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Abstract

:

This study assessed the economic evidence on the pharmacological and non-pharmacological management of infants with neonatal opioid withdrawal syndrome (NOWS). Six databases were searched up to October 2020 for peer-reviewed studies. After titles and abstracts were screened, 79 studies remained for full-text review, and finally, 8 studies were eligible for inclusion in the review. The methodological quality of included studies was assessed using the Drummond checklist. The review showed significant limitations in these studies, with one study being rated as good and the remaining seven studies as of poor quality. There are methodological issues that require addressing, including a lack of detail on cost categories, a robust investigation of uncertainty, and extending the time horizon to consider longer-term outcomes beyond the initial birth hospitalization. Despite these limitations, existing evidence suggests non-pharmacological strategies such as rooming-in were associated with a shorter hospital stay and a decreased need for pharmacological treatment, thereby lowering hospitalization costs. The review highlights the paucity of high-quality studies assessing the cost-effectiveness of intervention strategies for NOWS. There is also a lack of evidence on long-term outcomes associated with NOWS and the treatment of NOWS. The inclusion of economic analyses in future studies will provide evidence to inform policymakers on resource allocation decisions for this patient population.
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1. Introduction


Substance use during pregnancy is a significant and growing global public health concern. In the United States (US), illicit drug use (specifically opioid use disorder) among pregnant women has increased almost four-fold between 2004 and 2012, with at least one infant born with signs of withdrawal or neonatal opioid withdrawal syndrome (NOWS), formerly known as neonatal abstinence syndrome (NAS), every 15 min [1,2,3]. Similar trends in the rate of NOWS have also been reported in other countries, including the United Kingdom and Canada [4,5,6].



Neonatal opioid withdrawal syndrome is an opioid withdrawal syndrome experienced by substance-exposed infants shortly after birth. However, other non-opioid substances may reproduce neuro-behavioral dysregulation, consistent with an abstinence/withdrawal syndrome [7,8,9]. As a result, most infants diagnosed with NOWS or showing signs of withdrawal often require pharmacological treatment for withdrawal, resulting in prolonged hospital stays and neonatal intensive care unit admissions.



The economic burden of NOWS, especially to the healthcare system, is considerable. For example, in 2014, the estimated costs of birth admission associated with NOWS were USD 500 million for the US, and USD 21.5 million for Canada (CAD 26.9 million) [10,11,12]. Although the long-term outcomes of children after NOWS have not been well studied, opioid exposure is associated with poor neurodevelopmental outcomes, with potential long-term effects including poor educational achievement and work productivity [13]; a previous study estimated a lifetime cost exceeding USD 100,000 per year per child [14].



With rising healthcare costs and limited resources, significant efforts have been made to identify effective treatment strategies to reduce pharmacotherapy and the length of hospital stay for infants with NOWS. Currently, pharmacological treatment such as buprenorphine is the mainstay of treatment for NOWS. However, recent evidence suggests other newer management approaches, such as quality improvement initiatives that standardize structure and treatment protocols, and non-pharmacological factors (e.g., breastfeeding, parental presence, and rooming-in), reduced the length of hospital stay and decreased the need for pharmacologic treatment, thereby lower hospitalization costs.



As different management of NOWS affects outcomes such as the length of stay, and consequently the hospitalization costs, economic evaluation provides an important evidence base for policymakers when making resource allocation decisions [15].



This review aims to synthesize the literature on the cost-effectiveness of interventions for NOWS and uses the Drummond checklist to assess the methodological quality of the included studies. To our knowledge, there has not previously been a review of the economic evidence of interventions for the treatment of NOWS.




2. Materials and Methods


This review was conducted and reported following the preferred reporting items for systematic reviews and meta-analyses (PRISMA) guidelines [16].



2.1. Search Strategy and Data Sources


The “PICO” statement was used to define the search criteria for the review, and identify the patient population’s specifics, intervention/comparator, and outcomes. The electronic databases, Medline (Ovid), Embase (Ovid), CINAHL (EBSCOhost), EconLit (EBSCOhost), Web of Science and the NHS Economic Evaluation Database (NHS EED), were searched for the literature of full economic evaluations of treatment for NOWS. The MEDLINE, Embase, CINAHL, and Web of Science databases were selected, as they have strong coverage of medicine, biomedicine, pharmacy, health and drug literature. EconLIT and the NHS EED provide coverage of economics literature and economic evaluations of health technologies, respectively. Gray literature was not included, as most economic evaluations are published or cited in scientific or economic journals, which would be identified during the extensive online literature search. The present review was not registered in any database.



We restricted our search to full-text studies published in English between January 2000 and October 2020. The search strategy included terms such as “neonatal abstinence syndrome” or “substance withdrawal syndrome”, and “economic evaluation” or “cost analysis” (see Supplementary Materials File S1 for full search strings). We also carried out a manual search based on references found in the reviewed articles.




2.2. Data Extraction


The data extraction and quality assessment were conducted by two authors (E.L. and S.I.A.) who independently screened titles and abstracts according to PICOS criteria for inclusion and exclusion, as specified in Table 1. Disagreement between reviewers was resolved through discussion, and in case of disagreement, issues were resolved by consensus.



The main characteristics of the studies identified were populated onto a data extraction template that included country, patient population, intervention and comparator, type of interventions, time horizon, and key findings and conclusions. The primary outcome measures were clinical and economic data relating to the cost-effectiveness analysis. Due to the substantial methodological and statistical heterogeneity across the studies, a narrative synthesis of data was conducted without meta-analysis.



To facilitate comparison, identified cost estimates were converted and inflated to 2020 US dollars (USD) by using the consumer price index [17]. The exchange rate on June 30 of the year that the study was conducted was used to convert other currencies to USD [18]. The costs of interventions for the treatment of NOWS were presented according to the types of intervention.




2.3. Study Quality Assessment


The Drummond checklist was used for the critical appraisal of the studies [15]. This 10-item checklist covers the following: (1) study design—whether the objectives of the study were reported and the economic perspective (i.e., who bears the costs) was reported and justified; (2) data collection—whether the resource use and unit cost data collection was reported; and (3) analysis and interpretation of results—how results were analyzed and interpreted. Each item in the checklist is assigned a score of 1 that fulfills the Drummond criteria, and subcategories are given equal weight. For example, items that are classified into two subcategories are given an equal weight of 0.50. Although the checklist is not a scoring instrument, all identified papers were divided into three quality categories according to the proportion of items achieved: good (8–10), average (4–7), and poor (<4), as has been classified in other review studies adopting the same checklist [19].





3. Results


Overall, our search identified 293 potentially relevant studies from the database search, hand-search, and cross-references. After title and abstract screening and the removal of duplicates, the resulting 79 articles were obtained for full-text review. Finally, eight studies were included in the review. The selection process, according to PRISMA, is shown in Supplementary Materials Figure S1.



3.1. Study Characteristics


Table 2 summarizes the characteristics of studies that met the inclusion criteria [20,21,22,23,24,25,26,27]. These studies compared the effectiveness and cost-effectiveness of interventions to prevent the need for newborn withdrawal medication and reduce the severity of withdrawal. No studies examined the effects of medication and models of care on non-opioid exposure, including methamphetamine, cannabis, cocaine and prescription medications. The types of interventions reported in the studies include the rooming-in model of care, inpatient–outpatient management, and assessment methods. The study population sizes ranged from 77 to 287 children diagnosed with NOWS.



All but one study focused primarily on care delivered in a hospital setting, and the clinical outcomes and costs associated with interventions were derived from hospital records. One study used a decision-analytic model populated with secondary data sources to assess the cost-effectiveness of interventions for treating NOWS [23].



All the studies reported an economic evaluation of an intervention for NOWS treatment, comparing them with standard care using a historical control group [20,21,22,24,25,26,27]. One model-based study was identified where the effects were expressed in terms of quality-adjusted life-years (QALY) [23]. The majority of the studies were cost–consequence analyses, where costs and effects were not aggregated into a single measure but were instead expressed in terms of mean cost per patient.



All observational cohort studies were based on inpatient period (median or mean length of stay) [20,21,22,24,25,26,27]. Avram and colleagues [23] adopted a lifetime horizon to estimate the incremental cost per QALY of rooming-in for infants with NOWS. Costs and QALYs were discounted at 3% per year. In the study, the “lifetime horizon” refers to the follow-up period to capture the downstream costs (or cost saving) and benefit. The majority of studies were conducted in the United States (six studies) [20,21,22,23,24,25]; one study originated in Canada [26] and another from Germany [27].




3.2. Type of Interventions


3.2.1. Rooming-In Model of Care


Two studies [23,27] assessed the outcomes of rooming-in as the initial management approach for infants with NOWS. Although they differed in study design and choice of outcome measures, both studies concluded that rooming-in was associated with a lower cost.



Avram and colleagues used a decision-analytic model to assess the lifetime cost-effectiveness of rooming-in compared with no rooming, with reported cost-savings of USD 521 million, and 12,333 additional maternal and neonatal QALYs for the rooming-in model of care. The rooming-in approach was also found to have a 92.4% probability of being cost-effective against a willingness-to-pay threshold of USD 100,000 per QALY [23].



Another study found that rooming-in was associated with lower healthcare costs of USD 6978 per infant, as a result of reduced hospital stays from 41.5 to 33 days, and a decreased need for pharmacological intervention by 17% from a healthcare perspective [27].




3.2.2. Withdrawal Assessments


The proportion of infants medicated for withdrawal may be determined by the type of assessment methods used to determine withdrawal severity. A total of five studies [20,21,22,24,25] compared the outcomes of the most widely used assessment methods, from the Finnegan neonatal abstinence severity score to quality improvement initiatives that standardized treatment protocols, the assessment approach [e.g., eat, sleep and console (ESC), and a greater emphasis on non-pharmacological factors (e.g., family-centered communication) for managing NOWS. All studies consistently found quality improvement initiatives were associated with cost savings as a result of shorter hospitalizations and a decreased need for pharmacological intervention.



For example, Wachman and colleagues assessed the outcomes of a “Plan–Do–Study–Act” quality improvement project that emphasized non-pharmacological approaches, such as parental presence. They found a significantly shorter hospital stay from 17.4 days to 11.6 days, and fewer pharmacological interventions from 87.1% to 40%, thereby reducing average hospitalization charges by USD 11,667 per affected infant [22].




3.2.3. Inpatient versus Outpatient Pharmacologic Weaning Model of Care


Kelly and colleagues compared hospital-based versus outpatient weaning and found that at-home oral morphine weaning may offer several potential advantages, including a slower morphine wean and increased mother-infant bonding time, thereby decreasing hospitalization costs [26].





3.3. Economic Analysis Characteristics


Descriptive characteristics of the economic evaluation of the included studies were reported in Table 2. All studies reported direct medical costs, such as hospitalization costs, but did not provide detailed information on specific cost components (e.g., specialist’s fee, medication, diagnostics) in their economic evaluations. One study took a societal perspective by considering the lifetime cost of care of a neonate with neurodevelopmental impairment due to NOWS [23]. In the remaining seven studies, this perspective was not mentioned, although a healthcare perspective could be inferred.



3.3.1. Adjustments for the Timing of Costs and Benefits


The time horizon for most studies in this review was reported based on an initial hospital stay of less than a year, and therefore discounting was not applied. Avram and colleagues discounted the total lifetime costs of a person with neurodevelopment impairment due to NOWS by applying a 3% discount rate to both the costs and outcomes. It is acknowledged that a lifetime horizon can be difficult to model because of the absence of long-term efficacy data.




3.3.2. Uncertainty of Estimates


Uncertainty was considered in most studies, either through sensitivity analyses in the decision-analytic models and statistical tests (e.g., chi-square) in the retrospective cohort studies. Avram and colleagues assessed uncertainty using one-way sensitivity analysis and probability sensitivity analysis (Monte Carlo simulations) [23].





3.4. Quality Assessment of Economic Methods


The Drummond checklist was applied to the eight studies, with one being rated as good and the remaining studies as being of poor quality. The seven studies assessed as being of poor quality were cost consequence analysis studies, where the units of outcome were expressed but little detail on direct cost categories was provided. In these studies, the incremental costs and outcomes of alternatives were also not reported.
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Table 2. Characteristics of included studies.
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	First Author; Year; Country
	Infants with NAS Sample Size (N)
	Study Design; Types of Intervention; Time Horizon
	Primary Measure of Outcome
	Comparator
	Perspective; Type of Costs
	Key Findings/Conclusion
	Quality Ratings





	Grossman, 2017; United States [20]
	287
	Retrospective chart review;

quality improvement initiatives;

birth to end of initial hospital stay
	Length of stay, need for pharmacologic treatment and hospitalization cost
	Finnegan neonatal abstinence scoring system, direct admission to NICU
	Healthcare; direct medical costs
	Compared to standard care in the pre-intervention period, QI intervention resulted in a shorter duration of hospital stay (22.4 versus 5.9 days) and lower average costs of hospitalization (USD 47,944 versus USD 11,005) for infants with NAS. ICER not reported.
	Poor



	Holmes; 2016; United States [21]
	163
	Retrospective chart review;

quality improvement initiatives;

birth to end of initial hospital stay
	Need for pharmacologic treatment, length of stay and hospitalization cost
	Rooming-in on the mother-infant unit and a minimum of 96 h observation period; pharmacological treatment and admission to NICU
	Healthcare; Direct medical costs
	Compared to standard care during the pre-intervention period, QI intervention resulted in a lower cumulative morphine exposure per infant, shorter duration of stay (16.9 versus 12.3 days) and average cost of hospitalization (USD 21,111 versus USD 9364) for infants with NAS (p-value not reported). ICER not reported.
	Poor



	Wachman; 2018; United States [22]
	186
	Retrospective chart review;

quality improvement initiatives;

birth to end of initial hospital stay
	Length of stay.

 

Secondary outcomes:

need for pharmacologic treatment, breastfeeding initiation, and associated hospitalization charges
	Finnegan assessment tool
	Healthcare; direct hospital charges
	Compared to standard care during the pre-intervention period, QI intervention significantly reduced the proportion of pharmacologically treated infants, duration of stay (17.5 versus 11.6 days) and average hospital charges from USD 33,280 to USD 21,613). No ICER was reported
	Poor



	Avram; 2020; United States [23]
	23,200

hypothetical cohort
	Decision model;

rooming-in;

lifetime projection
	Maternal and child quality-adjusted life-years (QALY)
	Not rooming-in
	Societal;

direct healthcare costs; lifetime cost of the neonate with neurodevelopmental impairment
	Rooming-in and breastfeeding is the dominant strategy (i.e., less costly and with higher QALYs) resulting in a cost-saving of USD 521 million and an additional 12,333 QALYs

Based on a cost-effectiveness threshold of USD 100,000 per QALY, the rooming-in and breastfeeding model was cost-effective.

Sensitivity analysis showed that rooming-in was cost-effective in 94.2% of the simulations at a willingness-to-pay threshold of USD 100,000 per QALY
	Good



	Achilles; 2019; United States [24]
	181
	Prospective, observational study; quality improvement initiatives;

birth to end of initial hospital stay
	Need for medication and amount of dosage

 

Secondary outcomes: length of stay and cost per affected infant
	Finnegan neonatal abstinence scoring system and medication-weaning protocol
	Healthcare; direct medical costs
	Compared to standard care in the pre-intervention period, QI intervention resulted in infants requiring a lower cumulative dose of methadone exposure (p < 0.0001), and had a shorter duration of hospital stay (18.7 days vs. 10.9 days) and a lower average cost of hospitalization (USD 15,827 to USD 12,562). There was no significant difference in the average direct costs between the two groups. No ICER was reported
	Poor



	Devlin; 2017; United States [25]
	190
	Retrospective chart review;

modified protocol with morphine dosing every 3 h and treated with clonidine;

birth to end of initial hospital stay
	Need for pharmacologic treatment, length of stay and associated hospitalization cost
	Protocol that provides morphine every 4 h and utilized phenobarbital as adjuvant therapy
	Healthcare; direct hospital charges
	Modified protocol significantly reduced the need for pharmacologic treatment (35 to 26.5 days) and duration of hospital stay (42 to 33 days) resulting in an average decrease in hospital charges from USD 104,521 to USD 29,264 per infant
	Poor



	Kelly; 2014; Canada [26]
	80
	Retrospective observational study;

weaning at home;

two years
	Primary outcome:

re-admission to hospital for NAS-related concerns

 

Secondary outcome: hospitalization cost
	In-hospital weaning
	Healthcare; direct medical costs
	Compared to hospital weaning, infants weaned at home had a significantly shorter hospital stay (22 versus 16 days) resulting in a cost-savings of USD 11,537 per neonate.

Home weaning also resulted in a longer duration of treatment and the likelihood of requiring adjuvant treatment in the NICU. No difference in readmission rate of up to 2 years after initial hospitalization
	Poor



	Hünseler; 2013; Germany [27]
	77
	Retrospective cohort study,

rooming-in model of care;

birth to end of initial hospital stay
	Need for pharmacological treatment, length of stay and associated hospitalization cost
	Not rooming-in
	Healthcare; direct medical costs
	Compared to no rooming-in, maternal rooming-in reduced duration of therapy (32.5 vs. 27 days), and cost of hospitalization (USD 20,466 versus USD 13,488, p = 0.014). There was no difference in the hospital stay (33.0 vs. 41.5 days). ICER was not reported
	Poor







ICER: incremental cost-effectiveness ratio; QI: quality improvement initiative; QALY: quality-adjusted life-years.













4. Discussion


Our review reveals a lack of studies evaluating the cost-effectiveness of how to assess (e.g., Finnegan scale or ESC model), how to treat (e.g., methadone, morphine, or buprenorphine and respective dose effectiveness) and where to treat (e.g., inpatient, a home-based weaning mother’s room, or NICU) infants with NOWS. This is an important consideration, as the different management of NOWS may have a significant impact on the outcomes, such as on the length of stay, and consequently on the hospitalization costs [28].



The costs of the long-term effect of NOWS and the types of interventions (pharmacotherapy and non-pharmacological) for the treatment of infants with NOWS were also not well studied. Most economic studies focused on short-term outcomes (e.g., the cost of hospital stays) and the burden on healthcare costs. However, infants with a history of NOWS are likely to be at risk of failing to thrive and developmental delay, and require additional long-term support, including healthcare and special education. This is shown in a population-based follow-up study, where children with a previous diagnosis of NOWS had a poorer and deteriorating academic performance as early as eight years old, and required multiple hospitalizations compared to children without NOWS [13]. It is acknowledged that there are challenges in following up children with a previous diagnosis of NOWS, due to confounding environmental and social factors associated with substance-using mothers [29]. However, a longer-term time horizon will allow the economic assessment of resources consumed as a result of the developmental outcomes of children with NOWS and after treatment for NOWS.



In recent years, quality improvement initiatives and non-pharmacological interventions have proliferated as first-line treatment for infants with NOWS in a hospital setting. Although existing evidence suggests non-pharmacological interventions for NOWS resulted in cost savings, due to shorter hospitalizations and a decreased need for pharmacological intervention, the relative contribution of an individual strategy within nonpharmacological intervention (e.g., rooming-in, parental presence) and environmental modifications (e.g., standardized structure and processes) were often not assessed as a stand-alone strategy.



This is important, as assessing each intervention individually helps identify positive outcomes and provides economic evidence that infants with NOWS can be potentially managed outside of the NICU setting at a lower cost [30,31]. For example, studies have consistently found that outpatient/home weaning was associated with shorter hospital stays and a higher breastfeeding rate. However, it is not clear if this is the effect of bonding between mother and infant, or community help in the care of infants receiving outpatient weaning that have contributed to the improved breastfeeding outcomes [32].



The methodological quality of economic evaluation in this review was mixed with most of the studies, using retrospective inpatient/clinical data that were not collected specifically for economic evaluation. Ideally, economic evaluations should report the QALY to improve comparisons between studies and to allow decision-makers to compare across diseases [15,33]. Furthermore, no studies have assessed the economic evidence regarding pharmacologic interventions for NOWS.



Our review highlighted the paucity of evidence on the cost-effectiveness of interventions for NOWS. In this review, we devised a broad search strategy to capture a range of outcomes from a list of electronic databases. The use of PRISMA guidelines also added transparency and completeness to the research. As the findings were categorized into types of interventions, it allows readers to assess the cost and effects of an intervention at a given willingness-to-pay threshold.




5. Conclusions


This study makes an important contribution in guiding future research on developing a robust study design to capture the full health effects and costs associated with NOWS. This evidence is important to inform policymakers on resource allocation decisions for this patient population.








Supplementary Materials


The following are available online at https://www.mdpi.com/article/10.3390/children8070534/s1, File S1: Literature review search terms; Figure S1: PRISMA flow diagram of search results.





Author Contributions


Conceptualization, E.L., D.S. and J.L.O.; methodology, E.L. and D.S.; formal analysis, E.L. and S.I.A.; Writing—original draft preparation, E.L.; writing—review and editing, E.L., D.S., S.I.A. and J.L.O.; supervision, D.S.; funding acquisition, J.L.O. All authors have read and agreed to the published version of the manuscript.




Funding


The New South Wales Ministry of Health provided funding for this review.




Institutional Review Board Statement


Not Applicable.




Conflicts of Interest


The authors declare no competing conflict of interest.




References


	



Patrick, S.W.; Davis, M.M.; Lehmann, C.; Cooper, W.O. Increasing incidence and geographic distribution of neonatal abstinence syndrome: United States 2009 to 2012. J. Perinatol. 2015, 35, 650–655. [Google Scholar] [CrossRef] [PubMed]

	



Sutter, M.B.; Leeman, L.; Hsi, A. Neonatal Opioid Withdrawal Syndrome. Obstet. Gynecol. Clin. N. Am. 2014, 41, 317–334. [Google Scholar] [CrossRef] [PubMed]

	



McPhail, B.T.; Emoto, C.; Butler, D.; Fukuda, T.; Akinbi, H.; Vinks, A.A. Opioid Treatment for Neonatal Opioid Withdrawal Syndrome (NOWS): Current Challenges and Future Approaches. J. Clin. Pharmacol. 2020. [Google Scholar] [CrossRef]

	



Allegaert, K.; Anker, J.N.V.D. Neonatal withdrawal syndrome: Reaching epidemic proportions across the globe. Arch. Dis. Child. 2016, 101, 2–3. [Google Scholar] [CrossRef] [PubMed]

	



Filteau, J.; Coo, H.; Dow, K. Trends in incidence of neonatal abstinence syndrome in Canada and associated healthcare re-source utilization. Drug Alcohol. Depend. 2018, 185, 313–321. [Google Scholar] [CrossRef]

	



Winkelman, T.N.; Villapiano, N.; Kozhimannil, K.B.; Davis, M.M.; Patrick, S.W. Incidence and costs of neonatal abstinence syn-drome among infants with Medicaid: 2004–2014. Pediatrics 2018, 141, e20173520. [Google Scholar] [CrossRef]

	



Kurup, U.; Merchant, N. Neonatal abstinence syndrome: Management and current concepts. Paediatr. Child Health 2021, 31, 24–31. [Google Scholar] [CrossRef]

	



Harper, R.G.; Solish, G.I.; Purow, H.M.; Sang, E.; Panepinto, W.C. The effect of a methadone treatment program upon pregnant heroin addicts and their newborn infants. Pediatrics 1974, 54, 300–305. [Google Scholar]

	



Hudak, M.L.; Tan, R.C.; The Committee on Drugs; The Committee on Fetus and Newborn; Frattarelli, D.A.C.; Galinkin, J.L.; Green, T.P.; Neville, K.A.; Paul, I.M.; Anker, J.N.V.D.; et al. Neonatal Drug Withdrawal. Pediatrics 2012, 129, e540–e560. [Google Scholar] [CrossRef]

	



Napolitano, A.; Theophilopoulos, D.; Seng, S.K.; Calhoun, D.A. Pharmacologic Management of Neonatal Abstinence Syndrome in a Community Hospital. Clin. Obstet. Gynecol. 2013, 56, 193–201. [Google Scholar] [CrossRef]

	



Pritham, U.A.; Paul, J.A.; Hayes, M.J. Opioid Dependency in Pregnancy and Length of Stay for Neonatal Abstinence Syndrome. J. Obstet. Gynecol. Neonatal Nurs. 2012, 41, 180–190. [Google Scholar] [CrossRef]

	



Lainwala, S.; Brown, E.R.; Weinschenk, N.P.; Blackwell, M.T.; Hagadorn, J.I. A retrospective study of length of hospital stay in in-fants treated for neonatal abstinence syndrome with methadone versus oral morphine preparations. Adv. Neonatal Care 2005, 5, 265–272. [Google Scholar] [CrossRef]

	



Oei, J.L.; Melhuish, E.; Uebel, H.; Azzam, N.; Breen, C.; Burns, L.; Hilder, L.; Bajuk, B.; Abdel-Latif, M.E.; Ward, M.; et al. Neonatal Abstinence Syndrome and High School Performance. Pediatrics 2017, 139, e20162651. [Google Scholar] [CrossRef] [PubMed]

	



O’Brien & Phillips. Substance Exposed Newborns: Addressing Social Costs across the Lifespan. Issue Brief (Mass Health Policy Forum) 40. Available online: https://masshealthpolicyforum.brandeis.edu/forums/Documents/FINAL-SENI-ssueBrief_For-Print.pdf (accessed on 21 December 2020).

	



Drummond, M.F.; Sculpher, M.J.; Claxton, K.; Stoddart, G.L.; Torrance, G.W. Methods for the Economic Evaluation of Health Care Programmes, 4th ed.; Oxford University Press: Oxford, UK, 2015. [Google Scholar]

	



Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G.; The PRISMA Group. Preferred reporting items for systematic reviews and meta-analyses: The PRISMA statement. PLoS Med. 2009, 6, e1000097. [Google Scholar] [CrossRef] [PubMed]

	



US Department of Labor. Consumer Price Index. 2020. Available online: https://www.bls.gov/data/inflation_calculator.htm (accessed on 28 February 2021).

	



Oanda. Oanda Currency Converter. 2020. Available online: https://www1.oanda.com/currency/converter/ (accessed on 28 February 2021).

	



Doran, C.M.; Kinchin, I. A review of the economic impact of mental illness. Aust. Health Rev. 2019, 43, 43–48. [Google Scholar] [CrossRef]

	



Grossman, M.R.; Berkwitt, A.K.; Osborn, R.R.; Xu, Y.; Esserman, D.A.; Shapiro, E.D.; Bizzarro, M.J. An Initiative to Improve the Quality of Care of Infants with Neonatal Abstinence Syndrome. Pediatrics 2017, 139, e20163360. [Google Scholar] [CrossRef] [PubMed]

	



Holmes, A.V.; Atwood, E.C.; Whalen, B.; Beliveau, J.; Jarvis, J.D.; Matulis, J.C.; Ralston, S.L. Rooming-in to treat neonatal abstinence syndrome: Im-proved family-centered care at lower cost. Pediatrics 2016, 137, e20152929. [Google Scholar] [CrossRef] [PubMed]

	



Wachman, E.M.; Grossman, M.; Schiff, D.M.; Philipp, B.L.; Minear, S.; Hutton, E.; Saia, K.; Nikita, F.; Khattab, A.; Nolin, A.; et al. Quality improvement initiative to improve inpatient outcomes for Neonatal Abstinence Syndrome. J. Perinatol. 2018, 38, 1114–1122. [Google Scholar] [CrossRef]

	



Avram, C.M.; Yieh, L.; Dukhovny, D.; Caughey, A.B. A Cost-Effectiveness Analysis of Rooming-in and Breastfeeding in Neonatal Opioid Withdrawal. Am. J. Perinatol. 2020, 37. [Google Scholar] [CrossRef]

	



Achilles, J.S.; Castaneda-Lovato, J. A Quality Improvement Initiative to Improve the Care of Infants Born Exposed to Opioids by Implementing the Eat, Sleep, Console Assessment Tool. Hosp. Pediatr. 2019, 9, 624–631. [Google Scholar] [CrossRef]

	



Devlin, L.A.; Lau, T.; Radmacher, P.G. Decreasing Total Medication Exposure and Length of Stay While Completing Withdrawal for Neonatal Abstinence Syndrome during the Neonatal Hospital Stay. Front. Pediatr. 2017, 5, 216. [Google Scholar] [CrossRef]

	



Kelly, L.E.; Knoppert, D.; Roukema, H.; Rieder, M.J.; Koren, G. Oral Morphine Weaning for Neonatal Abstinence Syndrome at Home Compared with In-Hospital: An Observational Cohort Study. Pediatr. Drugs 2015, 17, 151–157. [Google Scholar] [CrossRef]

	



Hünseler, C.; Brückle, M.; Roth, B.; Kribs, A. Neonatal Opiate Withdrawal and Rooming-In: A Retrospective Analysis of a Single Center Experience. Klinische Pädiatrie 2013, 225, 247–251. [Google Scholar] [CrossRef]

	



Seashore, C.; Holmes, A.V.; Grossman, M. Neonatal Abstinence Syndrome Management: A Review of Recent Evidence. Rev. Recent Clin. Trials 2017, 12, 226–232. [Google Scholar] [CrossRef]

	



McQueen, K.; Murphy-Oikonen, J. Neonatal Abstinence Syndrome. N. Engl. J. Med. 2016, 375, 2468–2479. [Google Scholar] [CrossRef] [PubMed]

	



Cook, J.L.; Green, C.R.; de la Ronde, S.; Dell, C.A.; Graves, L.; Morgan, L.; Ordean, A.; Ruiter, P.J.; Steeves, M.; Wong, S. Screening and Management of Substance Use in Pregnancy: A Review. J. Obstet. Gynaecol. Can. 2017, 39, 897–905. [Google Scholar] [CrossRef] [PubMed]

	



Murphy-Oikonen, J.; McQueen, K. Outpatient pharmacologic weaning for neonatal abstinence syndrome: A systematic review. Prim. Health Care Res. Dev. 2019, 20. [Google Scholar] [CrossRef]

	



Smirk, C.L.; Bowman, E.; Doyle, L.W.; Kamlin, O. Home-based detoxification for neonatal abstinence syndrome reduces length of hospital admission without prolonging treatment. Acta Paediatr. 2014, 103, 601–604. [Google Scholar] [CrossRef] [PubMed]

	



Sanders, G.D.; Neumann, P.J.; Basu, A.; Brock, D.W.; Feeny, D.; Krahn, M.; Kuntz, K.M.; Meltzer, D.O.; Owens, D.K.; Prosser, L.A.; et al. Recommendations for conduct, methodological practices, and reporting of cost-effectiveness analyses: Second panel on cost-effectiveness in health and medicine. JAMA 2016, 316, 1093–1103. [Google Scholar] [CrossRef] [PubMed]








[image: Table] 





Table 1. PICO criteria for inclusion and exclusion of studies.
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	Parameters
	Inclusion Criteria
	Exclusion Criteria





	Population
	Infants diagnosed with NOWS
	Infants with symptoms not related to NOWS



	Intervention
	Novel assessment methods; nonpharmacologic treatment focused.
	



	Comparator
	Usual/standard care (e.g., existing tools such as the Finnegan scale)
	



	Outcomes
	Clinical and economic outcomes (e.g., length of stay; quality-adjusted life years)
	No or partial evaluation (i.e., either costs or clinical outcomes of interventions were reported)







PICO: patient, intervention, comparison outcome; NOWS: neonatal opioid withdrawal syndrome.
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