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Abstract

Objective—To examine whether premature infants receiving the maternally administered H-
HOPE intervention had more rapid weight gain and growth, improved feeding progression, and
reduced length of hospital stay, compared to controls.

Study Design—Premature infants born at 29-34 GA and their mothers with at least 2 social-
environmental risk factors, were randomly assigned to H-HOPE intervention (n = 88) or an
attention control (n = 94) groups. H-HOPE consists of a 15-minute multisensory intervention
(auditory, tactile, visual and vestibular stimuli) performed twice daily prior to feeding plus
maternal participatory guidance on preterm infant behavioral cues.

Results—H-HOPE group infants gained weight more rapidly over time than infants in the
control group and grew in length more rapidly than control infants, especially during the latter part
of the hospital stay.
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Conclusions—For healthy preterm infants, the H-HOPE intervention appears to improve weight
gain and length over time from birth to hospital discharge.
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Introduction

Methods

Design

Infants born preterm frequently demonstrate extrauterine growth restriction during
hospitalization,1: 2 3.4 after hospital discharge,? and in later life.8 Formerly preterm children
have lower height, weight, and head circumference than their full-term peers’ and infants
born extremely preterm (< 28 weeks of gestation) are persistently shorter than full-term
controls through eighteen years.8 For preterm infants, weight gain after birth and before
reaching term is critical for neurodevelopmental function.® 19 For low birth weight (LBW)
and extremely LBW (< 1000 g) infants, more rapid weight gain and growth in head
circumference were associated with improved mental and psychomotor development at 18
and 22 months corrected age (CA).% 10

Numerous interventions intended to optimize growth and development of hospitalized
preterm infants provide additional stimulation that include touch and

massage.11: 12.13,14, 15,16, 17, 18 The Cochrane Review Collaboration concluded that
although massage alone interventions improved daily weight gain by 5.1 g and decreased
hospital length of stay by 4.5 days, the increased growth was only weakly related to
development.1? In contrast the Auditory, Tactile, Visual and Vestibular (ATVV)
intervention is a multi-sensory, well-defined intervention that includes social interaction in
addition to massage.?® The ATVV intervention improves weight gain and feeding
progression, and reduces length of stay.21: 22. 23, 24, 25, 26, 27, 28

In this study, the ATVV intervention was integrated with a parent participatory guidance
intervention (Hospital to Home Transition — Optimizing Premature Infant’s Environment, or
H-HOPE) as a means to support mothers’ feeding and social interactive skills as well as
infant alertness prior to and during oral feeding, to improve hospital progression.29 We
examined whether premature infants receiving the H-HOPE intervention had more rapid
weight gain and growth, improved feeding progression, and reduced length of hospital stay,
compared to infants assigned to an attention control group.

This study employed a balanced two-group randomized clinical trial (RCT) design to
evaluate infant outcomes following the H-HOPE mother-infant intervention. Mother-infant
dyads were enrolled shortly after birth and randomized to the H-Hope or Control group.
Random assignment was centrally controlled by using two computer-generated lists of
random numbers (0 = intervention and 1 = control), one for each site, balanced so that half
the infants at each site were in the experimental group. The intervention began the day after
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the baseline assessment of oral feeding. Data were abstracted from the infants’ medical
records and included weight, length and head circumference from date of birth to discharge,
daily proportion of oral to gavage intake, and length of hospital stay.

Setting and Sample

The RCT was conducted at two inner city community hospitals, one with a Level Il (with
extended capabilities) and one with a Level 111 Special Care Nursery. The Institutional
Review Boards at the two clinical sites and the university approved the clinical trial. Written
informed consent was obtained from the mother at enrollment into the study. Infants were
eligible if they were born between 29 and 34 weeks gestational age and were clinically
stable at enrollment. Gestational age at birth was measured via the Ballard.20 Both clinical
sites used this method. Exclusion criteria included congenital anomalies, parenchymal brain
injury, necrotizing enterocolitis, chronic lung disease, receiving oxygen via nasal canula,
HIV, and prenatal drug exposure. The infants’ mothers were eligible if they had at least two
social-environmental risk factors which included: self-identified as African-American or
Latina, less than high school education, less than 18 years old, history of current mental
illness, depression, family income less than 150% of poverty, more than one child under 24
months, 4 or more children under 4 in the household, or residing in a disadvantaged
neighborhood. Mother-infant dyads were excluded if the mother was positive for illicit drug
use.

One hundred eight-two research participants were enrolled. A total of 32 dyads were
excluded from the study; 26 of these mother-infant dyads were deemed ineligible to
participate after enroliment. Seventy-nine infants (n = 39 controls and n = 40 H-HOPE)
were enrolled from the Level Il NICU and one hundred three infants (n = 55 controls and n
= 48 H-HOPE) were enrolled from the Level 111 NICU. The enrolled sample was
predominately African American (n = 89) and Latina (n = 93). There were 87 male infants
and 95 female infants. Mean infant gestational age at birth was 32.6 weeks (SD = 1.5). Mean
birth weight was 1824.8 grams (SD = 357.1). The mean chronological age of the infants at
baseline was 9.2 days (SD = 6.5). The mean 5-minute infant APGAR score was 8.3 (D =
1.0). Infant health status throughout the infant’s hospital stay was calculated via the
Problem-Oriented Perinatal Risk Assessment System (POPRAS).31 The mean infant health
status score from the POPRAS was 68.1 (SD = 18.8). One hundred twenty-seven mothers
began milk expression. At hospital discharge 48 (27% plus 2 missing milk types) mothers
continued with breast milk expression. Of the H-HOPE babies, 55.8% were fed any breast
milk and 64.6% of controls were fed breast milk (p = 0.23). The standard of care in both
NICUs was to fortify all breast milk feedings when 50% of the feedings contained breast
milk. There were no significant group differences. See Table I.

Experimental (H-HOPE) and Control Groups

The infant-directed component of H-HOPE, the ATVV,21. 24, 25,32, 33, 34 proyided 10
minutes of auditory (female voice), tactile (moderate touch massage) and visual (eye to eye)
stimulation, followed by 5 min of vestibular stimulation (horizontal rocking).2 The stimuli
were presented in a gradual progression and in the following sequence: auditory only,
followed by auditory and tactile, with visual added as the infant becomes alert. The
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vestibular stimuli is added and the tactile component withdrawn for the remaining 5
minutes. The ATVV began after the day after the baseline feeding assessment, when the
infant reached 32 weeks postmenstrual age (PMA). The ATVV was administered twice
daily during hospitalization by the mother or the nurse from the Nurse-Advocate
Team.2L 25,33

The mother directed component of H-HOPE consisted of maternal education and social
support through individualized participatory guidance.?® This was provided by the Nurse-
Advocate Team during 2 in-hospital visits. Of the women assigned to the H-HOPE group,
63% participated in both of the visits in the hospital.

The attention control intervention was designed to provide a similar amount of contact and
staff attention, but with distinctly different content from the H-HOPE intervention. Infants
received the current standard of feeding and nursery care. Additionally, their mothers
received educational content that included premature infant care including bathing, sleep
positions and sleep habits, holding the baby, safety of infant equipment, and car safety.

Training and Fidelity

Measures

Different personnel conducted the Attention Control condition and the H-HOPE
intervention. These two intervention teams were trained separately. Fidelity of both the
Attention Control Condition (Parent Education Program or PEP) and the H-HOPE
intervention was assessed in several ways. All Attention Control Condition contacts were
guided by a PEP Script and documented on the PEP checklist. To ensure fidelity of the
ATVV portion of the intervention, the Nurse-Advocate Team and the mothers were taught
the ATVV intervention and reliability (> 90% agreement with the ATVV checklist) was
established prior to initiation of the study.21: 22. 24,25, 33 Mothers were taught how to
administer the ATVV during the infants’ hospitalization and recorded each time they
administered it in the ATVV intervention log. Additionally, the fidelity of the mother’s
performance of the ATVV was confirmed at the hospital visits by asking the mother to
administer the ATVV to the infant while the Nurse- Advocate Team observed the mother.
The Nurse-Advocate Team recorded the fidelity of ATVV on the ATVV checklist.
Reliability of both the mothers and nurse administration was randomly checked by the
principle investigator using the ATVV checklist and was maintained at > 90% agreement.

Members of the evaluation team were trained separately and collected the data at both
clinical sites.

The length of hospital stay was calculated by subtracting the date of birth from the discharge
date. Daily progression from partial (oral plus gavage) to full oral feeding was measured for
the subsample of infants who were still partially gavage feeding at the time of the baseline
oral feeding observation (n = 115), after which the intervention began. Feeding progression
was calculated as the number of days from the baseline feeding assessment to 100% oral
feeding. Achievement of 100% oral feeding was defined as the first day of which infants
received all of their nutrition by mouth (none gavage), as long as complete oral feeding was
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maintained for at least two additional consecutive days, or the infant was discharged home.
Infant weight was measured daily from birth until hospital discharge, while length and head
circumference were obtained every 7 days from birth through hospital discharge.

Statistical Analyses

Results

The distribution of infant characteristics, overall and by experimental group, was analyzed
using descriptive and bivariate statistics. Chi-square and t-tests compared baseline
characteristics of H-HOPE and control infants. Mean values for length of hospital stay,
PMA at discharge, and time from first to full oral feeding were compared between H-HOPE
and control infants using t-tests. Mixed effects regression models (SAS) were implemented
to model weight gain during hospital stay, and change in length and head circumference
during hospital stay, comparing the H-HOPE to the control group. Sample characteristics
were examined as potential covariates for each of the models. Covariates included infant
sex, plurality (singleton or multiple), small for gestational age (SGA) status, gestational age
at birth, birthweight, and length and head circumference at birth, 5-minute Apgar score,
chronological and PMA at the baseline feeding observation and the POPRAS score,3! and
the daily average calories/kg. Time was measured in days since baseline feeding assessment
(after which the intervention began) until hospital discharge. Analyses were performed using
IBM SPSS statistics software Version 19 and SAS statistics software Version 9.3 with a set
at 0.05.

Infants in the H-HOPE group gained weight more rapidly over time than controls (Figure 1,
Panel A). The model that best fit the data was a quadratic growth curve, with a group by
time effect and repeated time and an autoregressive covariance structure. The main effect for
group assignment in the model was not significant, indicating successful randomization and
similar weights at baseline for H-HOPE and controls. However, there was a significant
group by time interaction (Table I1). By day 20, the H-HOPE infants were 46.3 grams
heavier on average than controls. The model also indicated that there were significant
interactions for calories per day by time and infant morbidity score by time. Additional
covariates that were significant in the model were chronological age at baseline, maternal
race, and birthweight (Table I1).

For length data, the model that best fit was a quadratic growth curve with repeated time and
a heterozygous autoregressive covariance structure. A significant quadratic time by group
effect was observed (Table 1) indicating that the H-HOPE infants grew in length more
rapidly than controls, especially during the latter part of the hospital stay (Table 111, Figure
1, Panel B). Significant covariates included chronological age at baseline, race, sex, and
birth length.

The model that best fit the longitudinal data for head circumference was a linear growth
curve with repeated time and a heterozygous compound symmetry covariance structure.
While head circumference increased significantly over time for all infants, as indicated by
the significant time effect (Table Il), no differences were observed by intervention group for
head circumference at baseline or change in head circumference over time (Figure 1, panel
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C). Chronological age at baseline, small for gestational age, birth head circumference, race,
POPRAS score, and calories per day were significant covariates in the model (Table II).

Length of hospital stay did not differ for infants in the H-HOPE (mean = 21.3 days, SD =
10.4) and control (mean = 21.4 days, SD = 12.5) groups. Similarly, the mean infant PMA at
hospital discharge was 35.6 weeks (SD = 1.1) for H-HOPE and control infants alike. There
was no difference in the number of days between the baseline oral feeding measurement and
achievement of full oral feeding for H-HOPE (mean = 6.5, SD = 4.2) compared to controls
(mean=6.1, SD =4.9) (p=0.67).

Discussion

Infants assigned to the H-HOPE intervention gained weight and grew in length more rapidly
than infants in the attention control group. Interventions that support growth during preterm
infant hospitalization are critical because extrauterine growth restriction is common in the
preterm infant population?: 34 and greater weight gain in preterm infants until term has been
associated with improved neurodevelopment.®: 10 Previous research has also shown that
weight gain out of proportion to linear growth does not incur additional neurodevelopmental
benefits.?

In contrast to interventions that employ massage alone, the Auditory, Tactile, Visual and
Vestibular (ATVV) intervention is a multi-sensory, well-defined intervention that includes
social interaction in addition to massage.20 In this study, the ATVV intervention was
integrated with a parent participatory guidance intervention (Hospital to Home Transition —
Optimizing Premature Infant’s Environment, or H-HOPE) to support mothers’ feeding and
social interactive skills as well as infant alertness prior to and during oral feeding, improving
hospital progression.2

Research employing various modes of sensory stimulation have yielded conflicting results.
In previous research, preterm infants receiving the ATVV intervention demonstrated a trend
for improved weight gain, but the results did not reach statistical significance.28 However,
full term infants living in a Korean orphanage who received the ATVV intervention tended
to gain more weight per day and grow faster in length and head circumference when
compared with controls.23 Other studies have investigated the effects of various components
of sensory stimulation interventions (in isolation) for preterm infants on weight gain. Field
and colleagues reported greater weight gain in preterm infants who received one mode of
sensory stimuli, moderate pressure massage (tactile stimulation), combined with flexion and
extension of the upper and lower extremities (kinesthetic stimulation) for 10 to 15 minutes, 2
to 3 times daily for 5 to 10 days.11 16,17, 35,36, 37, 38 | contrast, a recent study by Moyer-
Mileur and colleagues found that a massage alone and range-of-motion intervention
administered to preterm infants twice daily for 20 minutes failed to increase weight gain.18
However, the researchers found that male infants who received the intervention had
decreased concentrations of circulating adiponection over time leading to lower body fat
deposition and consequently, improved growth quality.18 In their study of 75 hospitalized
preterm infants, Fucile and Gisel3® found that infants who received oral or tactile/kinesthetic
stimulation gained more weight during the study period than control infants. However,
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infants who received a combination intervention employing both oral and tactile/kinesthetic
stimulation did not have significantly increased weight gain compared with oral stimulation
alone, tactile/kinesthetic, or controls which the researchers speculate may have been related
to the shorter duration of each intervention in the combined protocol (15 minutes of oral and
15 minutes of tactile/kinesthetic stimulation for the combined protocol versus 30 minutes of
each modality for the singular intervention groups). In another study, massage combined
with Kinesthetic stimulation, or range-of-motion exercises, was shown to increase average
daily weight gain in preterm infants greater than 1000 g at birth whereas massage alone was
not associated with increased weight gain.*0 The lack of consistency in these collective
findings is likely to be related to the different intervention protocols, types of stimuli,
duration of the stimuli, and the number of days the intervention was provided within these
studies.1? Further research with standardized intervention is warranted.

In contrast to previous research utilizing the ATVV,21: 24,25, 26, 27, 28 preterm infants in this
study did not demonstrate significant differences in length of hospital stay. We speculate
that our lack of significant findings for length of hospital stay may be due to this particular
study protocol which delayed the administration of the ATVV intervention until after a
baseline oral feeding assessment had been obtained (nine days on average). This change in
procedure was employed to evaluate baseline sucking data for another aim in the larger
study.*® In previous study protocols that found a significant intervention effect on length of
hospital stay, infants began receiving the ATVV weekly beginning at 33 weeks PCA
regardless of oral feeding status.2: 26. 27 Therefore, administration of the ATVV during the
weeks before initiation of oral feeding may have prepared the infant for oral feeding,
resulting in earlier initiation of oral feedings, faster progression to full oral feeds, and a more
rapid hospital discharge.

A key component of the H-HOPE intervention is the application of sensory stimuli that are
appropriate for the infant’s current development.#2 The sensory stimuli provide human
social interaction in conjunction with touch at the time when infants are learning social
interactive skills and beginning oral feeding. In the past, the ATVV intervention was
initiated when the infant reached 33 weeks PMA to support the beginning development of
these skills.21: 22 Additionally, This intervention has recently been implemented for infants
born less than 29 weeks gestation, however the intervention was not initiated until the
infants were stable and weighed at least 1000 grams.*3 The H-HOPE intervention also
provides guidance to mothers as to how to read and interpret her infant’s behavioral cues.34
Mothers learn to change their behavior during the ATVV to support optimal infant behavior.

What remains unknown is the biologic mechanism that is associated with these various
sensory interventions. Comparison of the massage only component of the ATVV (no human
social interaction) with the multisensory ATVV revealed that massage only increased
cortisol levels and infants demonstrated higher pulse rates, suggestive of increasing stress
reactivity.34 44 For premature infants, massage with kinesthetic stimulation increases vagal
activityl’, bone strength and biomarkers for bone growth#®, and a decrease in plasma
cortisol concentration*® Maternally administered massage has also been shown to improve
maternal mood while decreasing maternal cortisol.4”48 Since many beneficial effects of
maternal proximity, handling, and touch on the development of emotion regulation have
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been reported in both human and animal models, it has been speculated that neuropeptide
systems are linked to the infant’s emotion regulation to influence stress-reactivity and
behavior.42%0 In light of these reports, additional research is warranted to better understand
the neuroendocrine responses to massage and massage with human social interaction.

Unlike previous research3>: 36, we did not find a significant difference in feeding
progression in infants who received the ATVV. The sample size for the feeding progression
analysis was confined to only those infants who were gavage feeding at the time of the
baseline assessment. This resulted in a small sample size with insufficient power for the
feeding progression analysis which is a study limitation.

There were a number of limitations to this study. The number of infants decreased over the
course of hospitalization and thus the number available for analysis after 20 days was
reduced. The change in our protocol does not allow for comparison of these findings with
our previous research. Finally, infants in this study were all African American or Latina and
predominately low income, limiting generalizability to other groups. Future research with
specific subgroups of premature infants, for example those diagnosed with
bronchopulmonary dysplasia, and longer term outcomes would advance our understanding
of infant response to this intervention. A major strength of the study is the use of a
developmentally appropriate intervention with a well-defined protocol that offers mothers a
guided approach to interacting with their infants while promoting growth.

Conclusion/Implications

For healthy preterm infants, the H-HOPE intervention appears to improve weight gain and
length over time from birth to hospital discharge. This is the first study to evaluate the
effects of the H-HOPE intervention on hospitalized preterm infant weight gain and linear
growth and adds to the growing body of research demonstrating improved weight gain and
growth in hospitalized preterm infants who receive massage. While length of stay and
feeding progression are important clinical variables, the procedure employed in this research
precluded significant group findings for these indicators.
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Sample characteristics by Intervention Group

Table |

Characteristic Value> H-HOPE" (n=88) ~Control” (n=94)
Sex Female 50.1 45.7
Male 40.9 54.3
Race Latina 51.1 51.1
African American 48.9 48.9
Plurality Singleton 85.2 84.0
Twin/Triplet 14.8 16.0
Small for Gestational Age Yes 29.6 29.8
No 70.5 70.2
Characteristic: Mean (std) Mean (std)
Gestational Age @ Birth (wks) 325(1.5) 32.6 (1.4)
Birth Weight (g) 1809.5 (330.3) 1839.1 (381.6)
Birth Length (cm) 42.7 (2.6) 42.9 (3.0)
Birth Head Circumference (cm) 29.4 (1.6) 29.3(2.3)
Apgar Score (5-minute) 8.3(1.0) 8.3(1L.1)
Chronological Age at Baseline (days) 8.8(6.2) 9.5(6.7)
Post Menstrual Age at Baseline (wks) 34.0(1.0) 33.8(1.0)
Infant morbidity score (POPRAS) 66.3 (17.8) 69.9 (19.7)
Calories/kg per Day 174.2 (50.3) 174.1 (57.3)

*

Percent
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Table llI
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Estimated Mean Difference (Standard Error) between H-HOPE and Control Infants in Weight and Length at
Different Time Points during the hospital stay

n

Weight (grams) n  Length (cm)

Day 0 (baseline) 181

Day 10 103
Day 20 33
Day 28 8

-9.77(19.36) 180  0.35(0.54)
1826 (17.93) 100 _g 66 (0.30)™"

46.30 (25.27)" 9 170051

68.72 (34.04)" - -

*
p<0.10(marginally significant);

*

p<0.05
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