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Abstract: Understanding the type and frequency of current neonatal intensive care unit (NICU)
therapy services and predictors of referral for therapy services is a crucial first step to supporting
positive long-term outcomes in very preterm infants. This study enrolled 83 very preterm infants
(<32 weeks, gestational age mean 26.5 ± 2.0 weeks; 38 male) from a longitudinal clinical trial. Race,
neonatal medical index, neuroimaging, and frequency of therapy sessions were extracted from
medical records. The Test of Infant Motor Performance and the General Movement Assessment were
administered. Average weekly sessions of occupational therapy, physical therapy, and speech therapy
were significantly different by type, but the magnitude and direction of the difference depended upon
the discharge week. Infants at high risk for cerebral palsy based on their baseline General Movements
Assessment scores received more therapy sessions than infants at low risk for cerebral palsy. Baseline
General Movements Assessment was related to the mean number of occupational therapy sessions
but not physical therapy or speech therapy sessions. Neonatal Medical Index scores and Test of
Infant Motor Performance scores were not predictive of combined therapy services. Medical and
developmental risk factors, as well as outcomes from therapy assessments, should be the basis for
referral for therapy services in the neonatal intensive care unit.

Keywords: therapy services; preterm infants; therapy frequency; neonatal intensive care unit

1. Introduction

In 2020, the incidence of preterm birth (before 37 weeks of gestation) impacted one in
every ten infants born in the United States [1]. Compared with term infants, the medical
cost associated with preterm birth is almost doubled from birth to 2 years of age [2] and is
highest for those with early preterm births [3]. Rates of preterm birth differ by race and
ethnicity with the preterm birth rate at 14.4% among African American women, and 9.1%
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and 9.8% among white and Hispanic women, respectively [1]. Infants who are born preterm
are at a significantly higher risk of developmental disability including cerebral palsy,
intellectual disability, autism spectrum disorders, learning disabilities, and other general
developmental delays [4–7]. These risks, along with attention deficit hyperactivity disorder
(ADHD), brain injury, visual and hearing impairment, and cognitive impairment [8–14]
lead to the need for specialized services such as physical therapy (PT), occupational therapy
(OT), speech and language therapy services (ST), and special education services as well as
many other medical subspecialty services [15]. Developmental difficulties can appear as
early as term equivalent age, even before infants leave the Neonatal Intensive Care Unit
(NICU) [16–19].

Therapies consisting of physical, occupational, or speech–language therapies in the
NICU aim to improve the neurobehavioral, sensory, feeding behavior, state regulation, and
neuromotor function of infants who were born less than 37 weeks of gestational age [20].
The American Academy of Pediatrics (AAP) recommends specialized OT, PT, and ST
therapy services while infants are still in the NICU [21]. Each of these disciplines (OT,
PT, and ST) has specific competency recommendations for training in order to provide
specialized services to infants born preterm within the NICU [22–24]. There is evidence
that therapy interventions beginning in the NICU have benefits on motor skills, oral motor
skills, feeding volume, prevention of scapular–humeral tightness and shoulder retraction,
exploratory problem-solving behaviors, and can result in less asymmetry of reflexes and
movement [25–30]. Further, one systematic review demonstrates that parent-delivered
motor interventions, as guided by a physical or occupational therapist, may improve
both cognitive and motor outcomes in infants born preterm [30]. Engaging parents early
throughout the NICU stay fosters relationship building between a therapist and parent,
and provides parent education about the infant including how to developmentally support
the infant [31]. This engagement is especially important towards the end of the NICU stay
to support the transition from NICU to home.

Given the short and long-term developmental challenges associated with preterm
birth, there is increased emphasis on training therapists to deliver interventions to preterm
infants. Research on the effectiveness of targeted early interventions in the NICU is
needed but should be considered when compared with the current standard of practice.
Understanding the current state of therapy in the NICU, the type and amount of therapy
being administered as usual care, and which demographic, behavioral, and medical risk
factors are associated with access to therapy services will help with intervention research
and public policy. Despite the importance of these questions, to the best of our knowledge,
only one study to date has examined the type and frequency of therapy services provided
for preterm infants in a single-level IV NICU [32]. They found that all included preterm
infants in the NICU received OT and PT services, and 51% received ST [32]. Infants received
OT, PT, and ST therapy an average of between one to two times per week for each service.
Initial referral for PT or OT was due to positioning evaluation and intervention, then
the routine continuation of therapy services was noted at 30 weeks of gestational age [32].
Sicker infants (those on respiratory supports, who had sepsis, or had a brain injury) received
more therapy services before discharge and had an earlier initiation of OT and PT services.
ST services were initiated at 36 weeks, coinciding with feeding/swallowing issues [32].
Though PT, OT, and ST services had some overlap in their interventions, there was a clear
delineation between the services provided [32].

Here, we aim to add to this literature by using primary medical data that documented
the frequency of therapy visits between baseline assessment and NICU discharge for infants
born <32 weeks gestational age and who were part of the Supporting Play Exploration
and Early Development Intervention (SPEEDI2) clinical trial (NCT03518736). SPEEDI is
a three-arm randomized clinical trial, with participants enrolled at three sites. One arm
(SPEEDI_Early) provides an intervention that starts in the NICU and aims to provide an
enriched environment and increased opportunities for infant-initiated movements through
collaborative parent, therapist, and infant interactions during the first months of life [33].
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The objectives of this paper are to (1) describe the therapy services that very preterm
infants received in the NICUs and evaluate if the frequency or type of services changed over
time as infants moved closer to NICU discharge, and (2) evaluate if medical, behavioral, and
sociodemographic infant risk factors (race, NMI, TIMP score, abnormal GMA) influenced
amount or type of therapy services received in the NICU.

2. Methods
2.1. Recruitment and Consenting

Every infant admitted to participating Level IV NICUs during the enrollment period
was screened for eligibility. Initially, only infants <29 weeks of gestation were enrolled from
one of two hospitals; however, following the COVID-19 pandemic, the inclusion criteria
were changed to <32 weeks of gestation and a NICU stay of greater than 28 days. These
criteria are consistent with the state criteria for automatic eligibility for early intervention
ensuring all infants were eligible for the same early intervention services. In addition,
a community hospital with a level III NICU was added as an enrollment site, but all
infants enrolled were counted toward the primary site’s enrollment as all study visits were
completed by the primary hospital’s research team. Infants were offered enrollment if they
were between 35 and 42 weeks of gestation, medically stable, off invasive or non-invasive
ventilation, lived within 100 miles of the hospital, and spoke English. Exclusion criteria
included a diagnosis of a genetic syndrome or musculoskeletal deformity.

2.2. Sample

Participants included 83 infants (mean gestational age of 26.5 (2) weeks) enrolled in
a therapeutic clinical trial and were randomly assigned to one of 3 groups, Usual Care,
SPEEDI_early, and SPEEDI_Late (NCT02153736). While only the infants in SPEEDI_Early
were receiving NICU-based intervention visits, all 3 groups were monitored, and able to
continue their usual clinical care including therapy services (Table 1). The usual care group
received business-as-usual clinical care for the duration of the study, and the SPEEDI_Late
group received additional intervention after being discharged from the NICU. The com-
bined sample’s mean age at baseline assessment was 11.21 (3.57) weeks of chronological
age or 37.35 (4.61) weeks of gestation (Table 1). More than 50 percent were considered to be
at high risk for cerebral palsy or other neurodevelopmental disability based on having a
brain injury demonstrated on cranial ultrasound or poor repertoire, cramped synchronized,
or chaotic general movements at baseline. Of the participants, 46% percent were male, 52%
were Caucasian, 31% were Black, and 14% identified as more than one race. Three percent
identified as Hispanic (Table 1).

Table 1. Descriptives.

Total
(n = 83)

Usual Care
(n = 27)

SPEEDI—Early
(n = 27)

SPEEDI—Late
(n = 29)

High-Risk Strata 65% (54) 63% (17) 67% (18) 66% (19)

Low-Risk Strata 35% (29) 37% (10) 33% (9) 34% (10)

Gender (Male) 46% (38) 52% (14) 44% (12) 41% (12)

Race
Asian
Black/AA
White
Multiple
Unknown/Not Reported

1% (1)
31% (26)
52% (43)
14% (12)
1% (1)

4% (1)
33% (9)
44% (12)
19% (5)
0% (0)

0% (0)
26% (7)
63% (17)
11% (3)
0% (0)

0% (0)
34% (10)
48% (14)
14% (4)
3% (1)

Ethnicity
Hispanic/Latino
Not Hispanic/Latino
Not Reported

4% (3)
93% (77)
4% (3)

4% (1)
93% (25)
4% (1)

4% (1)
93% (25)
4% (1)

3% (1)
93% (27)
3% (1)
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Table 1. Cont.

Total
(n = 83)

Usual Care
(n = 27)

SPEEDI—Early
(n = 27)

SPEEDI—Late
(n = 29)

Gestational Age—Birth (Mean (Std)) 26.49 (1.99) 25.56 (1.42) 26.89 (2.03) 26.07 (2.36)

NMI
3
4
5

18% (15)
10% (8)
72% (60)

22% (6)
15% (4)
63% (17)

19% (5)
4% (1)
77% (21)

14% (4)
10% (3)
76% (22)

PSI (Mean (Std)) 1 64.05 (15.96) 63.17 (14.61) 62.39 (16.56) 66.24 (17.04)

Caption: Sample Descriptive Statistics. (1) Twenty-six (26) infants missing PSI score at baseline (9 in control,
9 in SPEEDI—Early, 8 in SPEEDI—Late); NMI = Neonatal Medical Index; PSI = Parent Stress Index—Short
Form; Std = standard deviation; AA = African American; and SPEEDI = Supporting Play Exploration and Early
Developmental Intervention.

2.3. Primary Outcome Measures

All outcome measures used in this analysis were part of the research protocol and
completed by highly trained research therapists. At baseline, the Test of Infant Motor
Performance (TIMP), General Movement Assessment, and an initial medical record review
were completed. Ongoing medical record reviews were completed by the site’s clinical
research coordinator who was familiar with the site’s medical record system. Each hospital
had similar policies for therapy documentation of any completed therapy visit.

Test of Infant Motor Performance (TIMP). The TIMP is an assessment of posture and
movement for infants from 32 weeks of gestational age to 4 months of corrected age ([34]
Campbell et al., 1995). Testing combines observation of spontaneous movements and
placement in various positions to assess activities such as head centering, reaching, finger
movements, and head and trunk control. The TIMP is a reliable and valid measure of motor
performance [35] and is sensitive to age-related changes (r = 0.83) [36].

Prechtl’s Assessment of General Movements (GMA). The GMA is a standardized,
noninvasive method of observation of spontaneous, complex movements to evaluate the
typical maturation of the nervous system [37]. Prior studies have shown high sensitivity
and specificity of the GMA to predict which children are at the highest risk for developing
cerebral palsy (CP) [38,39]. Videos were scored for writhing movements by a certified and
experienced investigator. Writhing movements were scored as normal or abnormal (poor
repertoire, cramp synchronized, or chaotic). We used GMA classification to identify which
infants were at high or low risk for CP for our risk strata variable.

Medical Record. Electronic medical records were reviewed weekly from the time of
enrollment to NICU discharge. Weeks were considered Sunday to Saturday and thus the
last Saturday the infant was in the NICU ended the final week of data extraction. If babies
were given a baseline assessment and discharged within 24 h, their data were not included
in the analysis. Data from full weeks were considered in all analyses. The length of NICU
stay after the baseline assessment ranged from 0 days to more than 100 days (median
14 days, range 0–110 days). However, only 2 infants were still in the hospital 10 weeks
after baseline; therefore, data provided in this paper are presented by week post baseline,
including the infants who were in the hospital the entire week (Table 2). The frequency
of sessions per therapy discipline was calculated and quantified based on the presence
of a therapy note describing the usual care intervention session in the documentation.
Neither site had a standard order set for therapy, so therapy visits were based on individual
physician referral. Medical, behavioral, and sociodemographic infant risk factors (race, sex,
NMI, and neuroimaging findings) were collected or calculated from the infant medical
records and parent report surveys.
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Table 2. Services Count All Weeks—Week of Discharge Removed.

OT Visits PT Visits ST Visits All Services

N Mean (Std) n Mean (Std) n Mean (Std) n Mean (Std)

Week 1 Post Enrollment 73 * 1.16 (0.99) 73 1.27 (0.96) 71 1.93 (1.28) 73 4.37 (2.19)

Week 2 Post Enrollment 51 1.37 (0.94) 51 1.45 (0.97) 51 2.75 (1.13) 51 5.57 (1.66)

Week 3 Post Enrollment 38 1.76 (1) 38 1.68 (0.9) 38 2.58 (1.24) 38 6.03 (1.99)

Week 4 Post Enrollment 28 1.96 (1.07) 28 1.71 (1.12) 28 2.29 (1.3) 28 5.96 (1.75)

Week 5 Post Enrollment 18 2.00 (0.77) 18 1.67 (0.84) 18 2.17 (0.92) 18 5.83 (1.54)

Week 6 Post Enrollment 13 2.00 (1.08) 13 1.62 (1.04) 13 1.77 (1.17) 13 5.38 (1.8)

Week 7 Post Enrollment 11 1.91 (0.94) 11 1.45 (0.69) 11 1.91 (1.38) 11 5.27 (2.69)

Week 8 Post Enrollment 9 1.89 (1.45) 9 0.89 (1.05) 9 1.00 (0.5) 9 3.78 (2.33)

Week 9 Post Enrollment 4 0.50 (0.58) 4 1.50 (0.58) 4 1.75 (1.26) 4 3.75 (2.06)

Caption: Services Count All Weeks—With Week of Discharge Removed. OT = occupational therapy; PT = physical
therapy; ST = speech therapy; Std = standard deviation. * A total of 10 babies were discharged within 24 h of
baseline assessment and had no opportunity for therapy services in the NICU.

2.4. Statistics

Service Type Over Time. To describe the therapy services that very preterm infants
received in the NICU, we fit a generalized linear model to the data for each week post
baseline in which the infant was in the NICU, utilizing a Poisson distribution to model
the mean number of services. The model included an effect for service Type (OT, PT, and
ST), the number of weeks since baseline (1 to 9), and the interaction between Type and
Week as well as a random effect for participant. We tested to see if we could treat Week as a
continuous variable (with the built-in assumption of linearity), as opposed to treating Week
as categorical (and thus a non-linear effect), and found that the less complex model using
Week as a continuous variable was sufficient (likelihood ratio = 2.99, 21 d.f., p = 0.9999).

Service Type Before Discharge. To specifically explore the weeks leading up to hospital
discharge, we fit a generalized linear model to the data for the three weeks prior to
discharge, utilizing a Poisson distribution to model the mean number of services. The
model included an effect for service Type (OT, PT, and ST), Discharge Relative Week (−3,
−2, −1), and the interaction between Type and Discharge Relative Week as well as a random
effect for participant. We tested to see if we could treat Week as a continuous variable
(with the built-in assumption of linearity), as opposed to treating Week as categorical (and
thus a non-linear effect), and found that similar to the above, the less complex model was
sufficient (likelihood ratio = 2.48, 3 d.f., p = 0.4789).

Predictors of All Services. To evaluate if sociodemographic, neurological function, or
medical risk factors, which can be measured by the medical team who make the referrals,
influenced access to therapy in the NICU, we refit the initial service model (“Service Type
Over Time”) described above and added in fixed effects for race (Caucasian yes/no),
baseline NMI, and GMA (normal/abnormal).

Predictors of Individual Services. In order to determine if medical risk or standardized
therapy assessment results influenced the frequency of individual therapy service, we
repeated the analysis by adding the TIMP, which is typically completed by therapists and
for each therapy service, rather than aggregate. We used three separate generalized linear
models (baseline NMI, baseline TIMP, and baseline GMA) of the data for the frequency
of therapy services from baseline through discharge or 9 weeks post baseline, whichever
was shorter, utilizing a Poisson distribution to model the mean number of services. The
models included a fixed effect for (NMI, TIMP, or GMA) as well as a random effect for
participant. Parameter estimates were examined and post hoc tests performed with a Tukey
HSD correction were calculated when relevant for pairwise comparisons (OT, PT, and ST).
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3. Results
3.1. Service Type

We fit a generalized linear model including an effect for service Type (OT, PT, and
ST), Week (one to nine), and the interaction between Type and Week as well as a random
effect for participant. The interaction effect for Type by Week was significant (F1,729 = 7.6,
p = 0.0005). This significant interaction indicates that services provided were significantly
different, but the magnitude and significance of the difference depend upon the discharge
week (Figure 1a.)
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Figure 1. Service Types Over Time. Caption: Plots of the least square (LS) means for services over
time. (a) A plot of least square means for the generalized linear model including an effect for service
Type (OT, PT, and ST) and Week (1 to 9). (b) A plot of least square means for the generalized linear
model including an effect for service Type (OT, PT, and ST), only on the week of discharge and the
three weeks before discharge. OT = occupational therapy; PT = physical therapy; and ST = speech
therapy.

First, we focused only on the week of discharge and the three weeks before discharge to
see if therapy services increased to get infants ready to be discharged (means and standard
deviation, Table 3). In this model, the interaction effect for Type by Week was not significant
(F1,480 = 0.06, p = 0.9428) and the model was refit to exclude the interaction effect. The
Service Type effect was significant (F2,482 = 25.22, p < 0.0001) but the Week effect was not
significant (F1,482 = 0.34, p = 0.5622). Post hoc tests revealed that ST services are significantly
different from both OT (t482 = −5.61, adjusted p < 0.0001) and PT (t482 = −6.24, adjusted
p < 0.0001) services, but there was no difference between OT and PT (t482 = 0.65, adjusted
p = 0.7926) in terms of the frequency of services (Figure 1b).

Table 3. Services During Week of Discharge and Three Prior Weeks.

OT Visits PT Visits ST Visits

n Mean (Std) n Mean (Std) n Mean (Std)

3 Weeks Prior to Discharge 38 1.55 (1.01) 38 1.47 (0.95) 38 2.37 (1.17)

2 Weeks Prior to Discharge 51 1.63 (1.17) 51 1.55 (1.08) 51 2.33 (1.34)

1 Week Prior to Discharge 73 1.53 (1.11) 73 1.47 (0.9) 73 2.22 (1.2)
Caption: To specifically explore the weeks leading up to hospital discharge, we fit a generalized linear model
to the data for the three weeks prior to discharge, utilizing a Poisson distribution to model the mean number of
services. OT = occupational therapy; PT = physical therapy; ST = speech therapy; and Std = standard deviation.
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3.2. Predictors of All Services—Medical, Race, and Severity Strata/GMA

In examining the significant parameter estimates, we found that when holding all
things equal, infants at high risk for CP (abnormal GMA) received an average of 0.12 more
therapy sessions than did infants at low risk for CP (Table 4). In addition, while holding all
things equal, Caucasian infants received on average 0.11 fewer therapy sessions than did
non-Caucasian infants. The medical risk was non-significant (Table 4).

Table 4. Final Poisson Mixed Model Results.

Effect Numerator
d.f.

Denominator
d.f. F-Statistic p-Value Adjusted Effect Size

Cohen’s f (95% CI)

Service Type 2 726 29.41 <0.0001 ** 0.279 (0.219, 0.344)

Week 1 726 0.33 0.5673 0 (0, 0.081)

Service Type*Week 2 726 7.79 0.0005 ** 0.136 (0.078, 0.203)

GMA 1 726 4.88 0.0276 0.073 (0.02, 0.143)

Baseline NMI Score 1 726 2.09 0.1491 0.039 (0, 0.115)

Caucasian 1 726 5.21 0.0228 * 0.076 (0.023, 0.146)

Caption: To evaluate if sociodemographic, neurological function, or medical risk factors, which can be measured
by the medical team who make the referrals, influenced access to therapy in the NICU, we refit the initial service
model (“Service Type Over Time”) described above and added in fixed effects for race (Caucasian yes/no), baseline
NMI, and GMA (normal/abnormal). * = p < 0.05; ** = p < 0.001. d.f = degrees of freedom; and CI = confidence
interval.

3.3. Predictors of Individual Services—Severity Strata/GMA

Baseline GMA was related to the mean number of OT sessions over the 9 weeks of
NICU time (t54 = 2.86, p = 0.006). Examination of the parameter estimate for GMA indicates
that infants who had an abnormal baseline GMA had a higher mean number of OT sessions
(0.51 more). The baseline GMA score was not statistically significantly associated with PT
sessions (t64 = 0.08, p = 0.9356) or ST sessions (t60 = 0.02, p = 0.9827).

3.4. Predictors of Individual Services—Baseline NMI

Baseline NMI was related to the mean number of OT sessions over the nine weeks of
NICU time (t64 = 3.19, p = 0.0022). Examination of the parameter estimate for NMI indicates
that as the baseline NMI score increases, the mean number of OT sessions increases. With
regards to the mean number of PT sessions, the baseline NMI score is not statistically
significantly associated with PT sessions (t64 = −1.07, p = 0.2894). With regards to the
mean number of ST sessions, we see that baseline NMI is related to the mean number of
ST sessions over the 9 weeks of NICU time (t889 = −2.16, p = 0.0346). Examination of the
parameter estimate for NMI indicates that as the baseline NMI score increases, the mean
number of ST sessions decreases.

3.5. Predictors of Individual Services—Baseline TIMP

The baseline TIMP score was not associated with the mean number of OT sessions
(t44 = −0.74, p = 0.4643), the mean number of PT sessions (t53 = 0.08, p = 0.9379), or the
mean number of ST sessions (t889 = 0.03, p = 0.9795).

4. Discussion

This study found that services provided in the NICU were significantly different by
type, but the magnitude and significance of the difference depended upon the time since
enrollment week. Across weeks 1–9, OT and PT services increased over time, and ST
decreased over time when the NICUs were combined. In weeks 1–6, infants received the
most ST services, and in weeks 7–9 infants received the most OT services. Considering
that the median length of stay was 14 days after the baseline assessment, the infants who
remained in the NICU after 6 weeks were likely to have had a new onset of medical
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instability, prolonged feeding difficulty warranting placement of a G-tube, and reduced
attempts at oral feeding, thus requiring less ST. However, the prolonged admission and
increasing age are consistent with the need for more intervention focusing on social and
play interaction that may have been provided by OT. Given the nature of the data used
in this analysis, we are unable to determine the impact of medical stability and feeding
outcomes.

In the three weeks leading up to discharge (Table 3), ST services were significantly
greater than both OT and PT services, but there was no difference between OT and PT in the
frequency of services. Infants at high risk for CP based on an abnormal GMA received more
combined therapy sessions than did infants at low risk for CP. This relationship seemed
largely driven by the mean number of OT sessions as the baseline GMA score was not
statistically significantly associated with the number of PT or ST sessions. As the baseline
NMI score increased, the mean number of OT sessions increased, PT sessions were not
changed, and the mean number of ST sessions decreased. The baseline TIMP score was
not associated with the mean number of OT, PT, or ST sessions. These findings must be
considered within the context of the data, and NICU admission and staffing. The data
reflect documented visits for clinical care. However, in acute care hospitals, the focus of
therapy is often on supporting the discharge process for all patients resulting in staffing
being pulled from the NICU to other areas to ensure discharge of older patients is not
delayed. Thus, data on the planned or recommended therapeutic dose by the clinical care
team are not included in this analysis; only data on the delivered sessions were analyzed.
In addition, a portion of this study was completed during the COVID-19 pandemic, which
influenced many aspects of care, from staffing to visitation in NICUs [40].

Our findings support the work of Ross et al. [32] by demonstrating that OTs, PTs,
and STs have a role in providing therapeutic interventions early in gestation to high-risk
infants in the NICU with concurrent medical interventions. The previous study found
that sicker infants (those on respiratory supports, who had sepsis, or had a brain injury)
received more therapy services before discharge and had an earlier initiation of OT and
PT services. Our paper adds to this by showing that an abnormal GMA (a predictor of
high risk for developing cerebral palsy) is also associated with more therapy services in the
NICU and that NMI and TIMP scores are not within this sample. It should be noted that
this paper [32] started collecting data earlier than the current study (30 weeks vs. 35 weeks
of gestation).

Although infants at high risk for CP based on an abnormal GMA received more
therapy sessions than did infants at low risk for CP, when looking at the service type, this
relationship was only significant for the number of OT sessions. Similarly, the baseline
NMI score predicted greater OT sessions only. The baseline TIMP score was not associated
with the mean number of any type of therapy session. These results highlight the lack of
valuable clinical and developmental information being used to guide therapy referrals.
While GMA is well known as a strong predictor of CP, the TIMP score has also been
associated with longitudinal cognitive, motor, and language outcomes [41]. The TIMP
could be uniquely important for guiding the referral of PT services—a less consistently
utilized profession in this sample—with content expertise in motor development, motor
disorders, and movement therapies. The lack of relationship seen in this study could also
be related to the earlier onset of PT in the NICU prior to the baseline for this study. Thus
the family may have already received training and information for PT clinically.

The number of staff per bed in a NICU can vary depending on the level of NICU and
location of the NICU within the U.S. [42]. The adequate number of full-time therapists in a
Level III/IV NICU with high acuity can be determined via a formula developed by Craig
and Smith [43]. Ross et al. [32] reported a level of adequate coverage of a high acuity Level
IV NICU according to this formula. In a national survey of NICUs, 97% of Level-IV NICUs
and 83% of Level-III NICUs reported having dedicated therapy teams [42]. Based on this
previous work, it may be feasible to increase therapy services for children who need it,
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particularly OT and PT services given that ST sessions occurred most frequently within
three weeks of discharge in our sample.

Limitations

This study had some limitations which should be considered. Data were collected
manually through weekly review of the medical record, and it is possible that we may
have missed valuable information that was not documented in the medical record (e.g.,
therapist speaking with parents at a non-scheduled visit or reasons for missed therapy
visits such as medical instability). Further, we did not document therapy coverage for
the NICUs (i.e., how many therapists per discipline provide services), or the individual
hospital distribution of roles and responsibilities between therapy disciplines. Moreover,
we did not collect the recommended frequency of therapy services by each discipline, and
staffing may have impacted the actual frequency, which may not have been consistent with
the recommended amount in each case. This study also did not track parent presence in
therapy sessions, which impacts the efficacy and carryover of therapy services. We did not
record the duration of therapy sessions, or exactly what a therapist did in any given session.
Data were not collected regarding the timing to full oral feeds, which is likely highly related
to the need and timing of therapy services. These data may not be representative of other
types of NICU settings or for samples with different socio-demographic compositions.
Future work may compare referral practices to elucidate optimal referral protocols for the
best service outcomes. Our work highlights that improvement is still needed in utilizing
medical and developmental risk factors, as well as outcomes from therapy assessments, as
the basis for referral for therapy services in the NICU.

5. Conclusions

This study found that services provided in the NICU were significantly different by
type, but the magnitude and significance of the difference depended upon the time since
enrollment week. Our study adds to previous research by demonstrating that an abnormal
GMA (a predictor of high risk for developing cerebral palsy) is associated with more therapy
services in the NICU, and that NMI and TIMP scores are not. These results highlight the lack
of valuable clinical and developmental information being used to guide therapy referrals.
The clinical impact of this work recommends that medical and developmental risk factors,
as well as outcomes from therapy assessments, should be the basis for referral for therapy
services in the neonatal intensive care unit.

Author Contributions: Conceptualization, S.C.D., S.E.B., M.R.M., J.D., J.B., R.D.S. and L.R.T.; method-
ology, S.C.D. and M.R.M.; formal analysis, L.R.T.; resources, S.C.D., C.M.S., J.B. and R.D.S.; data
curation, M.R.M.; writing—original draft preparation, C.D.B.; writing—review and editing, C.D.B.,
S.C.D., C.M.S., S.E.B., J.B., J.D., A.D.H., K.D.H.-M., M.H., A.E.K., M.R.M., R.D.S. and L.R.T.; visual-
ization, L.R.T. and C.D.B.; supervision, S.C.D.; project administration, M.R.M.; funding acquisition,
S.C.D. All authors have read and agreed to the published version of the manuscript.

Funding: This research and the APC were funded by Eunice Kennedy Shriver National Institute of
Child Health and Human Development, grant number R01 HD093624.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved as a single IRB by the Institutional Review Board of Virginia
Commonwealth University (protocol code HM20013026 approved 26 April 2018).

Informed Consent Statement: Informed consent was obtained from all parents of infants involved
in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to ongoing parent clinical trial.

Acknowledgments: We thank all the participants and their families who made this work possible.

Conflicts of Interest: The authors declare no conflict of interest.



Behav. Sci. 2023, 13, 481 10 of 11

References
1. Osterman, M.; Hamilton, B.; Martin, J.A.; Driscoll, A.K.; Valenzuela, C.P. Births: Final data for 2020. Natl. Vital Stat. Rep. 2021, 70,

1–50.
2. Bérard, A.; Le Tiec, M.; De Vera, M. Study of the costs and morbidities of late-preterm birth. Arch. Dis. Child. Fetal Neonatal Ed.

2012, 97, F329–F334. [CrossRef] [PubMed]
3. Jacob, J.; Lehne, M.; Mischker, A.; Klinger, N.; Zickermann, C.; Walker, J. Cost effects of preterm birth: A comparison of health

care costs associated with early preterm, late preterm, and full-term birth in the first 3 years after birth. Eur. J. Health Econ. 2016,
18, 1041–1046. [CrossRef]

4. Aylward, G.P. Neurodevelopmental Outcomes of Infants Born Prematurely. J. Dev. Behav. Pediatr. 2014, 35, 394–407. [CrossRef]
5. Johnson, S.; Fawke, J.; Hennessy, E.; Rowell, V.; Thomas, S.; Wolke, D.; Marlow, N. Neurodevelopmental Disability Through 11

Years of Age in Children Born Before 26 Weeks of Gestation. Pediatrics 2009, 124, e249–e257. [CrossRef]
6. Marlow, N.; Wolke, D.; Bracewell, M.A.; Samara, M. Neurologic and Developmental Disability at Six Years of Age after Extremely

Preterm Birth. N. Engl. J. Med. 2005, 352, 9–19. [CrossRef]
7. Schieve, L.A.; Tian, L.H.; Rankin, K.; Kogan, M.D.; Yeargin-Allsopp, M.; Visser, S.; Rosenberg, D.; Schieve, L.A.; Tian, L.H.; Rankin,

K.; et al. Population impact of preterm birth and low birth weight on developmental disabilities in US children. Ann. Epidemiol.
2016, 26, 267–274. [CrossRef]

8. Delobel-Ayoub, M.; Arnaud, C.; White-Koning, M.; Casper, C.; Pierrat, V.; Garel, M.; Burguet, A.; Roze, J.-C.; Matis, J.; Picaud,
J.-C.; et al. Behavioral Problems and Cognitive Performance at 5 Years of Age After Very Preterm Birth: The EPIPAGE Study.
Pediatrics 2009, 123, 1485–1492. [CrossRef]

9. DiSalvo, D. The correlation between placental pathology and intraventricular hemorrhage in the preterm infant. The Develop-
mental Epidemiology Network Investigators. Pediatr. Res. 1998, 43, 15–19. [CrossRef] [PubMed]

10. Linnet, K.M.; Wisborg, K.; Agerbo, E.; Secher, N.J.; Thomsen, P.H.; Henriksen, T.B. Gestational age, birth weight, and the risk of
hyperkinetic disorder. Arch. Dis. Child. 2006, 91, 655–660. [CrossRef] [PubMed]

11. McCormick, M.C.; Litt, J.S.; Smith, V.C.; Zupancic, J.A. Prematurity: An Overview and Public Health Implications. Annu. Rev.
Public Health 2011, 32, 367–379. [CrossRef] [PubMed]

12. Moster, D.; Lie, R.T.; Markestad, T. Long-term medical and social consequences of preterm birth. N. Engl. J. Med. 2008, 359,
262–273. [CrossRef] [PubMed]

13. Rezaie, P.; Dean, A. Periventricular leukomalacia, inflammation and white matter lesions within the developing nervous system.
Neuropathology 2002, 22, 106–132. [CrossRef] [PubMed]

14. Saigal, S.; Doyle, L.W. An overview of mortality and sequelae of preterm birth from infancy to adulthood. Lancet 2008, 371,
261–269. [CrossRef] [PubMed]

15. Nwabara, O.; Rogers, C.; Inder, T.; Pineda, R. Early Therapy Services Following Neonatal Intensive Care Unit Discharge. Phys.
Occup. Ther. Pediatr. 2016, 37, 414–424. [CrossRef]

16. Brown, N.C.; Doyle, L.W.; Bear, M.J.; Inder, T.E. Alterations in Neurobehavior at Term Reflect Differing Perinatal Exposures in
Very Preterm Infants. Pediatrics 2006, 118, 2461–2471. [CrossRef]

17. Pineda, R.G.; Tjoeng, T.H.; Vavasseur, C.; Kidokoro, H.; Neil, J.J.; Inder, T. Patterns of Altered Neurobehavior in Preterm Infants
within the Neonatal Intensive Care Unit. J. Pediatr. 2013, 162, 470–476.e1. [CrossRef]

18. Pitcher, J.B.; Schneider, L.A.; Drysdale, J.L.; Ridding, M.C.; Owens, J.A. Motor System Development of the Preterm and Low
Birthweight Infant. Clin. Perinatol. 2011, 38, 605–625. [CrossRef]

19. Smith, G.C.; Gutovich, J.; Smyser, C.; Pineda, R.; Newnham, C.; Tjoeng, T.H.; Vavasseur, C.; Wallendorf, M.; Neil, J.; Inder, T.
Neonatal intensive care unit stress is associated with brain development in preterm infants. Ann. Neurol. 2011, 70, 541–549.
[CrossRef]

20. Barbosa, V.M. Teamwork in the Neonatal Intensive Care Unit. Phys. Occup. Ther. Pediatr. 2013, 33, 5–26. [CrossRef]
21. Kilpatrick, S.J.; Papile, L.A.; Macones, G.A.; Watterberg, K.L. AAP Committee on Fetus and Newborn, ACOG Committee on

Obstetric Practice. Guidel. Perinat. Care. 2017. Available online: https://www.acog.org/clinical-information/physician-faqs/-/
media/3a22e153b67446a6b31fb051e469187c.ashx (accessed on 30 May 2023).

22. Craig, J.W.; Carroll, S.; Ludwig, S.; Sturdivant, C. Occupational Therapy’s Role in the Neonatal Intensive Care Unit. Am. J. Occup.
Ther. 2018, 72, 1–9.

23. Sweeney, J.K.; Heriza, C.B.; Blanchard, Y. Neonatal Physical Therapy. Part I: Clinical Competencies and Neonatal Intensive Care
Unit Clinical Training Models. Pediatr. Phys. Ther. 2009, 21, 296–307. [CrossRef] [PubMed]

24. Ad Hoc Committee on Speech-Language Pathology Practice in the Neonatal Intensive Care Unit (NICU). Knowledge and Skills
Needed by Speech-Language Pathologists Providing Services to Infants and Families in the NICU Environment. Ameri-can
Speech-Language-Hearing Association. 2004. Available online: https://www.asha.org/policy/KS2004-00080/ (accessed on 10 April
2023).

25. Case-Smith, J. An Efficacy Study of Occupational Therapy with High-Risk Neonates. Am. J. Occup. Ther. 1988, 42, 499–506.
[CrossRef] [PubMed]

26. Dusing, S.C.; Thacker, L.R. Supporting mother-infant interaction in the NICU may enhance oral motor skills, weight gain, and
feeding volume: A pilot study. Dev. Med. Child Neurol. 2016, 58, 13–14. [CrossRef]

https://doi.org/10.1136/fetalneonatal-2011-300969
https://www.ncbi.nlm.nih.gov/pubmed/22933090
https://doi.org/10.1007/s10198-016-0850-x
https://doi.org/10.1097/01.DBP.0000452240.39511.d4
https://doi.org/10.1542/peds.2008-3743
https://doi.org/10.1056/NEJMoa041367
https://doi.org/10.1016/j.annepidem.2016.02.012
https://doi.org/10.1542/peds.2008-1216
https://doi.org/10.1203/00006450-199801000-00003
https://www.ncbi.nlm.nih.gov/pubmed/9432107
https://doi.org/10.1136/adc.2005.088872
https://www.ncbi.nlm.nih.gov/pubmed/16754656
https://doi.org/10.1146/annurev-publhealth-090810-182459
https://www.ncbi.nlm.nih.gov/pubmed/21219170
https://doi.org/10.1056/NEJMoa0706475
https://www.ncbi.nlm.nih.gov/pubmed/18635431
https://doi.org/10.1046/j.1440-1789.2002.00438.x
https://www.ncbi.nlm.nih.gov/pubmed/12416551
https://doi.org/10.1016/S0140-6736(08)60136-1
https://www.ncbi.nlm.nih.gov/pubmed/18207020
https://doi.org/10.1080/01942638.2016.1247937
https://doi.org/10.1542/peds.2006-0880
https://doi.org/10.1016/j.jpeds.2012.08.011
https://doi.org/10.1016/j.clp.2011.08.010
https://doi.org/10.1002/ana.22545
https://doi.org/10.3109/01942638.2012.729556
https://www.acog.org/clinical-information/physician-faqs/-/media/3a22e153b67446a6b31fb051e469187c.ashx
https://www.acog.org/clinical-information/physician-faqs/-/media/3a22e153b67446a6b31fb051e469187c.ashx
https://doi.org/10.1097/PEP.0b013e3181bf75ee
https://www.ncbi.nlm.nih.gov/pubmed/19923969
https://www.asha.org/policy/KS2004-00080/
https://doi.org/10.5014/ajot.42.8.499
https://www.ncbi.nlm.nih.gov/pubmed/3228153
https://doi.org/10.1111/dmcn.11_13224


Behav. Sci. 2023, 13, 481 11 of 11

27. Dusing, S.C.; Tripathi, T.; Marcinowski, E.C.; Thacker, L.R.; Brown, L.F.; Hendricks-Muñoz, K.D. Supporting play exploration and
early developmental intervention versus usual care to enhance development outcomes during the transition from the neonatal
intensive care unit to home: A pilot randomized controlled trial. BMC Pediatr. 2018, 18, 46. [CrossRef]

28. Madlinger-Lewis, L.; Reynolds, L.; Zarem, C.; Crapnell, T.; Inder, T.; Pineda, R. The effects of alternative positioning on preterm
infants in the neonatal intensive care unit: A randomized clinical trial. Res. Dev. Disabil. 2013, 35, 490–497. [CrossRef]

29. Monfort, K.; Case-Smith, J. The Effects of a Neonatal Positioner on Scapular Rotation. Am. J. Occup. Ther. 1997, 51, 378–384.
[CrossRef]

30. Khurana, S.; Kane, A.E.; Brown, S.E.; Tarver, T.; Dusing, S.C. Effect of neonatal therapy on the motor, cognitive, and behavioral
development of infants born preterm: A systematic review. Dev. Med. Child Neurol. 2020, 62, 684–692. [CrossRef]

31. Dusing, S.C.; Van Drew, C.M.; Brown, S.E. Instituting Parent Education Practices in the Neonatal Intensive Care Unit: An
Administrative Case Report of Practice Evaluation and Statewide Action. Phys. Ther. 2012, 92, 967–975. [CrossRef]

32. Ross, K.; Heiny, E.; Conner, S.; Spener, P.; Pineda, R. Occupational therapy, physical therapy and speech-language pathology in
the neonatal intensive care unit: Patterns of therapy usage in a level IV NICU. Res. Dev. Disabil. 2017, 64, 108–117. [CrossRef]

33. Dusing, S.C.; Burnsed, J.C.; Brown, S.E.; Harper, A.D.; Hendricks-Munoz, K.D.; Stevenson, R.D.; Thacker, L.R.; Molinini, R.M.
Efficacy of Supporting Play Exploration and Early Development Intervention in the First Months of Life for Infants Born Very
Preterm: 3-Arm Randomized Clinical Trial Protocol. Phys. Ther. 2020, 100, 1343–1352. [CrossRef] [PubMed]

34. Campbell, S.K.; Kolobe, T.H.; Osten, E.T.; Lenke, M.; Girolami, G.L. Construct Validity of the Test of Infant Motor Performance.
Phys. Ther. 1995, 75, 585–596. [CrossRef] [PubMed]

35. Campbell, S.K. Test-Retest Reliability of the Test of Infant Motor Performance. Pediatr. Phys. Ther. 1999, 11, 60–66. [CrossRef]
36. Campbell, S.K.; Kolobe, T.H.A. Concurrent Validity of the Test of Infant Motor Performance with the Alberta Infant Motor Scale.

Pediatr. Phys. Ther. 2000, 12, 2. [CrossRef]
37. Prechtl, H. Qualitative changes of spontaneous movements in fetus and preterm infant are a marker of neurological dysfunction.

Early Hum. Dev. 1990, 23, 151–158. [CrossRef]
38. Einspieler, C.; Marschik, P.B.; Bos, A.F.; Ferrari, F.; Cioni, G.; Prechtl, H.F. Early markers for cerebral palsy: Insights from the

assessment of general movements. Futur. Neurol. 2012, 7, 709–717. [CrossRef]
39. Noble, Y.; Boyd, R. Neonatal assessments for the preterm infant up to 4 months corrected age: A systematic review. Dev. Med.

Child Neurol. 2011, 54, 129–139. [CrossRef]
40. Brown, S.E.; Darring, J.D.; Miller, M.; Inamdar, K.; Salgaonkar, A.; Burnsed, J.C.; Stevenson, R.D.; Shall, M.S.; Harper, A.D.;

Hendricks-Munoz, K.D.; et al. Impact of the COVID-19 Pandemic on a Clinical Trial: A Qualitative Report on Study Engagement.
Pediatr. Phys. Ther. 2023, in press.

41. Peyton, C.; Schreiber, M.D.; Msall, M.S. The Test of Infant Motor Performance at 3 months predicts language, cognitive, and
motor outcomes in infants born preterm at 2 years of age. Dev. Med. Child Neurol. 2018, 60, 1239–1243. [CrossRef]

42. Pineda, R.G.; Lisle, J.; Ferrara, L.; Knudsen, K.; Kumar, R.; Fernandez-Fernandez, A. Neonatal Therapy Staffing in the United
States and Relationships to Neonatal Intensive Care Unit Type and Location, Level of Acuity, and Population Factors. Am. J.
Perinatol. 2021, eFirst. [CrossRef]

43. Craig, J.W.; Smith, C.R. Risk-adjusted/neuroprotective care services in the NICU: The elemental role of the neonatal therapist
(OT, PT, SLP). J. Perinatol. 2020, 40, 549–559. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1186/s12887-018-1011-4
https://doi.org/10.1016/j.ridd.2013.11.019
https://doi.org/10.5014/ajot.51.5.378
https://doi.org/10.1111/dmcn.14485
https://doi.org/10.2522/ptj.20110360
https://doi.org/10.1016/j.ridd.2017.03.009
https://doi.org/10.1093/ptj/pzaa077
https://www.ncbi.nlm.nih.gov/pubmed/32329778
https://doi.org/10.1093/ptj/75.7.585
https://www.ncbi.nlm.nih.gov/pubmed/7604077
https://doi.org/10.1097/00001577-199901120-00002
https://doi.org/10.1097/00001577-200012010-00002
https://doi.org/10.1016/0378-3782(90)90011-7
https://doi.org/10.2217/fnl.12.60
https://doi.org/10.1111/j.1469-8749.2010.03903.x
https://doi.org/10.1111/dmcn.13736
https://doi.org/10.1055/a-1678-0002
https://doi.org/10.1038/s41372-020-0597-1
https://www.ncbi.nlm.nih.gov/pubmed/31992820

	Introduction 
	Methods 
	Recruitment and Consenting 
	Sample 
	Primary Outcome Measures 
	Statistics 

	Results 
	Service Type 
	Predictors of All Services—Medical, Race, and Severity Strata/GMA 
	Predictors of Individual Services—Severity Strata/GMA 
	Predictors of Individual Services—Baseline NMI 
	Predictors of Individual Services—Baseline TIMP 

	Discussion 
	Conclusions 
	References

