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IMPORTANCE Rising incidence of neonatal abstinence syndrome (NAS) is straining perinatal
care systems. Newborns with NAS traditionally receive care in neonatal intensive care units
(NICUs), but rooming-in with mother and family has been proposed to reduce the use of
pharmacotherapy, length of stay (LOS), and cost.

OBJECTIVE To systematically review and meta-analyze if rooming-in is associated with
improved outcomes for newborns with NAS.

DATA SOURCES MEDLINE, CINAHL, The Cochrane Library, and clinicaltrials.gov were searched
from inception through June 25, 2017.

STUDY SELECTION This investigation included randomized clinical trials, cohort studies,
quasi-experimental studies, and before-and-after quality improvement investigations
comparing rooming-in vs standard NICU care for newborns with NAS.

DATA EXTRACTION AND SYNTHESIS Two independent investigators reviewed studies for
inclusion. A random-effects model was used to pool dichotomous outcomes using risk ratio
(RR) and 95% CI. The study evaluated continuous outcomes using weighted mean difference
(WMD) and 95% CI.

MAIN OUTCOMES AND MEASURES The primary outcome was newborn treatment with
pharmacotherapy. Secondary outcomes included LOS, inpatient cost, and harms from
treatment, including in-hospital adverse events and readmission rates.

RESULTS Of 413 publications, 6 studies (n = 549 [number of patients]) met inclusion criteria.
In meta-analysis of 6 studies, there was consistent evidence that rooming-in is preferable to
NICU care for reducing both the use of pharmacotherapy (RR, 0.37; 95% CI, 0.19-0.71;
I2 = 85%) and LOS (WMD, −10.41 days; 95% CI, −16.84 to −3.98 days; I2 = 91%). Sensitivity
analysis resolved the heterogeneity for the use of pharmacotherapy, significantly favoring
rooming-in (RR, 0.32; 95% CI, 0.18-0.57; I2 = 13%). Three studies reported that inpatient
costs were lower with rooming-in; however, significant heterogeneity precluded quantitative
analysis. Qualitative analysis favored rooming-in over NICU care for increasing breastfeeding
rates and discharge home in familial custody, but few studies reported on these outcomes.
Rooming-in was not associated with higher rates of readmission or in-hospital adverse
events.

CONCLUSIONS AND RELEVANCE Opioid-exposed newborns rooming-in with mother or other
family members appear to be significantly less likely to be treated with pharmacotherapy and
have substantial reductions in LOS compared with those cared for in NICUs. Rooming-in
should be recommended as a preferred inpatient care model for NAS.
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N eonatal abstinence syndrome (NAS) is a collection of
signs and symptoms of newborn opioid withdrawal af-
ter intrauterine exposure.1 Other descriptions of the

syndrome include neonatal opioid withdrawal syndrome and
neonatal withdrawal syndrome.2 Neonatal abstinence syn-
drome manifests 24 to 96 hours after delivery with increased
muscle tone, tremors, sweating, vomiting, diarrhea, and other
symptoms. Between 1999 and 2013, the incidence of NAS in
the United States increased from 1.5 to 6.0 cases per 1000
births,3 with a mean cost in 2012 of $93 400 per newborn stay.4

While standardized approaches to pharmacologic treat-
ment of NAS improve outcomes, the role of nonpharmaco-
logic or “environmental” interventions in managing NAS is less
clear.5 Opioid-exposed newborns are typically cared for in neo-
natal intensive care units (NICUs), and standardized scoring
systems, such as the modified Finnegan system, are used to
quantify NAS symptoms and to adjust medications used in
treatment.6 Paradoxically, studies6,7 have found that opioid-
exposed newborns in NICUs experience more severe with-
drawal, longer length of stay (LOS), and increased pharmaco-
therapy compared with newborns who room in. In rooming-in
care, infant and mother remain together 24 hours a day un-
less separation is indicated for medical reasons or safety
concerns.8 More maternal time at the infant bedside im-
proves NAS outcomes but is harder to accomplish in a typical
NICU.9 Neonatal intensive care units may be poor settings for
newborns with NAS because of increased sensitivity to high
clinical activity levels.10 In settings where separation from
mothers is inherent in a NICU admission, it can interfere with
bonding and may contribute to maternal perceptions of guilt
and stigma.9-11 While rooming-in may be effective for NAS, po-
tential risks include unintentional suffocation, falling from an
adult bed, or undertreated NAS after hospital discharge.10-12

The benefits and harms of rooming-in for NAS have to date
only been evaluated by single-center studies. We conducted
a systematic review and meta-analysis to evaluate the ben-
efits and harms of rooming-in compared with standard NICU
care for management of NAS.

Methods
Review Protocol
We used Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) guidelines for reporting of methods
and findings (Figure 1).13 We included randomized clinical trials,
cohort studies, quasi-experimental studies, and before-and-
after quality improvement (QI) investigations of rooming-in as
an intervention for opioid-exposed newborns. Prenatal opi-
oid exposure comprised maternal use of heroin, prescription
opioids, and nonprescription opioids, as well as prescribed or
illicit opioid replacement therapy. Polysubstance users were
not excluded. We defined rooming-in as infant and mother re-
maining together 24 hours per day throughout the postpar-
tum hospital stay unless separation was indicated for medi-
cal needs other than NAS symptoms. We included studies
reporting on other cointerventions, such as increased skin-to-
skin contact, swaddling, soothing, and breastfeeding support,

because greater parental involvement in infant soothing is the
primary plausible mechanism for rooming-in efficacy.14,15 We
required reporting on at least the primary outcome of inter-
est. Our systematic review protocol and search methods are
available in the eMethods in the Supplement.

Outcome Measures
The primary outcome was the proportion of infants requiring
pharmacologic treatment. Current treatment guidelines call for
the use of oral morphine sulfate or methadone hydrochloride
to relieve moderate or severe NAS symptoms.5 Therefore, the
proportion of pharmacologically treated newborns was used
as an adequate proxy for those with significant NAS.5 As sec-
ondary outcomes, we assessed the cumulative dose of opioid
medication, duration of opioid treatment course, LOS, total cost
of hospitalization, family satisfaction, breastfeeding inci-
dence, and the proportion of infants discharged home in fa-
milial custody. To evaluate potential harms of rooming-in, we
examined reports of adverse events and readmission rates.16

Search Strategy, Study Selection, and Data Collection
We searched MEDLINE (1946 to June 25, 2017), CINAHL (1981-
2016), and The Cochrane Library using keywords and Medical
Subject Headings to generate sets for the themes of NAS and
rooming-in. We used the Boolean term “AND” to find intersec-
tions. No limits were applied. In addition, we searched clinical-
trials.gov, reviewed references of included studies meeting in-
clusion criteria, and used the expertise of one of us (A.V.H.) in the
field of NAS to identify any unpublished studies not identified
by our principal electronic database search strategy. Complete
search strategies for each database are included in the eMethods
in the Supplement. Two of us (K.D.L.M. and C.P.R.) indepen-
dently screened titles and abstracts. After the initial screening,
these 2 authors independently assessed selected full texts to de-
termine appropriateness for inclusion. They then independently
used a standardized, piloted data collection form to extract data
on key study components, including methods, participant char-
acteristics, outcomes, and assessment techniques. Two indepen-
dent reviewers (2 of us, K.V. and D.B.W.) then applied the Risk of
Bias in Non-randomised Studies of Interventions (ROBINS-I)
tool17 to each study. Studies were defined as having low risk of
bias if the 2 independent reviewers rated the study as such across

Key Points
Question Does rooming-in with family reduce the use of
medications, length of stay, and costs in the inpatient treatment of
neonatal abstinence syndrome?

Findings In this systematic review and meta-analysis of 6 studies
comprising 549 patients, rooming-in was associated with a
reduction in the need for pharmacologic treatment and a shorter
hospital stay when rooming-in was compared with standard
neonatal intensive care unit admission for neonatal abstinence
syndrome.

Meaning Rooming-in should be considered as the preferred
inpatient care model for all opioid-exposed newborns, including
those with neonatal abstinence syndrome.
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all categories. The results of our quality assessment were incor-
porated into the described sensitivity analysis. Discrepancies at
each stage were resolved by consensus.

Statistical Analysis
To summarize the treatment effect, we measured risk ratio (RR)
and 95% CI for dichotomous outcomes and weighted mean dif-
ference (WMD) and 95% CI for continuous outcomes. Some sec-
ondary outcomes were not amenable to quantitative analysis be-
cause either studies measured them in disparate manners that
could not be mathematically resolved or too few studies reported
on the primary outcome of interest. Therefore, we provided a
qualitative summary for this subset of outcomes across studies.

Of the included publications, 3 studies7,18,19 provided insuf-
ficient data to allow for quantitative analysis. We contacted the
respective authors and received responses from 2, allowing us
to analyze the need for pharmacotherapy and LOS from these 2
studies.18,19 The third study7 was included in the systematic re-
view but was excluded from the portion of the analysis associ-
ated with the missing data.

We used a software program (RevMan, version 5.3; The
Cochrane Collaboration20) to conduct the meta-analysis using
a random-effects model by pooling study results for all outcomes
to appropriately address expected heterogeneity. In the case of
multiple comparison groups, only one group was selected for di-
chotomous variables.7 We assessed groupings for the heteroge-
neity using the I2 statistic. This statistic evaluates the consistency
of the results across studies. A notable advantage of the I2 sta-
tistic is that it does not depend on the number of studies included
in the meta-analysis and thus can be used even when the study
sample size is small.21 We used the conventional threshold of I2

exceeding 50% to define meaningful heterogeneity. In instances
of heterogeneity, we first considered the contribution of study
design or methodological flaws. We then performed sensitivity
analyses to reanalyze outcomes, including the greatest possible
number of homogeneous studies (I2<50%). We performed sen-
sitivity analyses based on each element of the ROBINS-I meth-
odological quality assessment tool on the overall summary es-
timates, restricting analysis to only those studies deemed to have
low risk of bias. We evaluated whether this restricted analysis af-
fected the magnitude, direction, and statistical significance of
theoverallsummaryestimate.Wealsoperformedadditionalsen-
sitivityanalysistoaccountforthedifferenttypesofstudydesigns.
First, we limited the summary estimates to the before-and-after
studies.7,18,19,22,23 Second, we removed the study by Hünseler
et al24 owing to high risk of bias in selection of participants (ie,
mothers were encouraged to choose the intervention rather than
systematically applying rooming-in to the entire population of
interest). We then excluded 2 QI studies, by Holmes et al18 and
by Grossman et al,19 because during the implementation phase
of the rooming-in intervention there were concurrent changes
in how NAS scores affected the use of pharmacotherapy.

For the outcomes not amenable to quantitative analysis, we
providedaqualitativeresultsummary,firstassessingwhichgroup
(rooming-in vs comparison group) was favored for each outcome
and then considering potential methodological flaws influenc-
ing these results. We generated a summary assessment based on
the overall trends in the results and categorized outcomes as

favoring rooming-in, the comparison group, or neither group or
as unclear. Statistical significance was determined using P val-
ues calculated by 2-sided t tests.

Results
The initial search identified 482 potentially eligible studies. Af-
ter removing duplicates, we screened 413 studies and excluded
400 based on title and abstract. We performed full-text review
of 13 publications, and 6 studies7,18,19,22-24 (n = 549 [number of
patients]) met our inclusion criteria (Figure 1 and Table). The in-
cluded studies were published between 2007 and 2017 and were
varied in sample size, geographic location, and clinical setting.
In 3 included studies,7,19,22 all infants in the comparison group
were admitted to the NICU for increased observation. In the re-
maining 3 studies,18,23,24 only infants in the comparison group
who needed increased observation or pharmacologic interven-
tion were transferred to NICU-level care. The reasons for
exclusion of 7 studies after full-text review included overlapping
populations across studies, institutional practices that limited
pharmacologic treatment during the initial 36 to 72 hours of life,
or insufficient data on rooming-in.

There was strong and robust consistency in the results across
included studies (eTable 1 in the Supplement). The most com-
mon methodological concern was risk for confounding. In the

Figure 1. PRISMA Study Selection Flow Diagram

482 Records identified through
electronic database searching
216 MEDLINE
224 CINAHL
42 The Cochrane Library

2 Additional records identified
through other sources
0 clinicaltrials.gov
1 Reference review
1 Expert interview input

0 Ongoing studies

400 Records excluded by abstract
and title review

7 Records excluded by
full-text review

0 Studies excluded from
meta-analysis

6 Studies included in qualitative synthesis

413 Unique records from all sources
71 Duplicates removed

6 Studies included in quantitative
synthesis (meta-analysis)

413 Records screened for eligibility

13 Full-text records assessed for eligibility

PRISMA indicates Preferred Reporting Items for Systematic Reviews and
Meta-analyses.
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2 QI studies,18,19 clinical criteria for pharmacologic management
were adjusted during implementation of the rooming-in inter-
vention. Baseline study characteristics for the rooming-in vs con-
trolgroupswerenotdescribedinonestudy.18 Fivestudies7,19,22-24

provided data to support that there were no statistically signifi-
cantdifferencesbetweentherooming-inandcomparisongroups.
Specifically, 4 studies7,22-24 reported on maternal type of specific
drug abuse, with no statistically significant difference in rates of
use between intervention and comparison groups. The use of the
different patient samples as controls in the before-and-after stud-
ies and the historical controls in QI studies also raised concerns
thatthereportedchangeinoutcomesmayhavebeenduetosecu-
lar trends rather than the rooming-in intervention.18,19,22,23 One
study7 also included an external control group. In all included
studies, outcomes were reported based on the initial assignment
to intervention or comparison group, which was determined be-
fore birth.

Need for Pharmacotherapy
All 6 studies found that rooming-in was associated with a lower
proportion of infants requiring pharmacotherapy compared
with standard NICU care (RR, 0.37; 95% CI, 0.19-0.71). How-
ever, there was significant heterogeneity among the included
studies (I2 = 85%). After removing 3 studies for simultane-
ously using multiple interventions18,19 or for allowing mater-
nal group selection,24 the heterogeneity resolved, and room-
ing-in continued to be significantly favored (RR, 0.32; 95% CI,
0.18-0.57) (I2 = 13%) (Figure 2).

In the first sensitivity analysis, we examined the value of
using a historical internal control group (vs an external con-
trol) for the study by Abrahams et al.7 This resulted in an un-
changed RR of 0.37. In our second sensitivity analysis, we lim-
ited the investigation to 4 before-and-after studies.18,19,22,23

This resulted in an RR of 0.28, with significant heterogeneity
(I2 = 62%). In our third sensitivity analysis, we removed the
2 QI studies.18,19 This resulted in an RR of 0.35, with an I2 of
81%. Finally, we removed the QI studies18,19 and the study by
Hünseler et al.24 This resulted in an RR of 0.32, with an I2 of

13%. All sensitivity analyses demonstrated an association be-
tween rooming-in as an intervention and limiting pharmaco-
therapy, with statistically significant RRs between 0.27 and
0.37.

Length of Stay
All 6 studies found that LOS was significantly shorter with
rooming-in vs standard NICU care (WMD, −10.41 days; 95% CI,
−16.84 to −3.98 days). However, there was again significant
heterogeneity among the included studies (I2 = 91%). After re-
moving 3 studies18,19,24 for the same reasons related to study
design noted above (see the Need for Pharmacotherapy sub-
section in this Results section), the heterogeneity resolved, and
rooming-in continued to be favored (WMD, −12.84 days; 95%
CI, −20.02 to −5.67 days) (I2 = 58%) (Figure 3).

In the first sensitivity analysis on LOS, we examined the
value of using the historical internal control group (vs the ex-
ternal control) in the study by Abrahams et al7 and found an
unchanged LOS (WMD, −10.41 days). In the second sensitiv-
ity analysis, we limited our investigation to 4 before-
and-after studies.18,19,22,23 This resulted in a WMD of −10.84
days, with significant heterogeneity (I2 = 95%). In the third sen-
sitivity analysis, we removed the 2 QI studies.18,19 This re-
sulted in a WMD of −10.86, with significant heterogeneity
(I2 = 65%). Finally, we removed the QI studies18,19 and the study
by Hünseler et al.24 This resulted in a WMD of −12.84 days, with
an I2 of 58%. All sensitivity analyses demonstrated a strong as-
sociation between rooming-in as an intervention and short-
ening LOS by approximately 10 to 12 days.

Sensitivity analyses conducted based on each element of
the ROBINS-I methodological quality assessment tool showed
no significant association with the need for pharmaco-
therapy. Similar results were found for length of stay.

Cost
The results of the 3 studies18,19,24 reporting inpatient costs
in US dollars suggested that rooming-in is associated with
lower costs (eTable 2 in the Supplement). However, there

Table. Characteristics of Studies Evaluating the Use of Rooming-in to Reduce the Need for Pharmacotherapy to Treat Neonatal Abstinence Syndrome

Source Study Design Total No. RI, No. CG, No.

Maternal Age,
Mean (SD), y

Gestational Age,
Mean (SD), wk

Birth Weight,
Mean (SD), g

RI CG RI CG RI CG
Abrahams
et al,7 2007

Before-and-after
assessment,
retrospective
cohort

106 32 38,a 36 29.2 29.8, 26.2 NR NR NR NR

Holmes
et al,18 2016

Before-and-after
assessment of QI
intervention

163 48 61, 54a NR NR 39 39 2979 2979

Hünseler
et al,24 2013

Retrospective
cohort

77 24 53 28.8 (5.7) 29.9 (5.8) 38.1 (1.9) 37.9 (2.6) 2720 (570) 2620 (630)

Grossman
et al,19 2017

Before-and-after
assessment of QI
study

99 44 55 29.1 (5.1) 27.5 (5.8) 38.4 (1.4) 38.9 (1.6) 3100 (600) 3100 (600)

McKnight
et al,22 2016

Before-and-after
assessment

44 24 20 30 30 39 40 3261.9
(366.0)

3314.4
(532.3)

Saiki
et al,23 2010

Before-and-after
assessment

60 18 42 29.5 31 39.5 39.1 2910 2860

Abbreviations: CG, comparison group; NR, not recorded; QI, quality improvement; RI, rooming-in.
a Comparison group used in meta-analysis of dichotomous variables.
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was significant heterogeneity across studies (I2 = 97%),
which precluded a formal meta-analysis.

Qualitative Analysis
None of the included studies reported any adverse events
with rooming-in. Three studies7,18,23 reported on readmis-
sion rates, with no increase found (eTable 3 in the Supple-
ment). Four studies7,19,22,23 reported on breastfeeding,
with 2 studies noting an increase in breastfeeding with
rooming-in and 2 studies reporting no difference (eTable 4
in the Supplement). Four studies7,18,23,24 reported on
discharge home with mother or other family member;
only one study7 showed a larger proportion of rooming-in
infants remaining in familial custody. The remaining
3 studies18, 23, 2 4 all reported high rates of discharge
with family, with no statistically significant difference in
rates between study groups (eTable 5 in the Supplement).

Three studies7,23,24 reported on the mean length of opi-
oid medication treatment, all of which identified a decrease
in the number of days receiving pharmacotherapy, propor-
tionate to the decrease in LOS seen above (see the Length
of Stay subsection herein). Only one study18 reported
on changes in the cumulative dose of opioid medication,
and no included studies reported on patient satisfaction.
We were unable to conduct a formal assessment for
publication bias due to inclusion of only 6 studies in the
meta-analysis.25

Discussion

This systematic review and meta-analysis demonstrates that
rooming-in is associated with decreased need for pharmaco-
logic treatment of NAS and shorter LOS. The results of several
included studies18,19,24 suggest that rooming-in is associated
with reduced hospital costs, but the significant heteroge-
neity across studies precluded quantitative analysis. Because
of variable reporting, we were unable to draw formal conclu-
sions about the role of rooming-in on other secondary out-
comes of interest. The findings of 2 studies7,19 suggested that
breastfeeding increases with rooming-in. There was no evi-
dence that rooming-in for NAS was associated with a signifi-
cant increase in hospital readmission. Reporting of adverse
events was insufficient to draw any conclusions about an as-
sociation between rooming-in and these outcomes. Our find-
ings agree with prior review articles14,26,27 of nonpharmaco-
logic management of NAS, which also suggested that
rooming-in is associated with decreased NAS severity and
shorter LOS.

Our systematic review included studies from the United
States, Canada, and Europe and covered a range of clinical set-
tings. Therefore, rooming-in could be effective in diverse
settings that manage neonates at risk for NAS. Our findings are
relevant to current practice because implementing room-
ing-in for opioid-exposed newborns is straightforward and has

Figure 2. Rooming-in vs Usual Care on the Need for Pharmacotherapy

Weight,
%

Favors
Rooming-in

Favors
Comparison
Group

0.01 101.00.1
Risk Ratio (95% CI)

Rooming-in

No. of
Events

Total
No.

Comparison
Group

No. of
Events

Total
No.Source

Risk Ratio
(95% CI)

56.58 32 21 38Abrahams et al,7   2007 0.45 (0.23-0.88)
0.06 44 54 55Grossman et al,19   2017 0.14 (0.07-0.29)
0.013 48 25 54Holmes et al,18   2016 0.58 (0.34-1.01)
0.019 24 47 53Hûnseler et al,24   2013 0.89 (0.71-1.12)

26.43 20 20 24McKnight et al,22   2016 0.18 (0.06-0.52)
17.12 18 19 42Saiki et al,23   2010 0.25 (0.06-0.95)

100.013 70 60 104Total (95% CI) 0.32 (0.18-0.57)
Heterogeneity: τ2 = 0.04; I2 = 13%
Test for overall effect z = 3.86; P <.001

Sensitivity analysisB

Weight,
%

Favors
Rooming-in

Favors
Comparison
Group

0.01 101.00.1
Risk Ratio (95% CI)

Rooming-in

No. of
Events

Total
No.

Comparison
Group

No. of
Events

Total
No.Source

Risk Ratio
(95% CI)

17.88 32 21 38Abrahams et al,7   2007 0.45 (0.23-0.88)
17.06 44 54 55Grossman et al,19   2017 0.14 (0.07-0.29)
18.913 48 25 54Holmes et al,18   2016 0.58 (0.34-1.01)
21.219 24 47 53Hûnseler et al,24   2013 0.89 (0.71-1.12)
13.93 20 20 24McKnight et al,22   2016 0.18 (0.06-0.52)
11.32 18 19 42Saiki et al,23   2010 0.25 (0.06-0.95)

100.051 186 186 266Total (95% CI) 0.37 (0.19-0.71)
Heterogeneity: τ2 = 0.51; I2 = 85%
Test for overall effect z = 2.99; P = .003

Meta-analysisA

A, Meta-analysis, including
6 studies.7,18,19,22-24 B, Sensitivity
analysis, including only the
before-and-after studies that were
not quality improvement
investigations.
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clear benefits. It allows for greater parental involvement by in-
creasing opportunities for families to provide nonpharmaco-
logic treatment and permits more efficient use of institu-
tional resources.

The quality of the included studies was high, and the results
were consistent across them. Because most of the studies used
a historical cohort, it is important to consider the observed
results in light of secular trends. Studies that included a concur-
rent external control group also favored rooming-in and demon-
strated no significant change in the findings. The risk for ascer-
tainment bias in studies was low because the included studies
usedstandardizeddefinitionsforrooming-inandthestudiedout-
comes were objective (ie, the proportion treated with medica-
tions, LOS, and total cost). However, rooming-in is not an isolated
intervention. In the 2 included QI studies,18,19 a number of
cointerventions occurred during the course of the investigations,
including changes to scoring practices that could have explained
some of the observed improvement in outcomes. While the re-
sults of all included studies could be considered confounded by
factors known to lessen NAS symptoms, such as increased skin-
to-skin time, more opportunities for breastfeeding, and greater
parental involvement and improved soothing techniques, we be-
lieve that these covariates are not confounders but rather are me-
diators that contribute to the benefits of rooming-in.

Strengths and Limitations
This study has a number of strengths, including strict adherence
to The Cochrane Library and PRISMA guidelines for systematic
review and meta-analysis conduct and reporting. We used a

comprehensive search strategy that included multiple electronic
databases and additional techniques to identify unpublished
studies. Because rooming-in is a recent intervention for NAS,
there is limited available literature. We believe that our search
strategy comprehensively synthesized the available data.

First among the limitations of this systematic review and
meta-analysis is the likely publication bias favoring rooming-
in because it would be unlikely for researchers to publish their
results with negative or insignificant findings. This is particu-
larly concerning for QI studies because negative QI interven-
tions are rarely published.25,28 We were unable to formally as-
sess publication bias due to analyzing less than 10 studies.25

Second, to comprehensively identify negative or insignificant
outcomes, we incorporated all reported outcome measures from
each study, regardless of whether the measure was the inter-
vention target. The included studies may have lacked sufficient
power to fully evaluate secondary outcomes. Third, there was
variable reporting of the secondary outcomes of this system-
atic review and meta-analysis across the included studies, par-
ticularly regarding adverse events and readmission rates. While
the included studies7,18,23 measuring readmission demonstrated
no increase among roomed-in infants, these events are rare, and
it is possible that investigations lacked sufficient power to de-
tect potential negative consequences of rooming-in. Fourth, we
encountered significant heterogeneity among the included stud-
ies for the primary and secondary outcomes. This was antici-
pated given the varied nature of the study designs and settings
and was particularly exacerbated by inclusion of 2 large QI
studies18,19 that by virtue of their methods incorporated several

Figure 3. Rooming-in vs Usual Care on Length of Stay

Favors
Rooming-in

Favors
Comparison
Group

Weight,
%

Rooming-in

Mean SD Total

Comparison Group

Mean SD TotalSource
Mean Difference (Days),
Random, (95% CI)

16.911.8 9.1 32 24.7 22.2 74Abrahams et al,7   2007 –12.90 (–18.86 to –6.94)
19.05.9 1.9 44 22.4 10.8 55Grossman et al,19   2017 –16.50 (–19.41 to –13.59)
19.36.7 4.2 48 10 7.5 54Holmes et al,18   2016 –3.30 (–5.63 to –0.97)
17.136.6 10.2 24 42.8 15.3 53Hûnseler et al,24   2013 –6.20 (–12.00 to –0.40)
15.35 17.8 20 24 2.2 24McKnight et al,22   2016 –19.00 (–26.85 to –11.15)
12.315.9 21.4 18 19.8 17.9 42Saiki et al,23   2010 –3.90 (–15.17 to 7.37)

100.0186 302Total (95% CI) –10.41 (–16.84 to –3.98)
Heterogeneity: τ2 = 54.31; I2 = 91%
Test for overall effect z = 3.17; P = .002

Rooming-in

Mean SD Total

Comparison Group

Mean SD TotalSource
Mean Difference (Days),
Random, (95% CI)

41.711.8 9.1 32 24.7 22.2 74Abrahams et al,7   2007 –12.90 (–18.86 to –6.94)
0.05.9 1.9 44 22.4 10.8 55Grossman et al,19   2017 –16.50 (–19.41 to –13.59)
0.06.7 4.2 48 10 7.5 54Holmes et al,18   2016 –3.30 (–5.63 to –0.97)
0.036.6 10.2 24 42.8 15.3 53Hûnseler et al,24   2013 –6.20 (–12.00 to –0.40)

34.45 17.8 20 24 2.2 24McKnight et al,22   2016 –19.00 (–26.85 to –11.15)
23.915.9 21.4 18 19.8 17.9 42Saiki et al,23   2010 –3.90 (–15.17 to 7.37)

100.070 140Total (95% CI) –12.84 (–20.02 to –5.67)
Heterogeneity: τ2 = 22.87; I2 = 58%
Test for overall effect z = 3.51; P <.001

Meta-analysisA

Weight,
%

Favors
Rooming-in

Favors
Comparison
Group

Sensitivity analysisB

–50 0 5025
Mean Difference (Days), Random, (95% CI)

–25

–50 0 5025
Mean Difference (Days), Random, (95% CI)

–25

A, Meta-analysis, including 6 studies.7,18,19,22-24 B, Sensitivity analysis, including only the before-and-after studies that were not quality improvement investigations.
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staged interventions. Reassuringly, when we accounted for these
methodological issues in our sensitivity analysis, we were able
to resolve the heterogeneity for our primary outcome, and
rooming-in continued to show a statistically significant benefit
over standard NICU care. The results of this systematic review
and meta-analysis should be interpreted with careful consid-
eration of the validity of the final estimations of intervention
effect size.

As rooming-in interventions are implemented across a
growing number of institutions, it will be important to
monitor for potential adverse events of rooming-in, such as
failure to thrive, accidental suffocation, and readmission
rates. It will also be necessary to determine an association
between rooming-in and breastfeeding and custody
arrangements at discharge. While there is emerging evi-
dence to suggest that rooming-in may also be associated
with lower hospital costs, future studies should evaluate
this in a systematic and standardized manner, allowing for

adequate comparison across studies. Finally, future
research should explore the possible long-term implications
of rooming-in for infant health and development, strength
of the mother-child bond, and potential to mitigate the risk
of maternal relapse into active substance abuse.

Conclusions
There is consistent evidence supporting rooming-in as an ef-
fective strategy for managing NAS by reducing the need for
pharmacotherapy and decreasing LOS. This systematic re-
view and meta-analysis of the current literature demon-
strates compelling data for rooming-in as beneficial for new-
borns with NAS or at risk for NAS. In clinical care settings where
it is safe and feasible, we recommend that rooming-in be con-
sidered as a preferred management strategy for opioid-
exposed newborns and for newborns with NAS.
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