11(7), 431-438. doi:10.1111/j.1468-1331.2004.00861.x PMID:15257679

10. Nelson, K. B., & Lynch, J. K. (2004). Stroke in newborn infants. The Lancet Neurology, 3(3), 150-158. 
doi:10.1016/s1474-4422(04)00679-9 PMID:14980530

11. Schulzke, S., Weber, P., Luetschg, J., & Fahnenstich, H. (2005). Incidence and diagnosis of unilateral 
arterial cerebral infarction in newborn infants. Journal of Perinatal Medicine, 33(2), 170-175. 
doi:10.1515/jpm.2005.032 PMID:15843270

12. Schneider, A. T., Kissela, B., Woo, D., Kleindorfer, D., Alwell, K., Miller, R., . . . Broderick, J. (2004). 
Ischemic stroke subtypes: A population-based study of incidence rates among blacks and whites. Stroke, 
35(7), 1552-1556. doi:10.1161/01.STR.0000129335.28301.f5 PMID:15155974

13. Case-Smith, J., Frolek-Clark, G. J., & Schlabach, T. L. (2013). Systematic review of interventions used 
in occupational therapy to promote motor performance for children ages birth-5 years. American Journal 
of  Occupational Therapy, 67(4), 413-424. doi:10.5014/ajot.2013.005959 PMID:23791316

14. Case-Smith, J., & O'Brien, J.C. (2015). Occupational therapy for children and adolescents, 7th edition. 
St. Louis, MO: Mosby/Elsevier.

15. Gordon, A. L., & di Maggio, A. (2012). Rehabilitation for children after acquired brain injury: Current and 
emerging approaches. Pediatric Neurology, 46(6), 339-344. doi:10.1016/j.pediatrneurol.2012.02.029 
PMID:22633627



I-ACQUIRE Study– v4.0 20 April 2020 44

16. DeLuca, S.C. Echols, K., & Ramey, S.L. (2007). ACQUIREc therapy: A training manual for effective 
application of pediatric Constraint-Induced Movement Therapy. Hillsborough, NC: Mindnurture.

17. Ramey, S. L., DeLuca, S.C., & Coker-Bolt, P. (2013). Operationalizing pediatric CIMT: Guidelines for 
transforming basic principles and scientific evidence into clinical practice for individual children. In S. L. 
Ramey, P. Coker-Bolt, & S. C. DeLuca (Eds.), Handbook of pediatric Constraint-Induced Movement 
Therapy (CIMT): A guide for occupational therapy and health care clinicians, researchers, and educators 
(pp. 115-128). Bethesda, MD: AOTA Press.

18. Reiss, A.P., Wolf, S.L. Hammel, E.A., McLeod, E.L. & Williams, E.A. (2012). Constraint-Induced 
Movement Therapy (CIMT): Current perspectives and future directions. Stroke Research and Treatment. 
12. http://dx.doi.org/10.1155/2012/159391

19. Institute of Medicine (2011). The National Academies collection: Reports funded by National Institutes of 
Health. In L. A. Olsen, R. S. Saunders, & J. M. McGinnis (Eds.), Patients charting the course: Citizen 
engagement and the learning health system: Workshop summary. Washington (DC): National Academies 
Press (US) National Academy of Sciences.

20. Riley, W. T., Glasgow, R. E., Etheredge, L., & Abernethy, A. P. (2013). Rapid, responsive, relevant (R3) 
research: A call for a rapid learning health research enterprise. Clinical and Translational Medicine, 2, 
10. http://doi.org/10.1186/2001-1326-2-10 PMCID: PMC3658895

21. Taub, E., Ramey, S. L., DeLuca, S., & Echols, K. (2004). Efficacy of Constraint-Induced Movement 
Therapy for children with cerebral palsy with asymmetric motor impairment. Pediatrics, 113(2), 305-312. 
PMID:14754942

22. Krumlinde-Sundholm, L., & Eliasson, A. C. (2009). Development of the Assisting Hand Assessment: A 
Rasch-built measure intended for children with unilateral upper limb impairments. Scandinavian Journal 
of Occupational Therapy, 10(1), 16-26. doi:10.1080/11038120310004529

23. Avery, L. M., Russell, D. J. and Rosenbaum, P. L. (2013). Criterion validity of the GMFM-66 item set and 
the GMFM-66 basal and ceiling approaches for estimating GMFM-66 scores. Developmental Medicine 
and Child Neurology, 55, 534-538. PMID:23448693

24. Bayley, N. (2006). Bayley Scales of Infant and Toddler Development (3rd edition). San Antonio, TX: 
Harcourt.

25. Haley, S. M., Coster, W. J., Dumas, H. M., Fragala-Pinkham, M. A., Kramer, J., Ni, P., . . . Ludlow, L. H. 
(2011). Accuracy and precision of the Pediatric Evaluation of Disability Inventory computer-adaptive tests 
(PEDI-CAT). Developmental Medicine and Child Neurology, 53(12), 1100-1106. doi:10.1111/j.1469-
8749.2011.04107.x PMID:22077695

26. Lowes, L. P., Mayhan, M., Orr, T., Batterson, N., Tonneman, J. A., Meyer, A., . . . Case-Smith, J. (2014). 
Pilot study of the efficacy of Constraint-Induced Movement Therapy for infants and toddlers with cerebral 
palsy. Physical and Occupational Therapy in Pediatrics, 34(1), 4-21. doi:10.3109/01942638.2013.810186 
PMID:23848499

27. Bemister, T. B., Brooks, B. L., Dyck, R. H., & Kirton, A. (2014). Parent and family impact of raising a child 
with perinatal stroke. BioMed Central Pediatrics, 14, 182. doi:10.1186/1471-2431-14-182 
PMID:25018138

28. Davis, E., Shelly, A., Waters, E., Boyd, R., Cook, K., Davern, M., & Reddihough, D. (2010). The impact 
of caring for a child with cerebral palsy: Quality of life for mothers and fathers. Child: Care, Health and 
Development, 36(1), 63-73. doi:10.1111/j.1365-2214.2009.00989.x PMID:19702639

29. Honeycutt, A.A., Grosse, S.D., Dunlap, L.J., Schendel, D.E., Chen, H., Brann, E., & al Homsi, G. (2003). 
Economic costs of mental retardation, cerebral palsy, hearing loss, and vision impairment. In B.M. 
Altman, S.N. Barnartt, G.E. Hendershot, & S.A. Larson (Eds.) Using survey data to study disability: 
Results from the National Health Survey on Disability (pp. 207-228). London, England: Elsevier Science 
Ltd.

30. Chen, C. Y., Tafone, S., Lo, W.D., & Heathcock, J. C. (2015). Perinatal stroke causes abnormal trajectory 
and laterality in reaching during early infancy. Research in Developmental Disabilities, 38, 301-308. 
doi:10.1016/j.ridd.2014.11.014 PMID:25577180

31. Chen, C. Y., Lo, W. D., & Heathcock, J. C. (2013). Neonatal stroke causes poor midline motor behaviors 
and poor fine and gross motor skills during early infancy. Research in Developmental Disabilities, 34(3), 
1011-1017. doi:10.1016/j.ridd.2012.11.028 PMID:23291519

http://onlinelibrary.wiley.com/doi/10.1111/dmcn.12120/abstract
http://onlinelibrary.wiley.com/doi/10.1111/dmcn.12120/abstract


I-ACQUIRE Study– v4.0 20 April 2020 45

32. deVeber, G. A., MacGregor, D., Curtis, R., & Mayank, S. (2000). Neurologic outcome in survivors of 
childhood arterial ischemic stroke and sinovenous thrombosis. Journal of Child Neurology, 15(5), 316-
324. doi:10.1177/088307380001500508 PMID:10830198

33. Kirton, A., & deVeber, G. (2006). Cerebral palsy secondary to perinatal ischemic stroke. Clinics in 
Perinatology, 33(2), 367-386. doi:10.1016/j.clp.2006.03.008 PMID:16765730

34. Blauw-Hospers, C. H., & Hadders-Algra, M. (2005). A systematic review of the effects of early intervention 
on motor development. Developmental Medicine and Child Neurology, 47(6), 421-432. PMID:15934492

35. Novak, I., McIntyre, S., Morgan, C., Campbell, L., Dark, L., Morton, N., . . . Goldsmith, S. (2013). A 
systematic review of interventions for children with cerebral palsy: State of the evidence. Developmental 
Medicine and Child Neurology, 55(10), 885-910. doi:10.1111/dmcn.12246 PMID:23962350

36. Rosenbaum, P., Paneth, N., Leviton, A., Goldstein, M., Bax, M., Damiano, D., . . . Jacobsson, B. (2007). 
A report: The definition and classification of cerebral palsy April 2006. Developmental Medicine and Child 
Neurology Supplement, 109(6), 8-14. doi:10.1111/j.1469-8749.2007.tb12610.x. PMID:17370477

37. Ramey, S. L., & DeLuca, S.C. (2013). Appendix A: Key findings from original research articles with 
functional and occupational outcomes of Pediatric CIMT and related componential interventions. In S.L. 
Ramey, P. Coker-Bolt, & S.C. DeLuca (Eds.), Handbook of pediatric Constraint-Induced Movement 
Therapy: A guide for occupational therapy and health care clinicians, researchers, and educators (pp. 
pp. 283-293). Bethesda, MD: AOTA Press.

38. Aarts, P. B., Jongerius, P. H., Geerdink, Y. A., van Limbeek, J., & Geurts, A. C. (2010). Effectiveness of 
modified Constraint-Induced Movement Therapy in children with unilateral spastic cerebral palsy: A 
randomized controlled trial. Neurorehabilitation and Neural Repair, 24(6), 509-518. 
doi:10.1177/1545968309359767 PMID:20424191

39. Charles, J. R., Wolf, S. L., Schneider, J. A., & Gordon, A. M. (2006). Efficacy of a child-friendly form of 
Constraint-Induced Movement Therapy in hemiplegic cerebral palsy: A randomized control trial. 
Developmental Medicine and Child Neurology, 48(8), 635-642. doi:10.1017/S0012162206001356 
PMID:16836774

40. Cope, S. M., Forst, H. C., Bibis, D., & Liu, X. C. (2008). Modified Constraint-Induced Movement Therapy 
for a 12-month-old child with hemiplegia: A case report. American Journal of  Occupational Therapy, 
62(4), 430-437. PMID:18712005

41. Eliasson, A. C., Krumlinde-Sundholm, L., Shaw, K., & Wang, C. (2005). Effects of Constraint-Induced 
Movement Therapy in young children with hemiplegic cerebral palsy: An adapted model. Developmental 
Medicine and Child Neurology, 47(4), 266-275. PMID:15832550

42. Eliasson, A. C. (2005). Improving the use of hands in daily activities: Aspects of the treatment of children 
with cerebral palsy. Physical & Occupational Therapy in Pediatrics, 25(3), 37-60. PMID:16120555

43. Sutcliffe, T. L., Logan, W. J., & Fehlings, D. L. (2009). Pediatric Constraint-Induced Movement Therapy 
is associated with increased contralateral cortical activity on functional magnetic resonance imaging. 
Journal of Child Neurology, 24(10), 1230-1235. doi:10.1177/0883073809341268 PMID:19805822

44. Kennard, M. A. (1936). Age and other factors in motor recovery from precentral lesions in monkeys. 
American Journal of Physiology, 115, 138-146. 

45. Cramer, S. C., Sur, M., Dobkin, B. H., O'Brien, C., Sanger, T. D., Trojanowski, J. Q., . . . Vinogradov, S. 
(2011). Harnessing neuroplasticity for clinical applications. Brain, 134(Pt 6), 1591-1609. 
doi:10.1093/brain/awr039 PMID:21482550

46. Ghotra, S. K., Johnson, J. A., Qiu, W., Newton, A., Rasmussen, C., & Yager, J. Y. (2015). Age at stroke 
onset influences the clinical outcome and health-related quality of life in pediatric ischemic stroke 
survivors. Developmental Medicine and Child Neurology, 57(11), 1027-1034. doi:10.1111/dmcn.12870 
PMID:26307431

47. Aisen, M. L., Kerkovich, D., Mast, J., Mulroy, S., Wren, T. A., Kay, R. M., & Rethlefsen, S. A. (2011). 
Cerebral palsy: Clinical care and neurological rehabilitation. The Lancet. Neurology, 10(9), 844-852. 
doi:10.1016/S1474-4422(11)70176-4 PMID:21849165

48. Sontheimer, H. (2015). Diseases of the nervous system. United States of America: Elsevier, Inc.
49. Spear, N. E., Spear, L.P., & Woodruff, M. (Eds.) (1995). Neurobehavioral plasticity: Learning, 

development, and response to brain insults. Hillsdale, NJ: Erlbaum.
50. Pierce, W. D., & Cheney, C. D. (2013). Behavior analysis and learning: Fifth edition. New York and 

London: Taylor and Francis.



I-ACQUIRE Study– v4.0 20 April 2020 46

51. Skinner, B. F. (1968). The Technology of Teaching. East Norwalk, CT: Appleton-Century-Crofts.
52. McSweeney, F. K., Murphy, E.S. (Eds.). (2014). The Wiley Blackwell Handbook of Operant and Classical 

Conditioning. West Sussex, UK: John Wiley and Sons, Ltd.
53. Gerhardstein, P., Kraebel, K., & Tse, J. (2006). Using operant techniques with humans infants. The 

Behavior Analyst Today, 7(1), 56-69. doi:10.1037/h0100142
54. Henton, W. W., & Iversen, I. H. (1978). Classical and operant conditioning: A response pattern analysis. 

New York: Springer.
55. Bijou, S. W., & Baer, D. M. (1961). Child development: Universal stage of infancy. New York: Appleton-

Century-Crofts.
56. Gordon, A. M. (2013). Intensive bimanual training approaches to upper-extremity rehabilitation in children 

with cerebral palsy. In S. L. Ramey, P. Coker-Bolt, & S. C. DeLuca (Eds.), Handbook of pediatric 
Constraint-Induced Movement Therapy (CIMT): A guide for occupational therapy and health care 
clinicians, researchers, and educators (pp. pp. 221-234). Bethesda, MD: AOTA Press.

57. Wolf, S. L., Winstein, C. J., Miller, J. P., Taub, E., Uswatte, G., Morris, D., . . . Investigators, E. (2006). 
Effect of Constraint-Induced Movement Therapy on upper extremity function 3 to 9 months after stroke: 
The EXCITE randomized clinical trial. JAMA, 296(17), 2095-2104. doi:10.1001/jama.296.17.2095 
PMID:17077374

58. Woodbury, M. L., Fritz, S. L., Blanton, S., & Wolf, S. L. (2013). History and development of CIMT for 
adults with stroke. In S. L. Ramey, P. Coker-Bolt, & S. C. DeLuca (Eds.), Handbook of pediatric 
Constraint-Induced Movement Therapy (CIMT): A guide for occupational therapy and health care 
clinicians, researchers and educators. (pp. 3-18). Bethesda, MD: AOTA Press.

59. Hodics, T., Cohen, L. G., & Cramer, S. C. (2006). Functional imaging of intervention effects in stroke 
motor rehabilitation. Archives of Physical Medicine and Rehabilitation, 87(12 Suppl 2), S36-42. 
doi:10.1016/j.apmr.2006.09.005 PMID:17140878

60. Juenger, H., Linder-Lucht, M., Walther, M., Berweck, S., Mall, V., & Staudt, M. (2007). Cortical 
neuromodulation by Constraint-Induced Movement Therapy in congenital hemiparesis: An fMRI study. 
Neuropediatrics, 38(3), 130-136. doi:10.1055/s-2007-985904 PMID:17985262

61. Kim, Y. H., Park, J. W., Ko, M. H., Jang, S. H., & Lee, P. K. (2004). Plastic changes of motor network 
after Constraint-Induced Movement Therapy. Yonsei Medical Journal, 45(2), 241-246. 
doi:10.3349/ymj.2004.45.2.241 PMID:15118995

62. Sutcliffe, T. L., Gaetz, W. C., Logan, W. J., Cheyne, D. O., & Fehlings, D. L. (2007). Cortical 
reorganization after modified Constraint-Induced Movement Therapy in pediatric hemiplegic cerebral 
palsy. Journal of Child Neurology, 22(11), 1281-1287. doi:10.1177/0883073807307084 PMID:18006957

63. Reid, L. B., Rose, S. E., & Boyd, R. N. (2015). Rehabilitation and neuroplasticity in children with unilateral 
cerebral palsy. Nature Reviews. Neurology, 11(7), 390-400. doi:10.1038/nrneurol.2015.97 
PMID:26077839

64. Ramey, S. L., & DeLuca, S.C. (2013). Pediatric CIMT: History and definition. In S. L. Ramey, P. Coker-
Bolt, & S. C. DeLuca (Eds.), Handbook of pediatric Constraint Induced Movement Therapy (CIMT):  A 
guide for occupational therapy and health care clinicians, researchers, and educators (pp. (19-40)). 
Bethesda, MD: AOTA Press.

65. de Campos, A. C., Rocha, N. A., & Savelsbergh, G. J. (2009). Reaching and grasping movements in 
infants at risk: A review. Research in Developmental Disabilities, 30(5), 819-826. 
doi:10.1016/j.ridd.2009.01.004 PMID:19233612 PMID:19233612

66. DeLuca, S. C., Echols, K., Law, C. R., & Ramey, S. L. (2006). Intensive pediatric Constraint-Induced 
Therapy for children with cerebral palsy: Randomized, controlled, crossover trial. Journal of Child 
Neurology, 21(11), 931-938. doi:10.1177/08830738060210110401 PMID:17092457

67. Ramey, S. L., Echols, K., Ramey, C.T., & Newell, W. (2000). Understanding early intervention. In M. L. 
B. (Ed.) (Ed.), When your child has a disability: The complete sourcebook of daily and medical care (2nd 
ed.) (pp. pp. 73-84). Baltimore, MD: Paul H. Brookes.

68. Ramey, S. L., DeLuca, S. C., & Echols, K. (2003). Resilience in families with children who are exceptional. 
In E. H. G. (Ed.) (Ed.), Resilience for today (pp. pp. 81-104). Westport, CT: Greenwood Publishers.

69. Coker-Bolt, P., Trucks, M. R., & Lutenbacher, R. (2013). Working with families and therapy teams to 
maximize pediatric CIMT benefits. In S. L. Ramey, P. Coker-Bolt, & S. C. DeLuca (Eds.), Handbook of 



I-ACQUIRE Study– v4.0 20 April 2020 47

pediatric Constraint-Induced Movement Therapy: A guide for occupational therapy and health care 
clinicians, researchers, and educators (pp. 249-264). Bethesda, MD: AOTA Press.

70. Sontheimer, H. (2015). Diseases of the nervous system. United States of America: Elsevier, Inc.
71. Spear, N. E., Spear, L.P., & Woodruff, M. (Eds.) (1995). Neurobehavioral Plasticity: Learning,. 

Development and Response to Brain Insults. Hillsdale, NJ: Erlbaum.
72. Sutcliffe, T. L., Gaetz, W. C., Logan, W. J., Cheyne, D. O., & Fehlings, D. L. (2007). Cortical 

reorganization after modified Constraint-Induced Movement Therapy in pediatric hemiplegic cerebral 
palsy. Journal of Child Neurology, 22(11), 1281-1287. doi:10.1177/0883073807307084 PMID:18006957

73. Thomas, J. R., Yan, J. H., & Stelmach, G. E. (2000). Movement substructures change as a function of 
practice in children and adults. Journal of Experimental Child Psychology, 75(3), 228-244. 
doi:10.1006/jecp.1999.2535 PMID:10666326

74. Cao, V. Y., Ye, Y., Mastwal, S., Ren, M., Coon, M., Liu, Q., . . . Wang, K. H. (2015). Motor learning 
consolidates arc-expressing neuronal ensembles in secondary motor cortex. Neuron, 86(6), 1385-1392. 
doi:10.1016/j.neuron.2015.05.022 PMID:26051420

75. Homberg, J. R., Kyzar, E. J., Scattoni, M. L., Norton, W. H., Pittman, J., Gaikwad, S., . . . Kalueff, A. V. 
(2016). Genetic and environmental modulation of neurodevelopmental disorders: Translational insights 
from labs to beds. Brain Research Bulletin, 125, 79-91. doi:10.1016/j.brainresbull.2016.04.015 
PMID:27113433

76. Fuentes, A., Deotto, A., Desrocher, M., deVeber, G., & Westmacott, R. (2016). Determinants of cognitive 
outcomes of perinatal and childhood stroke: A review. Child Neuropsychology, 22(1), 1-38. 
doi:10.1080/09297049.2014.969694 PMID:25355013

77. Ganesan, V. (2015). Improving prognostication in childhood stroke. Developmental Medicine and Child 
Neurology, 57(11), 987-988. doi:10.1111/dmcn.12795 PMID:26307383

78. Waitzman, N. J., Romano, P. S., & Scheffler, R. M. (1994). Estimates of the economic costs of birth 
defects. Inquiry, 31(2), 188-205. PMID:8021024

79. Vogtle, L. K. (2009). Pain in adults with cerebral palsy: Impact and solutions. Developmental Medicine 
and Child Neurology, 51 Suppl 4, 113-121. doi:10.1111/j.1469-8749.2009.03423.x PMID:19740218

80. Israel, B. A., Parker, E.A., Rowe, Z, Salvatore, A., Minkler, M., .  .  . Halstead, S. (2005). Community-
based participatory research: Lessons learned from the Centers for Children's Environmental Health and 
Disease Prevention Research. Environmental Health Perspectives, 113(10), 1463-1471. 
doi:10.1289/ehp.7675 PMID:16203263

81. Israel, B. A., Schulz, A. J., Parker, E. A., & Becker, A. B. (1998). Review of community-based research: 
Assessing partnership approaches to improve public health. Annual Review of Public Health, 19, 173-
202. doi:10.1146/annurev.publhealth.19.1.173 PMID:9611617

82. DeLuca, S. C., Echols, K., Ramey, S. L., & Taub, E. (2003). Pediatric Constraint-Induced Movement 
Therapy for a young child with cerebral palsy: Two episodes of care. Physical Therapy, 83(11), 1003-
1013. PMID:14577827

83. Wolf, S. L., Winstein, C. J., Miller, J. P., Thompson, P. A., Taub, E., Uswatte, G., . . . Clark, P.C. (2008). 
Retention of upper limb function in stroke survivors who have received Constraint-Induced Movement 
Therapy: The EXCITE randomized trial. Lancet Neurology, 7(1), 33-40. doi:10.1016/S1474-
4422(07)70294-6 PMID:18077218

84. Wolf, S. L., Thompson, P. A., Winstein, C. J., Miller, J. P., Blanton, S.R., Nichols-Larson, D.S., . . . Sawaki, 
L. (2010). The EXCITE stroke trial: Comparing early and delayed Constraint-Induced Movement Therapy. 
Stroke, 41(10), 2309-2315. doi:10.1161/STROKEAHA.110.588723 PMID:20814005

85. Taub, E., Crago, J. E., Burgio, L. D., Groomes, T. E., Cook 3rd, E. W., DeLuca, S. C., & Miller, N. E. 
(1994). An operant approach to rehabilitation medicine: overcoming learned nonuse by shaping. Journal 
of the Experimental Analysis of Behavior, 61(2), 281-293. doi:10.1901/jeab.1994.61-281 PMID:8169577

86. Cope, S. M., Forst, H. C., Bibis, D., & Liu, X. C. (2008). Modified Constraint-Induced Movement Therapy 
for a 12-month-old child with hemiplegia: A case report. American Journal of Occupational Therapy, 
62(4), 430-437. PMID:18712005

87. Vygotsky, L. (2012). Thought and language: Revised and expanded edition. In G. V. E. Hanfmann, & A. 
Kozulin (Eds.). Cambridge, MA & London, England: The MIT Press.



I-ACQUIRE Study– v4.0 20 April 2020 48

88. Zipp, G. P., & Winning, S. (2012). Effects of Constraint-Induced Movement Therapy on gait, balance, and 
functional locomotor mobility. Pediatric Physical Therapy, 24(1), 64-68. 
doi:10.1097/PEP.0b013e31823e0245 PMID:22207472

89. Rostami, H. R., & Malamiri, R. A. (2012). Effect of treatment environment on modified Constraint-Induced 
Movement Therapy results in children with spastic hemiplegic cerebral palsy: A randomized controlled 
trial. Disability and Rehabilitation, 34(1), 40-44. doi:10.3109/09638288.2011.585214 PMID:21851293

90. Karakostas, T., & King, E. C. (2013). Beyond upper-extremity benefits of pediatric CIMT: Reported 
changes in gait and other neuromotor skills. In S. L. Ramey, P. Coker-Bolt, & S. C. DeLuca (Eds.), 
Handbook of pediatric Constraint-Induced Movement Therapy: A guide for occupational therapy and 
health care clinicians, researchers, and educators (pp. 235-245). Bethesda, MD: AOTA Press.

91. Allison, K. M., Reidy, T. G., Boyle, M., Naber, E., Carney, J., & Pidcock, F. S. (2017). Speech production 
gains following Constraint-Induced Movement Therapy in children with hemiparesis. Journal of Pediatric 
Rehabilitation Medicine, 10(1), 3-9. doi:10.3233/prm-170405 PMID:28339405

92. Reidy, T. G., Carney, J., Whiston, N., & Naber, E. (2017). Infant Constraint Induced Movement Therapy: 
Lessons learned from clinical implementation. Journal of Pediatric Rehabilitation Medicine, 10(1), 61-67. 
doi:10.3233/prm-170411 PMID:28339411

93. DeLuca, S. C., Case-Smith, J., Stevenson, R., & Ramey, S. L. (2012). Constraint-Induced Movement 
Therapy (CIMT) for young children with cerebral palsy: Effects of therapeutic dosage. Journal of Pediatric 
Rehabilitation and Medicine, 5(2), 133-142. doi:10.3233/PRM-2012-0206 PMID:22699104

94. Case-Smith, J., DeLuca, S. C., Stevenson, R., & Ramey, S. L. (2012). Multicenter randomized controlled 
trial of Pediatric Constraint-Induced Movement Therapy: 6-month follow-up. American Journal of 
Occupational Therapy, 66(1), 15-23. PMID:22389937

95. DeLuca, S. C., Trucks, M. R., Wallace, D. A., & Ramey, S. L. (2017). Practice-based evidence from a 
clinical cohort that received pediatric Constraint- Induced Movement Therapy. Journal of Pediatric 
Rehabilitation and Medicine, 10(1), 37-46. doi:10.3233/PRM-170409 PMID:28339409

96. DeLuca, S.C., Ramey, S., Trucks, M.R., Wallace, D. (2016). Constraint-Induced Movement Therapy 
(CIMT) for Infants and Toddlers. Presentation, American Academy of Cerebral Palsy and Developmental 
Medicine. Hollywood, FL.

97. Lang, C. E., Edwards, D. F., Birkenmeier, R. L., & Dromerick, A. W. (2008). Estimating minimal clinically 
important differences of upper-extremity measures early after stroke. Archives of Physical Medicine and 
Rehabilitation, 89(9), 1693-1700. doi:10.1016/j.apmr.2008.02.022 PMID:18760153

98. Karras, D. J., Sammon, M. E., Terregino, C. A., Lopez, B. L., Griswold, S. K., & Arnold, G. K. (2000). 
Clinically meaningful changes in quantitative measures of asthma severity. Academic Emergency 
Medicine, 7(4), 327-334. PMID:10805619

99. Hudson, K., & Collins, F. (2014, November 19). Honoring our promise: Clinical trial data sharing. NIH 
Director’s Blog. Retrieved from https://directorsblog.nih.gov/2014/11/19/honoring-our-promise-clinical-
trial-data-sharing-2/

100.Eliasson, A. C., Krumlinde-Sundholm, L., Rosblad, B., Beckung, E., Arner, M., Ohrvall, A. M., & 
Rosenbaum, P. (2006). The Manual Ability Classification System (MACS) for children with cerebral palsy: 
Scale development and evidence of validity and reliability. Developmental Medicine and Child Neurology, 
48(7), 549-554. doi:10.1017/S0012162206001162 PMID:16780622

101.Gordon, A. M. (2011). To constrain or not to constrain, and other stories of intensive upper extremity 
training for children with unilateral cerebral palsy. Developmental Medicine and Child Neurology, 
53(Suppl 4), 56-61. doi:10.1111/j.1469-8749.2011.04066.x PMID:21950396

102.Gordon, A. M. (2013). Intensive bimanual training approaches to upper-extremity rehabilitation in children 
with cerebral palsy. In S. L. Ramey, P. Coker-Bolt, & S. C. DeLuca (Eds.), Handbook of pediatric 
Constraint-Induced Movement Therapy (CIMT): A guide for occupational therapy and health care 
clinicians, researchers, and educators (pp. pp. 221-234). Bethesda, MD: AOTA Press.

103.Gordon, A. M., Chinnan, A., Gill, S., Petra, E., Hung, Y. C., & Charles, J. (2008). Both Constraint-Induced 
Movement Therapy and bimanual training lead to improved performance of upper extremity function in 
children with hemiplegia. Developmental Medicine and Child Neurology, 50(12), 957-958. 
PMID:19160464



I-ACQUIRE Study– v4.0 20 April 2020 49

104.Heathcock, J. C., Lobo, M., & Galloway, J. C. (2008). Movement training advances the emergence of 
reaching in infants born at less than 33 weeks of gestational age: a randomized clinical trial. Physical 
Therapy, 88(3), 310-322. doi:10.2522/ptj.20070145 PMID:18096650

105.Eltahir, A.M., DeLuca, S.C., King-Casas, B., LaConte, S.M., Ramey, S. L. (2017, May). Assessing 
Functional Connectivity Changes Induced by CIMT using FNIRS.  Presentation at the Virginia Tech/ 
Wake Forest University 16th Annual Graduate Student Research Symposium.

106.von Hofsten, C. (1991). Structuring of early reaching movements: a longitudinal study. Journal of Motor 
Behavior, 23(4), 280-292. doi:10.1080/00222895.1991.9942039 PMID:14766510

107.Case-Smith, J., & Alexander, H. (2010). The Bayley-III Motor Scale. In L. G. Weiss, T. Oakland, & G. 
Aylward (Eds.), Bayley-III clinical use and interpretation (pp. 77-146). San Diego, CA: Academic Press.

108.Chen, C. Y., Lo, W. D., & Heathcock, J. C. (2013). Neonatal stroke causes poor midline motor behaviors 
and poor fine and gross motor skills during early infancy. Research in Developmental Disabilities, 34(3), 
1011-1017. doi:10.1016/j.ridd.2012.11.028 PMID:23291519

109.Friedman, Furberg, DeMets et al. (2015). Fundamentals of Clinical Trials, 5th ed. pp 178-179.
110.Zhao W, Hill MD, Palesch Y. (2015). Minimal sufficient balance—a new strategy to balance baseline 

covariates and preserve randomness of treatment allocation. Statistical methods in medical research. 
Dec; 24(6):989-1002.

111.Greaves, S., Imms, C., Dodd, K., & Krumlinde-Sundholm, L. (2013). Development of the Mini-Assisting 
Hand Assessment: Evidence for content and internal skill validity. Developmental Medicine and Child 
Neurology, 55(11), 1030-1037. doi:10.1111/dmcn.12212. PMID:23899017

112.Greaves, S., Imms, C., Dodd, K., & Krumlinde-Sundholm, L. (2010). Assessing bimanual performance in 
young children with hemiplegic cerebral palsy: a systematic review. Developmental Medicine and Child 
Neurology, 52(5), 413-421. doi:10.1111/j.1469-8749.2009.03561.x PMID:20059510

113.Greaves, S., Imms, C., Krumlinde-Sundholm, L., Dodd, K., & Eliasson, A. C. (2012). Bimanual behaviours 
in children aged 8-18 months: A literature review to select toys that elicit the use of two hands. Research 
in Developmental Disabilities, 33(1), 240-250. doi:10.1016/j.ridd.2011.09.012 PMID: 22093670

114.Cohen, S. Kamarck, T. & Mermelstein R. (1983). A global measure of perceived stress. Journal of Health 
and Social Behavior, 24, 385-396. PMID:6668417

115.Fischer, J. V., Ramey, S.L., DeLuca, S.C., Stevenson, R.D., & Darragh, A. (2016). Novel high dosage 
pediatric therapy and parental report of stress. Paper presented at the Pediatric Academic Societies 
(PAS) Annual Meeting, Baltimore, MD. 

116.Hsu, J.C. (1992). The factor analytic approach to simultaneous inference in the general linear model. 
Journal of Computational and Graphical Statistics, 1(2), 151-68.

117.Pampallona S., Tsiatis A.A., Kim K.M. (2001). Interim monitoring of group sequential trials using spending 
functions for the Type I and Type II error probabilities. Drug Information Journal; 35:1113-1121

118.O'Brien PC, Fleming TR. (1979). A multiple testing procedure for clinical trials. Biometrics 35:549-556.
119.Freedman, B. (1987). Equipoise and the ethics of clinical research. New England Journal of Medicine, 

317(3), 141-145. doi:10.1056/nejm198707163170304 PMID:3600702
120.Miller, F. G., & Joffe, S. (2011). Equipoise and the dilemma of randomized clinical trials. New England 

Journal of Medicine, 364(5), 476-480. doi:10.1056/NEJMsb1011301 PMID:21288100
121.Cramer, S. C., Wolf, S. L., Adams, H. P. Jr., Chen, D., Dromerick, A.W., Dunning, K., .  .  . Broderick, 

J.P. (2017). Stroke recovery and rehabilitation research: Issues, opportunities, and the National Institutes 
of Health StrokeNet. Stroke, 48(3), 813-819. doi:10.1161/STROKEAHA.116.015501 PMID:28174324

122.National Research Council (2015). Enhancing the effectiveness of team science. Washington, DC: The 
National Academies Press. Retrieved from https://doi.org/10.17226/19007.

123.Stokols, D., Hall, K. L., Taylor, B. K., & Moser, R.P. (2008). The science of team science: Overview of 
the field and introduction to the supplement. American Journal of Preventive Medicine, 35(2 Suppl), S77-
89. doi:10.1016/j.amepre.2008.05.002 PMID:18619407

124.Stokols, D., Harvey, R., Gress, J., Fuqua, J., & Phillips, K. (2005). In vivo studies of transdisciplinary 
scientific collaboration lessons learned and implications for active living research. American Journal of 
Preventive Medicine, 28(2 Suppl 2), 202-213. doi:10.1016/j.amepre.2004.10.016 PMID:15694529

125.Ramey, S. L., Deluca, S. C., Case-Smith, J., & Stevenson, R. (2012). Caution is warranted in interpreting 
data from a recent trial of modified constraint-induced therapy. Developmental Medicine and Child 

https://doi.org/10.17226/19007


I-ACQUIRE Study– v4.0 20 April 2020 50

Neurology, 54(5), 477-479; author reply 479-481. doi:10.1111/j.1469-8749.2012.04240.x 
PMID:22409421

126. Boyd, R. N., Ziviani, J., Sakzewski, L., Novak, I., Badawi, N., Pannek, K., . . . Rose, S. (2017). REACH: 
Study protocol of a randomised trial of rehabilitation very early in congenital hemiplegia. BMJ Open, 
7(9), e017204. doi:10.1136/bmjopen-2017-017204 PMID:28928195

127. Oeffinger, D., Bagley, A., Rogers, S., Gorton, G., Kryscio, R., Abel, M., . . . Tylkowski, C. (2008). 
Outcome tools used for ambulatory children with cerebral palsy: Responsiveness and minimum 
clinically important differences. Developmental Medicine and Child Neurology, 50(12), 918-925. 
doi:10.1111/j.1469-8749.2008.03150.x PMID:19046185

128. DeLuca, S. C., Ramey, S.L., Trucks, M.R., Lutenbacher, R., & Wallace, D.A. (20013). The ACQUIREc 
protocol: What we have learned from a decade of delivering a signature form of Pediatric CIMT. In S. L. 
Ramey, P. Coker-Bolt, & S. C. DeLuca (Eds.), Handbook of Pediatric Constraint-Induced Movement 
Therapy: A Guide for Occupational Therapy and Health Care Clinicians, Researchers, and Educators 
(pp. 129-147). Bethesda, MD: AOTA Press.

129. Bang, H., Ni, L., & Davis, C. E. (2004). Assessment of blinding in clinical trials. Controlled Clinical 
Trials, 25(2), 143-156. doi:https://doi.org/10.1016/j.cct.2003.10.016 PMID: 15020033

130. Fenson L, Dale PS, Reznick JS, Thal D, Bates E, Hartung JP, Pethick S, Reilly JS. The MacArthur 
Communicative Development Inventories: User’s Guide and Technical Manual. Baltimore, MD: Paul H. 
Brookes Publishing; 1993. 

131. Bayley, N., & Aylward, G.P. (2019). Bayley Scales of Infant and Toddler Development (4th Edition). 
Bloomington, MN: NCS Pearson, Inc.


