
Peer Reviewed

66NEONATOLOGY TODAYtwww.NeonatologyToday.nettOctober 2023

Gravens by Design: Supporting and Enhancing NICU 
Sensory Experiences (SENSE) program- an evidence-

based guideline for daily parent-delivered positive 
multisensory exposures for infants in the NICU

Marinthea Richter, OTD, OTR; Polly Kellner, MSOT, OTR/L; 
Roberta Pineda, PhD, OTR/L, CNT

Abstract

The Supporting and Enhancing NICU Sensory Experiences 
(SENSE) program was developed in 2017 to guide parents in 
providing age-appropriate positive sensory exposures to their 
preterm infants each day of NICU hospitalization. The develop-
ment of the guideline followed a systematic process with an inte-
grative review to identify evidence-supported sensory exposures, 
interviews and focus groups with stakeholders, and a pilot study 
and a randomized controlled trial. Recently, another integrative 
review was conducted to identify newly published studies on sen-
sory exposures in the NICU, and a SENSE advisory team was 
recruited to inform updates to the guideline to ensure that the 
latest evidence related to sensory exposures in the NICU was 
incorporated. Daily sensory activities that are supported by evi-
dence are listed in the parent education booklet, allowing parents 
autonomy in selecting appropriate sensory activities to engage 
in with their infants as they grow and develop in the NICU, as 
well as enabling choices of activities to provide for infants with 
different levels of medical support. The healthcare team regularly 
monitors infant tolerance and development as described in the 
SENSE implementation manual. While implementation training is 
available, the program can be implemented by NICUs following a 
self-paced review of the implementation materials. The SENSE 
program implementation aims to optimize the NICU environment 
to improve infant brain development and parent confidence while 
facilitating their transition into their parental roles.  
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Introduction: 

High-risk infants receiving care in the NICU are exposed to signifi-
cant stressors, including painful procedures, disruption of expect-
ed sensory experiences, and parent-infant separation. (1,2) The 
time in the NICU is a period of rapid brain development when neu-
ral networks rely on sensory exposures to develop optimally(3). 
Positive sensory exposures and parent-infant interaction are cru-
cial in an environment where stimuli are primarily adverse and can 
impact attachment and neurodevelopmental progression. (4–6) 

Positive sensory exposures, such as massage, auditory expo-
sure, and skin-to-skin care, have been related to better parent and 

“The SENSE program implementation 
aims to optimize the NICU environment 
to improve infant brain development and 
parent confidence while facilitating their 
transition into their parental roles. ”

“Positive sensory exposures, such as 
massage, auditory exposure, and skin-
to-skin care, have been related to better 
parent and infant outcomes.”

Figure 1. Parent education materials with table of contents 

�
Figure 1. Parent education materials with table of contents
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infant outcomes. (7,8) The Supporting and Enhancing NICU Sen-
sory Experiences (SENSE) program was developed in response 
to the need for a guideline or program that defines specific doses 
and targeted timing of evidence-based sensory exposures across 
all the days, weeks, or months of hospitalization. The SENSE pro-
gram guides the clinician and parent in optimizing the early NICU 
environment. (9) 

Properly timed and age-appropriate positive sensory experiences 
can decrease stress and optimize positive learning experiences 
during this critical period of brain development. However, the type 
and timing of sensory exposure must match the level of maturity 
based on the infant's postmenstrual age (PMA) and should be 
modified according to individual infant cues. The evidence-based 
SENSE program was developed to define positive sensory expo-
sures for each PMA. (9) The SENSE program engages the parent 
in providing appropriate types and amounts of stimulation and is 
promising as a modality for optimizing neurodevelopment and par-
ent mental health. (10,11) The amounts of sensory stimuli defined 
in the program are intended to be targets for the minimal amount 

of sensory exposure each day of hospitalization. Prior to the de-
velopment of the SENSE program, a literature review revealed 
that positive sensory exposures in the NICU were done for limited 
periods that encompassed only a fraction of the infant's time spent 
in the NICU. (12) These exposures were also not systematically 
changed based on what is age-appropriate across PMA and were 
limited in their applicability to co-occupations of parenting and 
activities of daily living within the context of the NICU environ-
ment. (13) Differences in the use and interpretation of available 
evidence, parent education, and empowerment in the NICU lead 
to variability in how different NICUs implement sensory interven-
tions, often reducing their benefit to the most vulnerable infants. 
(14) The SENSE program is unique because it aims to modify 
the early sensory environment by applying positive sensory expo-
sures daily during NICU hospitalization.

Description of the SENSE program:

The SENSE program is a cohesive, evidence-based, parent-de-

“The standardized guideline can be 
initiated immediately after birth and 
used throughout NICU hospitalization. 
It identifies specific target amounts 
of positive tactile, auditory, visual, 
olfactory, and kinesthetic interventions 
for the infant.”

“Prior to the development of the SENSE 
program, a literature review revealed 
that positive sensory exposures in the 
NICU were done for limited periods that 
encompassed only a fraction of the infant's 
time spent in the NICU.”

Figure 2: Example of weekly sensory guide 
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livered guideline for consistently applying positive multisensory 
exposures every day in the NICU. The standardized guideline 
can be initiated immediately after birth and used throughout NICU 
hospitalization. It identifies specific target amounts of positive tac-
tile, auditory, visual, olfactory, and kinesthetic interventions for the 
infant. 

As the program is intended to be completed by parents, parent 
education materials constitute a significant component of the pro-
gram when possible. These materials can be accessed via a QR 
code on parents' smartphones or tablets or given to parents as 
printed booklets. The parent-education booklet has seven chap-
ters (see Figure 1) with educational content on medical termi-
nology, fetal development in the final months of pregnancy, the 
sensory environment of the NICU, sensory development, reading 

infant cues, identifying readiness for sensory exposures, instruc-
tions for how to provide different sensory exposures, a week-by-
week guide on specific doses and timing of sensory exposures 
to ensure consistent and developmentally appropriate delivery of 
positive sensory experiences at each PMA (see figure 2 for an 
example), and instructions for how to conduct the sensory expo-
sures defined. The web-based materials also have video tutorials 
to guide parents in specific activities, such as skin-to-skin care 
and positive touch. Although specific doses of positive sensory 
exposures are identified in the SENSE program, the program is 
designed to be individualized for each infant based on the pref-
erences of the family and/or the medical status/tolerance of the 
infant. Log sheets are available to aid parents, health care pro-
fessionals, and volunteers in tracking positive sensory exposures 
provided to the infant to define achievement of the goal amounts 
or identify opportunities for more positive sensory exposures 
throughout each day (see Figure 3). 

The implementation and administration guide is designed to walk 

“The SENSE program differs from the 
standard of care because it defines 
specific targeted amounts of sensory 
exposures to be delivered daily during 
hospitalization.”

“Although specific doses of positive 
sensory exposures are identified in 
the SENSE program, the program is 
designed to be individualized for each 
infant based on the preferences of 
the family and/or the medical status/
tolerance of the infant.”

Figure 3: Example of weekly parent sensory exposure log 
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Figure 3. Example of weekly parent sensory exposure log
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NICUs through integrating the SENSE program into their units 
with a diagram and checklist with implementation considerations. 
This manual also contains the infant assessment intended to aid 
clinicians in assessing infant tolerance for different sensory expo-
sures at least weekly to recommend appropriate adaptations to 
the program when necessary. The implementation flow diagram 
identifies different steps along the continuum to implementa-
tion, including the identification of key personnel, considerations 
regarding the NICU culture, identifying families/infants who will 
receive the program in the first phase of implementation, estab-
lishing a timeline for implementation, developing benchmarking 
strategies, considerations around the use of a sensory support 
team, and education and communication with NICU team mem-
bers (see figure 4).

How does the SENSE program differ from the standard of care?

The SENSE program differs from the standard of care because 
it defines specific targeted amounts of sensory exposures to be 
delivered daily during hospitalization. This is in contrast to the 
standard of care, where a lack of intentionality in delivering posi-
tive sensory exposures can lead to days or weeks without positive 
sensory exposures. In addition, the types, frequency, and dura-
tion of appropriate exposures are tailored to the infant's PMA and 
modified based on medical status and behavioral cues. This en-
sures that the types and timing of different sensory exposures are 
appropriate for the maturity level of each infant. The SENSE pro-
gram is intended to be integrated into the daily flow of the NICU, 
where multimodal sensory exposures occur in the context of daily 
care and parent engagement.

Development of the SENSE program: 

The SENSE program was developed using a stepwise, rigorous, 
and scientific process that included defining evidence on sensory 
exposures with preterm infants, expert opinion, and parent input 
regarding developmentally appropriate and timed exposures. The 
initial integrative review included 88 articles on sensory-based 
NICU interventions applied to preterm infants. (7) Focus groups 
and interviews followed this review to gather input from multidis-
ciplinary healthcare professionals who helped to define different 
sensory interventions done in NICUs and critically evaluate the 
proposed guideline. (9,15) Parents of preterm infants discharged 

Figure 4: SENSE Implementation Flow Diagram 

�
Figure 4. SENSE Implementation Flow Diagram

“A new integrative review and 
consultation with a SENSE advisory team 
is planned every five years to ensure the 
program remains current and applicable 
based on emerging evidence.”
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from the NICU were also interviewed to gather their opinions on 
the proposed guideline. (16). Following this rigorous development 
process; a pilot study was conducted with 80 infants (30 infants 
who received the SENSE program compared to 50 historical con-
trols) to assess the feasibility of implementing the SENSE pro-
gram in a level IV NICU and evaluating preliminary outcomes. (10) 
This study highlighted a positive relationship between SENSE pro-
gramming, parent confidence, and infant neurobehavior. (10) Fol-
lowing the pilot study, a randomized clinical trial compared the ef-
fect of SENSE programming to standard of care in preterm infants 
born less than or equal to 32 weeks gestation, demonstrating on 
univariate analysis a positive effect on language outcomes at one 
year of age. (11) The research team continues to follow up with 
the infants enrolled in the pilot study and randomized controlled 
trial to monitor longitudinal developmental outcomes via parent 
report surveys. The program was further evaluated by applying 
an implementation framework, which found that the program was 
adopted with good fidelity, with most infants receiving and tolerat-
ing the program as defined within a large, Level IV NICU. (17) A 
second integrative review has since been undertaken to update 
the SENSE guidelines with input from a SENSE advisory team 
of multidisciplinary healthcare providers and parents of preterm 
infants or NICU graduates. (18) A new integrative review and con-
sultation with a SENSE advisory team is planned every five years 
to ensure the program remains current and applicable based on 
emerging evidence. 

Advantages of the program:

• Descriptive and comprehensive education aimed at inform-
ing and engaging parents in providing developmentally ap-
propriate sensory exposures to their infant(s)

• Evidence-based week-by-week sensory interventions that 
change based on PMA.

• The sensory interventions are designed to be provided by 
parents, but the medical team and/or volunteers can also 
be engaged to ensure the sensory needs of each infant are 
met.

• Sensory exposures can be individualized based on the 
needs of each NICU (based on concurrent medical factors, 
parent choice, and infant behavioral signs).

• The written materials available in the SENSE package in-
clude a booklet for parents, log sheets to track sensory ex-
posures and a weekly infant assessment. An electronic ver-
sion of the SENSE program is also available through a QR 
code. The electronic version has videos that demonstrate 
the described interventions.

• The SENSE program parent education materials have been 
translated into Spanish, French, Hindi, Chinese, Korean, 
Hebrew, and Arabic as of 2023. 

Ongoing research: 

The SENSE program research team is currently conducting an 

NIH-funded study that aims to enroll 215 preterm infants and com-
pare parent (mental health, confidence, and stress) and infant out-
comes (electrocortical activity, neurobehavior, and developmental 
outcomes through age 2 years) of those who receive the SENSE 
program compared to standard of care. In addition, infants will 
receive amplitude-integrated electroencephalography with an 
exploration of electrocortical activity concerning positive sensory 
exposures as a possible mechanism toward improved outcomes.  

Resources:

For more information on the SENSE program, please visit https://
chan.usc.edu/nicu/sense.
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