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IMPORTANCE Pharmacologic agents are often used to treat newborns with prenatal opioid
exposure (POE) despite known adverse effects on neurodevelopment. Alternative
nonpharmacological interventions are needed.

OBJECTIVE To examine efficacy of a vibrating crib mattress for treating newborns with POE.

DESIGN, SETTING, AND PARTICIPANTS In this dual-site randomized clinical trial, 208 term
newborns with POE, enrolled from March 9, 2017, to March 10, 2020, were studied at their
bedside throughout hospitalization.

INTERVENTIONS Half the cohort received treatment as usual (TAU) and half received standard
care plus low-level stochastic (random) vibrotactile stimulation (SVS) using a uniquely
constructed crib mattress with a 3-hour on-off cycle. Study initiated in the newborn unit
where newborns were randomized to TAU or SVS within 48 hours of birth. All infants whose
symptoms met clinical criteria for pharmacologic treatment received morphine in the
neonatal intensive care unit per standard care.

MAIN OUTCOMES AND MEASURES The a priori primary outcomes analyzed were
pharmacotherapy (administration of morphine treatment [AMT], first-line medication at both
study sites [number of infants treated], and cumulative morphine dose) and hospital length
of stay. Intention-to-treat analysis was conducted.

RESULTS Analyses were performed on 181 newborns who completed hospitalization at the
study sites (mean [SD] gestational age, 39.0 [1.2] weeks; mean [SD] birth weight, 3076 (489)
g; 100 [55.2%] were female). Of the 181 analyzed infants, 121 (66.9%) were discharged
without medication and 60 (33.1%) were transferred to the NICU for morphine treatment (31
[51.7%] TAU and 29 [48.3%] SVS). Treatment rate was not significantly different in the 2
groups: 35.6% (31 of 87 infants who received TAU) and 30.9% (29 of 94 infants who received
SVS) (P = .60). Adjusting for site, sex, birth weight, opioid exposure, and feed type, infant
duration on the vibrating mattress in the newborn unit was associated with reduction in AMT
(adjusted odds ratio, 0.88 hours per day; 95% CI, 0.81-0.93 hours per day). This translated to
a 50% relative reduction in AMT for infants who received SVS on average 6 hours per day.
Among 32 infants transferred to the neonatal intensive care unit for morphine treatment who
completed treatment within 3 weeks, those assigned to SVS finished treatment nearly twice
as fast (hazard ratio, 1.96; 95% CI, 1.01-3.81), resulting in 3.18 fewer treatment days (95% CI,
−0.47 to −0.04 days) and receiving a mean 1.76 mg/kg less morphine (95% CI, −3.02 to −0.50
mg/kg) than the TAU cohort. No effects of condition were observed among infants treated
for more than 3 weeks (n = 28).

CONCLUSIONS AND RELEVANCE The findings of this clinical trial suggest that SVS may serve as
a complementary nonpharmacologic intervention for newborns with POE. Reducing
pharmacotherapy with SVS has implications for reduced hospitalization stays and costs, and
possibly improved infant outcomes given the known adverse effects of morphine on
neurodevelopment.
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N ewborns with prenatal opioid exposure (POE) present
with characteristic withdrawal symptoms and dysregu-
lated behaviors of the central and autonomic nervous

systems commonly attributed to neonatal abstinence syndrome/
neonatal opioid withdrawal syndrome.1-3 While first-line strat-
egies are typically sufficient to manage the care of infants with
mild symptoms,4-7 pharmacotherapy is used to treat infants for
whom first-line strategies are inadequate.8-10 Pharmacologic
agents used to treat newborns with POE include federally
controlled opioid agonists (eg, morphine, methadone) and
other prescribed medications (eg, phenobarbital) with known
adverse effects on development.11-20 Alternative nonpharma-
cologic interventions are critically needed for hospitalized
newborns with POE to reduce the consequences of in utero ex-
posures that may be further exacerbated by postnatal pharma-
cologic treatment.

A growing amount of research suggests the importance of
tactile sensory stimulation for promoting physiologic matu-
ration and brain development, and for improving behaviors im-
plicated in intrauterine drug exposure.21-34 Evidence sup-
ports that stochastic (ie, random, noisy) mechanostimulation
can promote stability in destabilized biological systems.35-39

In preliminary studies by some of the authors of the present
study, low-level stochastic vibrotactile stimulation (SVS) de-
livered through a uniquely constructed crib mattress im-
proved physiologic function in newborns with neonatal ab-
stinence syndrome.40,41

A main objective of this trial was to test the therapeutic
efficacy of SVS for reducing pharmacologic treatment in new-
borns with POE hospitalized since birth.42 We hypothesized
that daily administration of SVS complementary to standard
care would reduce the severity of withdrawal symptoms and
dysregulated behaviors, resulting in less pharmacotherapy
throughout the infant’s hospitalization. Morphine treatment
was compared between newborns with POE randomized to
receive SVS or treatment as usual (TAU).

Methods
Study Design
Reporting and analysis for this trial followed the Consoli-
dated Standards of Reporting Trials (CONSORT) reporting
guideline; the trial protocol is available in Supplement 1.42 The
University of Massachusetts (UMass) Medical School
Institutional Review Board approved the study through a
reliance agreement with the University of Pittsburgh (UPitt).
Participants were recruited at UMass between March 9, 2017,
and February 25, 2020, and at UPitt between August 18, 2017,
and March 10, 2020. The in-hospital bedside studies were
conducted in neonatal units where infants received around-
the-clock medical care. Written informed consent was obtained
from the biological mother of each infant either prenatally or
within 48 hours after delivery.

This prospective dual-site randomized clinical parallel
group modified (analyzed for condition received) intention-
to-treat trial evaluated the therapeutic efficacy of SVS for re-
ducing pharmacologic treatment in term (≥37 weeks’ gesta-

tion) newborns with POE. Randomization (TAU or SVS) used a
computer-generated force-block design to ensure even alloca-
tion of the intervention for each site and birth sex. The design,
hypotheses, sample size, and power calculations were created
before availability of the trial results (Supplement 1).42

Inclusion and Exclusion Criteria
Eligible infants were newborns at greater than or equal to 37
weeks’ gestation with POE (confirmed meconium and/or urine
toxicology report and/or documented in utero opioid expo-
sure, such as methadone, buprenorphine, oxycodone, and
heroin) receiving neonatal care at UMass or UPitt.42 Exclusion
criteria included clinically significant congenital anomalies, hy-
drocephalus, intracranial hemorrhage greater than grade 2, sei-
zures not related to drug withdrawal, anemia (hemoglobin <8.0
g/dL [to convert to grams per liter, multiply by 10]), hypoxic is-
chemia encephalopathy, respiratory failure requiring invasive
ventilatory support, or receiving treatment for bacterial or vi-
ral conditions.

Protocol
Enrollment and randomization to TAU or SVS occurred within
48 hours of birth in the newborn unit. Infants assigned to SVS
had their hospital crib mattress replaced with a uniquely con-
structed SVS study mattress (30-60 Hz, approximately 12 μm
root mean square; Wyss Institute, Harvard University; Cofab
Design, LLC)42,43 with a preprogrammed, 3-hour SVS on-off
cycle continuously. The SVS cycled on and off even if the in-
fant was not in their crib.

Per standard of care, all infants received nonpharmaco-
logic strategies4-7 and were assessed clinically for signs and
symptoms of withdrawal via the modified Finnegan tool.44,45

Infants who developed symptom severity that met clinical cri-
teria for pharmacologic treatment based on common conven-
tional clinical protocol46 (ie, 3 consecutive Finnegan scores ≥8
or 2 consecutive scores ≥12) determined by the infant’s medi-
cal care team were transferred to the neonatal intensive care
unit (NICU) for treatment. As a safety protocol for infants as-
signed SVS whose symptoms did not meet the criteria for treat-
ment during the newborn unit observation period, the SVS mat-
tress was turned off 12 to 24 hours before the anticipated

Key Points
Question Is stochastic vibrotactile stimulation (SVS) via a crib
mattress an effective intervention for reducing pharmacologic
treatment in newborns with prenatal opioid exposure (POE)?

Findings In this randomized clinical trial, analysis of 181 newborns
with POE revealed SVS duration was associated with a significantly
reduced risk of pharmacologic treatment. Among infants who
completed pharmacotherapy within 3 weeks, those receiving SVS
completed treatment in 3.18 fewer days and received 1.76 mg/kg
less morphine than infants treated as usual.

Meaning The findings of this study suggest that SVS may serve as
a complementary nonpharmacologic intervention for treating
infants with POE; less pharmacotherapy has implications for
reduced hospitalization and costs.
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discharge from the hospital to allow for observation of the
infant without SVS. If an infant exhibited signs of withdrawal
that met clinical criteria to treat, the infant was transferred to
the NICU per standard of care and the SVS intervention was
resumed. For all infants transferred to the NICU for pharma-
cotherapy, SVS was shut off on completion of morphine treat-
ment (ie, first-line medication) regardless of the continuation
of other treatment medications. Start/stop times of the
mattress cycle varied by initial enrollment time, newborn ob-
servation, and NICU treatment periods. The SVS start/stop
times, cycle periods, and deviations (eg, stops/restarts due
to technical issues, safety protocol, or parental/medical
requests) were noted in a date- and time-stamped computer-
ized bedside study log. Infants randomized to TAU received
only the standard hospital-issued nonoscillating crib mattress
throughout hospitalization.

All infants received site standard of care and caregivers
were instructed to provide care as they typically would, in-
cluding feeding, holding, and using hospital-issued motor-
ized seats (mamaRoo; 4moms). Caregivers were further in-
structed to log bedside activities, providing a 24-hour record
of infant time in the crib vs being held or in a motorized seat.
The study log also indicated when the infants assigned SVS
were in the crib with and without stimulation.

Infant and maternal demographic characteristics and medi-
cal history, and infant daily clinical assessments throughout
hospitalization (eg, Finnegan scores, pharmacologic treat-
ment, and feeds) were obtained from electronic medical rec-
ords and maternal questionnaires. Race and ethnicity were ob-
tained per National Institutes of Health reporting requirements
and to assess associations with outcomes. Race and ethnicity
were reported by the biological mother from a questionnaire
with predefined categories. Data were entered into the study
database (REDCap).47,48

Outcomes
The a priori primary outcomes analyzed for this article were
pharmacotherapy and hospital duration (Supplement 1). The
primary end points for pharmacotherapy were administra-
tion of morphine treatment (AMT), the first-line medication
at both sites (number of infants treated), and the cumulative
morphine dose (CMD) (the sum of the ratio of daily milli-
grams of morphine per kilogram body weight). The primary
end point for hospital duration was length of stay (days).
Because length of stay was affected by factors unrelated to
medical condition and care, such as delays in discharge due
to guardianship and housing, the associated outcome that fo-
cused on length of morphine treatment (LOT) (the number of
days receiving morphine) was also analyzed.

This is a new device and given the lack of interventional
device studies when the trial was designed, we examined the
influence of pertinent variables identified a priori (eg, demo-
graphic data, prenatal drug exposure, and postnatal feed type)
(Supplement 1).42 Because infants were studied at the bed-
side to support routine care, impartial to condition assign-
ment, SVS assignment did not guarantee an infant would be
in the crib when the stimulation was on. Thus, we also ana-
lyzed dose-response effects of bedside activities on the pri-

mary outcomes: duration (hours per day) that the infant re-
ceived SVS on, SVS off, caregiver hold, and hospital-issued
motorized seats.

Sample Size Calculation
In the original development of the study, we used Finnegan
score to estimate sample size (Supplement 1). Given emerg-
ing concerns on the meaningfulness of the Finnegan score
as a primary outcome,45,49 we focused analyses on pharma-
cotherapy (AMT, CMD, and LOT) and hospitalization dura-
tion (length of stay). We did not recalculate the sample size
post hoc; calculations reported in other studies8,50 indicated
our study sample size was adequate to detect differences
(Supplement 1).

Statistical Analysis
Demographic and other baseline mother and infant charac-
teristics were described by condition (TAU or SVS). Unad-
justed effects of SVS condition on each primary outcome were
compared using 2-sample t tests. Adjusted effects of SVS con-
dition and daily duration were assessed using regression-
based models. Associations of dose-response variables with
each outcome were also analyzed. The AMT was analyzed with
an adjusted logistic regression model using the population of
infants who completed hospitalization; CMD and LOT were
analyzed using the cohort of infants who received pharmaco-
logic treatment in the NICU. Cumulative morphine dose was
analyzed with multiple linear regression. Analyses of LOT were
performed using a negative binomial regression model. Given
the novelty of the device, for exploratory purposes for future
studies, all models were adjusted for possible factors that could
influence treatment outcomes as identified a priori in the pro-
tocol (ie, site, type of opioid the infant was exposed to in utero,
whether the infant was receiving breast milk at day of dis-
charge, birth weight, and sex). All statistical analyses were
performed using R programming, version 1.4.1717 (R Founda-
tion for Statistical Computing). Cox proportional hazards mod-
els were analyzed using the survival library. Kaplan-Meier and
forest plot curves were plotted using the ggplot2 library. Analy-
ses were performed according to condition received, noting that
1 infant assigned to TAU received SVS due to staff allocation
error. Statistical significance was determined with a thresh-
old level of α = .05. All adjusted analyses are presented with
95% CIs.

Results
A total of 208 mother/infant dyads were enrolled (Figure 1;
eTable 1 in Supplement 2); 104 infants were randomized to TAU
and 104 to the mattress SVS intervention. Analyses were per-
formed on 181 infants who completed hospitalization at their
study site (mean [SD] birth gestational age, 39.0 [1.2] weeks;
mean [SD] birth weight, 3076 [489] g; 100 [55.2%] were fe-
male; 81 [44.8%] were male; for race, 5 [2.8%] were Black or
African American; 1 [0.6%] Native Hawaiian or Other Pacific
Islander; 29 [16.0%] multiracial; 138 [76.2%] White; 8 [4.4%]
unknown; for ethnicity, 18 [9.9%] Hispanic or Latino; 155
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[85.5%] Non-Hispanic or Latino; 8 [4.4%] unknown; 87 TAU
[48.1%]; and 94 SVS [51.9%; includes the infant assigned to TAU
who received SVS]). Demographic variables and other charac-
teristics were similar between groups (Table 1 [analyzed co-
hort]; eTable 2 in Supplement 2 [full cohort]), except in the ana-
lyzed cohort there were more infants exposed to opioids (illicit
or prescribed) not specified for medication-assisted therapy
in the SVS group (9.6%) than the TAU group (1.1%) (P = .03).
Of the 27 infants who did not complete hospitalization, 14 were
withdrawn from the study and 13 were transferred to another
hospital (eTable 1 in Supplement 2).

Unadjusted comparisons of outcomes are provided in
Table 2. Of the 181 analyzed infants, 121 (66.9%) were dis-
charged without medication and 60 (33.1%) were transferred
to the NICU for morphine treatment (31 [51.7%] TAU and 29
[48.3%] SVS). Treatment rate was 5% higher in the TAU group
(31 of 87 infants [35.6%]) than the SVS group (29 of 94 infants
[30.9%]) but this difference was not statistically significant
(P = .60). Day of life the infants started treatment was not sig-
nificantly different between the TAU and SVS groups (Table 2).
Among the untreated infants, there was no significant differ-
ence in day of life at which the infants were discharged from
the newborn unit between the TAU (mean [SD], 5.7 [1.3] days)

and SVS (mean [SD], 5.9 [1.6] days) groups (P = .55). Of note, per
study safety protocol, among the full cohort of 105 infants who
received SVS there were 58 infants in whom SVS was turned off
in the newborn unit 12 to 24 hours before the anticipated dis-
charge for infant observation. Within 24 hours of shutting off
SVS, 6 infants (10.3%) met the criteria for pharmacotherapy and
were transferred to the NICU for treatment.

Adjusted analyses of AMT with dose-response variables for
the analyzed group (n = 181) revealed that SVS duration in the
newborn unit (hours per day) was associated with a reduc-
tion in AMT (odds ratio [OR], 0.88 hours per day; 95% CI, 0.81-
0.93 hours per day) (Table 3). This corresponded to a 50% re-
duction in AMT for infants receiving SVS, on average, 6 hours
per day in the newborn unit. Adjusting for the duration of each
of the bedside activities, the amount of time infants were held
by caregivers in the newborn unit was also associated with a
reduced AMT (OR, 0.90 hours per day; 95% CI, 0.86-0.94 hours
per day) (Table 3). Post hoc analyses showed that the effects
of SVS duration (OR, 0.89 hours per day; 95% CI, 0.89-0.95
hours per day) and caregiver hold time (OR, 0.91 hours per day;
95% CI, 0.86-0.95 hours per day) on AMT were additive when
considered jointly in the regression model.

Infants Treated With Morphine
Adjusted analyses of the 60 infants who were transferred to the
NICU and received morphine treatment revealed no signifi-
cant differences in CMD or LOT between the 2 conditions
(Table 3). However, it was evident from the Kaplan-Meier plot
(Figure 2) that among infants who completed treatment within
3 weeks (responders), LOT differed between infants who re-
ceived SVS vs TAU; 58.6% (17 of 29) of infants who received SVS
finished treatment within 3 weeks compared with 48.4% (15 of
31) of infants who received TAU. Analyses revealed that, within
this time period, infants who received SVS finished treatment
nearly twice as fast (hazard ratio, 1.96; 95% CI, 1.01-3.81), re-
sulting in a 26% decrease in LOT or 3.18 fewer treatment days
than infants who received TAU (95% CI, −0.47 to −0.04) (eTable 3
in Supplement 2). Adjusted analyses of this responder group
also revealed that the mean CMD was 1.76 mg/kg less for in-
fants who received SVS vs TAU (95% CI, −3.02 to −0.50)
(eTable 3 in Supplement 2). For infants treated for more than
21 days (nonresponders), there was no significant difference
between conditions for CMD or LOT (eTable 4 in Supple-
ment 2). As noted in Table 2, there were significantly more non-
responders (67.9%) who received adjunctive phenobarbital
than responders (3.1%) (P < .001).

Prenatal opioid exposure to methadone (maternal medi-
cation-assisted therapy) played a significant role in AMT, CMD,
and LOT in adjusted analyses controlling for condition and a
priori cofactors: infants with prenatal methadone exposure had
a higher rate of AMT (OR, 2.30; 95% CI, 1.15-4.62) (Table 3), and
responders with prenatal methadone exposure had higher a
CMD mean (2.48 mg/kg; 95% CI, 1.14-3.82 mg/kg) and longer
LOT (mean change, 0.36; 95% CI, 0.01-0.59) than infants of
mothers receiving buprenorphine therapy (eTable 3 in Supple-
ment 2). There were no interactions between methadone ex-
posure and condition. Increases in CMD and LOT were ob-
served among responders with methadone exposure for all 5

Figure 1. Flow Diagram of Participant Enrollment

444 Newborns with POE assessed 
from UMass and UPitt

104 Randomized to TAU
1 Did not receive 

randomization assignment
1 UMass
0 UPitt

103 Received TAU assignment
46 UMass
57 UPitt

16 Discontinued TAU
7 Transferred to another hospital
1 UMass
6 UPitt

9 Withdrawn from study
4 UMass
5 UPitt

11 Discontinued SVS
8 Transferred to another hospital
2 UMass
6 UPitt

3 Withdrawn from study
2 UMass
1 UPitt

87 Analyzed TAU
41 UMass
46 UPitt

94 Analyzed SVS
45 UMass
49 UPitt

104 Randomized to SVS
1 Did not receive 

randomization assignment
1 UMass
0 UPitt

105 Received SVS assignment
49 UMass
56 UPitt

236 Excluded
22 UMass declined prenatal 

consent

167 UPitt declined postnatal 
consent

12 UPitt declined prenatal 
consent

35 UMass declined postnatal 
consent

208 Randomized 
(95 UMass and 113 UPitt)

SVS indicates stochastic vibrotactile stimulation (intervention); TAU, treatment
as usual (control); UMass, University of Massachusetts; and UPitt, University of
Pittsburgh.

Research Original Investigation Efficacy of a Vibrating Crib Mattress to Reduce Pharmacologic Treatment in Opioid-Exposed Newborns

E4 JAMA Pediatrics Published online May 15, 2023 (Reprinted) jamapediatrics.com

© 2023 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ Non-Human Traffic (NHT) by Randall Webber on 05/15/2023

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2023.1077?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2023.1077
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2023.1077?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2023.1077
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2023.1077?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2023.1077
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2023.1077?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2023.1077
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2023.1077?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2023.1077
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2023.1077?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2023.1077
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2023.1077?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2023.1077
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2023.1077?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2023.1077
http://www.jamapediatrics.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2023.1077


duration variables. Among responders, site differences were also
observed: CMD and LOT were reduced at UPitt for 4 duration
variables (eTable 3 in Supplement 2). Among nonresponders,
site differences in LOT were increased at UMass for 4 duration
variables (eTable 4 in Supplement 2). Notably, UMass had 1.8
times more infants exposed to methadone than UPitt. The
Finnegan score range throughout hospitalization was similar be-
tween sites: UMass range, 0 to 21 (median, 5; IQR, 4-6); UPitt
range, 0-19 (median, 6; IQR, 4-8).

Discussion
There is a critical clinical need for nonpharmacologic
interventions to treat newborns with POE. Reports indicate
that, on average, 70% of newborns with POE receive

pharmacotherapy,51 despite evidence that common-use treat-
ment opioids and other pharmacotherapies impact infant be-
havior and develop- ment.11,13,17,20 To our knowledge, this dual-
site study is the first randomized clinical trial to examine the
efficacy of SVS as a nonpharmacologic intervention for treat-
ing newborns with POE. A key finding was that daily duration
of SVS reduced the likelihood an infant would be treated with
morphine (OR, 0.88 hours per day; 95% CI, 0.81-0.93 hours per
day), equivalent to a 50% reduction in AMT among infants who
received SVS, on average, 6 hours per day while in the new-
born unit. Furthermore, among infants with pharmacologi-
cally managed care who completed morphine treatment within
3 weeks, those receiving SVS had 3.18 fewer treatment days and
1.76 mg/kg less CMD than those assigned to TAU. Together,
these findings support the efficacy of SVS for reducing medi-
cation treatment in newborns with POE, which has implica-

Table 1. Infant and Maternal Demographic Characteristics for Cohorts Who Completed Hospitalization at Study Sitea

Characteristic

Analyzed cohort (n = 181) Treated cohort (n = 60) Responder cohort (n = 32)

TAU SVS TAU SVS TAU SVS
Infant characteristics

Total No. (%) 87 (48.1) 94 (51.9)b 31 (51.7) 29 (48.3) 15 (46.9) 17 (53.1)

Sex, No. (%)

Male 40 (46.0) 41 (43.6) 13 (41.9) 11 (37.9) 7 (46.7) 6 (35.3)

Female 47 (54.0) 53 (56.4) 18 (58.1) 18 (62.1) 8 (53.3) 11 (64.7)

Race,c No. (%)

Black or African American 2 (2.3) 3 (3.2) 1 (3.2) 1 (3.4) 0 1 (5.9)

Native Hawaiian or Other Pacific Islander 0 1 (1.1) 0 0 0 0

White 68 (78.2) 70 (74.5) 23 (74.2) 22 (75.9) 12 (80.0) 12 (70.6)

Multiracial 14 (16.1) 15 (16.0) 4 (12.9) 5 (17.2) 2 (13.3) 4 (23.5)

Unknown 3 (3.5) 5 (5.3) 3 (9.7) 1 (3.5) 10 (6.7) 0

Ethnicity,c No. (%)

Hispanic 9 (10.3) 9 (9.6) 4 (12.9) 3 (10.3) 1 (6.7) 0

Non-Hispanic 74 (85.1) 81 (86.2) 24 (77.4) 26 (89.7) 13 (86.7) 17 (100)

Unknown 4 (4.6) 4 (4.3) 3 (9.7) 0 1 (6.7) 0

Enrolled at UMass, No. (%) 41 (47.1) 45 (47.9) 17 (54.8) 17 (58.6) 4 (26.7) 7 (41.2)

Enrolled at UPitt, No. (%) 46 (52.9) 49 (52.1) 14 (45.2) 12 (41.4) 11 (73.3) 10 (58.8)

Gestational age, mean (SD), wk 39.1 (1.2) 38.9 (1.2) 39.2 (1.2) 38.9 (1.1) 38.9 (1.2) 38.8 (1.1)

Birth weight, mean (SD), g 3086 (454) 3066 (520) 3092 (483) 2993 (410) 3110 (503) 2966 (421)

Birth head circumference, mean (SD), cm 33.6 (1.9) 33.4 (1.7) 33.3 (1.6) 33.3 (1.4) 33.5 (1.2) 33.4 (1.5)

Apgar score 1 min, mean (range) 8.0 (4-9) 7.9 (1-10) 7.7 (4-9) 8.2 (5-9) 7.9 (5-9) 8.3 (7-9)

Apgar score 5 min, mean (range) 8.8 (6-9) 8.8 (6-10) 8.8 (8-9) 8.9 (8-10) 8.9 (8-9) 8.9 (8-9)

Cesarean delivery, No. (%) 20 (23.0) 20 (21.3) 5 (16.1) 5 (17.2) 4 (26.7) 3 (17.6)

Formula-fed only, No. (%) 31 (35.6) 34 (36.2) 12 (38.7) 10 (34.5) 7 (46.7) 5 (29.4)

Discharged receiving breast milk, No. (%) 42 (48.3) 49 (52.1) 13 (41.9) 11 (37.9) 7 (46.7) 7 (41.2)

Biological mother

Maternal age at infant’s birth, mean (SD), y 30.7 (5.3) 29.3 (4.7) 30.9 (4.7) 28.6 (4.0) 29.7 (3.9) 28.3 (4.1)

MAT buprenorphine, No. (%) 52 (59.8) 51 (54.3) 15 (48.4) 10 (34.5) 10 (66.7) 6 (35.3)

MAT methadone, No. (%) 34 (39.1) 34 (36.2) 16 (51.6) 15 (51.7) 5 (33.3) 8 (47.1)

Non-MAT opioid, No. (%) 1 (1.1) 9 (9.6) 0 4 (13.8) 0 3 (17.6)

Abbreviations: MAT, medication-assisted therapy; SVS, stochastic vibrotactile
stimulation; TAU, treatment as usual; UMass, University of Massachusetts;
UPitt, University of Pittsburgh.
a Analyzed cohort comprised infants who completed hospitalization; treated

cohort, a subset of the analyzed cohort who received morphine treatment;
and responder cohort, a subset of the treated cohort who completed

morphine treatment in 21 days or less.
b Included 1 infant assigned to TAU but received SVS.
c Race and ethnicity were reported by the biological mother from a

questionnaire with predefined categories: Black or African American, Hispanic
or Latino, Native Hawaiian or Other Pacific Islander, and White.
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tions for improved neurodevelopmental outcomes, as well as
associated hospitalization stays, subsequent cares, and care
costs.51,52

Caregiver holding time also reduced the likelihood of AMT
(OR, 0.90 hours per day; 95% CI, 0.86-0.94 hours per day), and
was equivalent to that observed with SVS. In contrast, dura-
tion in standard of care hospital-issued motorized seats had
no effect on AMT. The more tactile stimulation, either by gentle
SVS vibration or caregiver hold, the lower the likelihood of phar-
macologic treatment. These findings support the importance
of mechanosensory stimulation for reducing withdrawal symp-
toms and promoting regulated systems.21,28,32,40 While there
is no replacement for natural touch by a caregiver to an in-
fant, given that caregivers are not always available to hold in-
fants in the hospital setting, SVS may provide a beneficial in-
tervention to promote health equity and improve clinical
outcomes among vulnerable newborns with POE.

A strength of this study was that a safety protocol was in-
cluded for infants who received SVS whose symptoms did not
meet the criteria for treatment while in the newborn unit: SVS
was shut off 12 to 24 hours before the anticipated discharge.
Within this safety-observation period, 10% of infants who re-
ceived SVS met symptom criteria and were transferred to the
NICU for morphine treatment. These findings exemplify the
importance of adequate observation periods to safeguard that
infants are not discharged under the misconception that symp-
toms have resolved and reduce the likelihood of readmission
and other adverse consequences.51-54 Symptoms remained be-
low the criteria for treatment in a large subset of infants who
received SVS and 10% of infants met treatment criteria dur-
ing the safety observation after SVS was shut off, supporting
that SVS may mitigate symptoms and serve as a nonpharma-
cologic intervention for treating newborns with POE.

Approximately 33% of the analyzed cohort received phar-
macologic treatment, which is on the lower end of the na-
tional average (mean, 65%; range, 13%-90%).51 Even though
few infants met the criteria for treatment (n = 60), significant
effects were observed, particularly among infants who com-

pleted treatment within 3 weeks; the longer infants received
SVS in the newborn unit, the shorter the treatment and the less
cumulative dose of morphine. Among infants who did not re-
spond readily to pharmacotherapy (eg, treatment >21 days),
there was no noticeable effect of SVS on LOT or CMD. Nota-
bly, 68% of nonresponders received adjunctive medications
compared with 3% of responders. We speculate that infants
whose dysregulation is due to withdrawal will respond to mor-
phine and/or SVS, whereas dysregulation in nonresponders
may reflect in utero development disruptions, polydrug ex-
posure, and other teratogens that may require alternative
modes of treatment.3,40,55,56 It will be important for future stud-
ies to identify subgroups who may be more responsive to SVS.

Independent of condition, methadone exposure and study
site played a major role in morphine treatment. Findings that
methadone increased the likelihood of AMT, LOT, and CMD
are consistent with research comparing methadone and
buprenorphine.57 Site differences may partially be explained
by differences in medication-assisted therapy exposure (UPitt
had more infants receiving buprenorphine, UMass had more
infants receiving methadone), and by the UPitt Parent Part-
nership Unit,58 a program implemented midway through the
study in the UPitt newborn unit wherein mothers cared for their
newborns in a private room throughout the postpartum ob-
servational period. Infants who met the criteria for treatment
were transferred to the NICU and received pharmacotherapy
per standard of care. A total of 40 UPitt study infants partici-
pated in the UPitt Parent Partnership Unit program (19 TAU and
21 SVS); none received pharmacotherapy. Finnegan scoring also
likely did not contribute to site differences, as the score range
was comparable between sites.

Limitations
The trial has limitations. It was intricate and had practical limi-
tations as we prioritized routine care and conducted the study
at the bedside in the newborns’ hospital setting, monitoring
the infant continuously whether they were in the newborn
unit’s nursery, with mother/family in a private room, in the

Table 2. Unadjusted Comparisons of Outcomesa

Outcome

Analyzed cohort (n = 181) Treated cohort (n = 60) Responders (n = 32) Nonresponders (n = 28)

TAU SVS TAU SVS TAU SVS TAU SVS

Administration of morphine
treatment, No. (% within
condition)

31 (35.6) 29 (30.9) 31 (100) 29 (100) 15 (100) 17 (100) 16 (100) 12 (100)

Day of life started treatment,
mean (SD), d

NA NA 2.94 (1.75) 2.48 (1.21) 3.27 (1.58) 2.71 (1.10) 2.63 (1.89) 2.17 (1.34)

Length of treatment, median
(IQR), d

NA NA 21 (17-25) 17 (12-25) 17 (12-19) 13 (8-16) 25 (22-29) 26 (24-34)

Cumulative morphine dose,
mean (SD), mg/kg

NA NA 8.22 (7.47) 7.31 (6.57) 4.33 (2.77) 3.21 (1.50) 11.87 (8.67) 13.14 (6.58)

Administered phenobarbital,
No. (%)

9 (10.3) 11 (11.7) 9 (29.0) 11 (37.9) 0 1 (5.8) 9 (56.2) 10 (83.3)

Administered clonidine, No.
(%)

1 (1.1) 0 1 (3.2) 0 0 0 1 (6.3) 0

Length of stay, median (IQR), d 7 (5-21) 6 (5-13) 26 (19-30) 21 (15-29) 18 (16-24) 17 (13-20) 29 (27-33) 30 (29-37)

Abbreviations: SVS, stochastic vibrotactile stimulation; TAU, treatment as usual.
a Analyzed cohort comprised infants who completed hospitalization; treated

cohort, subset of analyzed cohort who received morphine treatment;

responders, subset of treated cohort who completed morphine treatment in
21 days or less; and nonresponders, subset of treated cohort who completed
morphine treatment in more than 21 days.
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NICU open pod, or when wheeled between locales. A particu-
lar limitation was our reliance on computer log reports by care-
givers (medical, family, and research) at the bedside as to when
the infant was in the crib, which we assumed to be of compa-
rable reporting accuracy between the 2 conditions. There was
concern for potential bias in caregiver assessments based on
assignment given the inherent subjective limitations of the
Finnegan tool,45,59 the primary clinical measure that deter-
mined treatment regimens, and that caregivers could not be
blinded to the SVS mattress given the nuances of the mattress
device setup, including that the vibration from the mattress
could be detected if touched. Anecdotal reports by caregivers
suggest this is unlikely; for example, the bedside computer log
for recording the infant’s location was often misconstrued as
the driver of stimulation, even among infants assigned to TAU.
As well, findings that AMT was dependent on daily hours of

SVS and was not simply a function of condition assignment
suggests that caregiver assessments were not biased by un-
blinded allocation. In addition, we initiated SVS within 48 hours
of birth, which is complementary to the standard of care in-
cluding pharmacologic treatment. We did not test the effec-
tiveness of SVS as an alternative to medication. Future stud-
ies are needed to identify optimal SVS periods and establish
the effectiveness of SVS as a nonpharmacologic intervention
alternative to pharmacotherapy based on conventional thresh-
olds to treat.

Conclusions
In this randomized clinical trial, whole-body SVS with a crib
mattress was associated with a reduced likelihood of mor-

Table 3. Adjusted Pharmacologic Outcomes

Outcome variable and
factor

Model

Condition (0 = TAU) Time SVS on (h/d) Time SVS off (h/d) Time held (h/d)
Time in motorized seat
(h/d)

AMT (n = 181)a

Main effect 0.74 (0.37 to 1.44) 0.88 (0.81 to 0.93)b 0.99 (0.97 to 1.00) 0.90 (0.86 to 0.94)b 0.99 (0.97 to 1.01)

Site (0 = UMass) 0.60 (0.31 to 1.18) 0.25 (0.08 to 0.72)b 0.66 (0.32 to 1.32) 0.71 (0.33 to 1.54) 0.72 (0.36 to 1.43)

Sex (0 = female) 0.78 (0.40 to 1.52) 0.68 (0.29 to 1.59) 0.82 (0.41 to 1.62) 0.82 (0.38 to 1.75) 0.78 (0.39 to 1.54)

Birth weight 1.00 (0.99 to 1.01) 1.00 (0.99 to 1.00) 1.00 (0.99 to 1.00) 1.00 0.99 to 1.00) 1.00 (0.99 to 1.00)

Methadone exposure
(0 = buprenorphine)

2.30 (1.15 to 4.62)b 1.46 (0.59 to 3.60) 1.99 (0.98 to 4.06) 1.86 (0.85 to 4.10) 2.12 (1.05 to 4.32)b

Non-MAT exposure
(0 = buprenorphine)c

2.43 (0.52 to 10.87) 2.24 (0.26 to 15.17) 0.91 (0.12 to 4.76) 1.16 (0.15 to 6.67) 1.13 (0.15 to 5.79)

Breast milk at discharge
(0 = no)

0.52 (0.26 to 1.00) 0.64 (0.27 to 1.50) 0.53 (0.26 to 1.06) 0.64 (0.30 to 1.36) 0.57 (0.28 to 1.12)

CMD (n = 60)d

Main effect −1.08 (−4.77 to 2.61) −0.24 (−0.56 to 0.08) −0.02 (−0.06 to 0.03) −0.19 (−0.37 to 0.00) −0.05 (−0.14 to 0.05)

Site (0 = UMass) −4.33 (−8.03 to −0.64)b −2.60 (−6.54 to 1.34) −3.67 (−7.66 to 0.32) −3.84 (−7.62 to −0.06)b −3.40 (−7.44 to 0.65)

Sex (0 = female) −0.80 (−4.43 to 2.83) −0.48 (−4.29 to 3.33) −1.25 (−5.20 to 2.70) −1.09 (−4.88 to 2.69) −1.42 (−5.32 to 2.48)

Birth weight 0.00 (0.00 to 0.01) 0.00 (0.00 to 0.00) 0.00 (0.00 to 0.00) 0.00 (0.00 to 0.00) 0.00 (0.00 to 0.00)

Methadone exposure
(0 = buprenorphine)

2.82 (−1.08 to 6.73) 4.20 (0.44 to 7.95)b 1.96 (−2.18 to 6.10) 1.67 (−2.33 to 5.67) 2.42 (−1.77 to 6.61)

Non-MAT exposure
(0 = buprenorphine)c

−0.48 (−8.23 to 7.26) −1.85 (−9.76 to 6.05) −4.80 (−14.99 to 5.39) −4.27 (−14.07 to 5.53) −4.68 (−14.81 to 5.44)

Breast milk at discharge
(0 = no)

−2.98 (−6.64 to 0.67) −0.58 (−4.19 to 3.02) −2.24 (−6.14 to 1.67) −2.81 (−6.62 to 1.00) −2.52 (−6.47 to 1.42)

LOT (n = 60)e

Main effect −0.07 (−3.31 to 0.18) −0.03 (−0.06 to 0.01) 0.00 (0.00 to 0.00) −0.01 (−0.03 to 0.00) 0.00 (−0.01 to 0.00)

Site (0 = UMass) −0.36 (−0.62 to −0.11)b −0.31 (−0.69 to 0.07) −0.30 (−0.57 to −0.03)b −0.33 (−0.59 to −0.07)b −0.29 (−0.56 to −0.01)b

Sex (0 = female) 0.00 (−0.26 to 0.25) −0.05 (−0.42 to 0.32) −0.07 (−0.34 to 0.20) −0.04 (−0.30 to 0.21) −0.08 (−0.35 to 0.18)

Birth weight 0.00 (0.00 to 0.00) 0.00 (0.00 to 0.00) 0.00 (0.00 to 0.00) 0.00 (0.00 to 0.00) 0.00 (0.00 to 0.00)

Methadone exposure
(0 = buprenorphine)

0.28 (0.01 to 0.56)b 0.37 (0.01 to 0.74)b 0.24 (−0.05 to 0.52) 0.22 (−0.05 to 0.50) 0.27 (−0.01 to 0.56)

Non-MAT exposure
(0 = buprenorphine)c

−0.11 (−0.66 to 0.43) −0.62 (−1.47 to 0.24) −0.83 (−1.63 to −0.04)b −0.77 (−1.54 to 0.00) −0.82 (−1.61 to −0.03)b

Breast milk at discharge
(0 = N)

−0.17 (−0.43 to 0.08) −0.03 (−0.38 to 0.32) −0.11 (−0.38 to 0.16) −0.15 (−0.41 to 0.11) −0.13 (−0.40 to 0.14)

Abbreviations: AMT, administration of morphine treatment for the analyzed
cohort; CMD, cumulative morphine dose for the treated cohort; LOT, length of
treatment for the treated cohort; MAT, medication-assisted therapy;
SVS, stochastic vibrotactile stimulation; TAU, treatment as usual.
a Odds ratio (95% CI) of AMT for each covariate of the estimated logistic

regression models.
b Significant effects at 95% CI.

c In utero opioid exposure not prescribed for maternal treatment for opioid-use
disorder (eg, prescribed oxycodone, illicit heroin).

d Mean (95% CI) change in CMD for unit increase of each covariate of the
estimated linear regression models.

e Mean percentage (95% CI) change in LOT for unit increase of each covariate of
the estimated negative binomial models.
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phine treatment in a cohort of newborns with POE. More-
over, among infants who were treated with morphine, SVS re-
duced LOT and CMD, particularly among treated infants who
completed the morphine regimen within 3 weeks. The find-
ings support the effectiveness of SVS as a complementary non-

pharmacologic intervention for treating newborns with POE.
Future studies are warranted to determine frequencies, du-
rations, and timing to optimize the effect and ascertain the
effectiveness of SVS as an alternative vs complementary treat-
ment to pharmacotherapy.
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A, Treated cohort. Of all infants who received morphine, there was no
difference in rate of treatment completion between infants who received TAU
and those who received SVS. B, Responders. Of infants who completed
morphine treatment within 21 days, the rate of treatment completion was faster

for infants who received SVS than those who received TAU. Note, 59% of
infants who received SVS compared with 48% of those who received TAU
completed treatment in 21 days or less. Shaded regions show the 95% CIs for
the mean probability at each time point.
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