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ABSTRACT
Background: Numerous investigators have highlighted the need to integrate opioid use disorder (OUD) treatment
with maternity care. Since data first became available in 2014, Montgomery County (Ohio) has experienced the highest
rates of OUD and unintended opioid overdose deaths in the state. This paper examines the demographics and costs of
medical treatment for pregnant women with OUD and their newborns with prenatal exposure to opioids (PEO).
Methods: The study involved a retrospective records review of all newborns born between May 1, 2016, and
April 30, 2017, at a large, urban medical center. Newborns with PEO were matched with a control group by mother’s
type of insurance, race/ethnicity, method of birth, and maternal parity.
Results: Establishing which of the pregnant women should be diagnosed with OUD and be included in the study
group was inordinately challenging. Ultimately, of the 3841 infants birthed during the study period, 131 (3.4%) were identified as being born to mothers with OUD. Significantly more mothers with OUD were White and on Medicaid. Only 25
(19.2%) mothers with OUD engaged in treatment for substance use. Compared to the control group, newborns with PEO
were much more likely (71.4% versus 25.4%) to be admitted to the NICU and had much longer lengths of stay in both the
NICU (mean of 14.4 versus 4.1 days) and hospital (16.9 versus 5.8 days), resulting in dramatic increases in health care cost.
Conclusion: These data underscore the need for a comprehensive, systematic approach to OUD and PEO and
affirm the government as a major stakeholder in the care of infants born to these women.
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INTRODUCTION

to integrate opioid use disorder (OUD) treatment with maternity
care.10, 11 Pregnancy complications such as fetal growth restriction,
abruptio placentae, fetal death, and preterm labor are common
with OUD.12 Additionally, untreated OUD has increased high-risk
sexual activity, exposure to sexually transmitted infections, violence, and criminal activity.12 Many of the pregnancies complicated
by OUD are often also found to be complicated by comorbid mental health conditions.12, 13 Finally, the rates of follow up postpartum
visits to assure the care of the couplet is substantially decreased
for persons with substance use disorders. This affects evaluation,
identification, and treatment of postpartum mood disorders and
future rates of unintended pregnancy, specifically.12, 14

Since 2014 (when the Ohio Department of Health first published
these data), Montgomery County (Ohio) has experienced the highest rates of OUD and unintended opioid overdose deaths in the
state.1-6 Nationally, between 1999 and 2014, the prevalence of
maternal OUD more than quadrupled from 1999 (1.5 per 1000
hospital deliveries) to 2014 (6.5 per 1000).7 By 2017, the incidence had climbed to 8.2 per 1000 hospital deliveries, and 7.3 per
1000 newborns were diagnosed with neonatal abstinence syndrome (NAS).8 Furthermore, investigators have found that the
prevalence of OUD in pregnant women is systematically underestimated.9 Numerous investigators have highlighted the critical need
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Accurate diagnosis of OUD in persons receiving prenatal care is
notably difficult. The American College of Obstetrics and Gynecology (ACOG) has provided recommendations for screening for OUD
during prenatal care since 2012.15 However, issues surrounding
OUD continue to abound, as evidenced in the updated ACOG guidelines from 2021, which includes stronger language and specific
screening modalities.12 In Ohio, a volunteer survey of women who
delivered in 2017 showed that of those receiving prenatal care,
82% were screened for substance use.16 However, the variable
rates of appropriately timed prenatal care among persons with
OUD who are pregnant is a noted challenge to improving care for
this population.12 In addition, due to the lack of standardized practices for in-hospital treatment of infants born opioid-exposed, the
cost of care and length of stay varies widely. Specifically, variation
in identification of prenatal exposure to opioids (PEO), as well as
location and level of care for PEO infants, nonpharmacologic treatment, and type of medication utilized (if appropriate), all affect
length of stay and the overall cost of care.17
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period, 66.5% were classified as White, 24.0% were Black, 1.5%
were Asian, and 0.2% were Native American. In comparison, for
the sample of 130 mothers with an OUD, the proportion of White
mothers was disproportionately high (84.4% of those in the study
group), while Blacks (13.4%) and Asians (0.4%) were much lower
than their representation in the general population.
Similarly, the type of insurance coverage differed significantly for
the group of infants with PEO compared to the entire cohort of
3841 neonates. Whereas 93.9% of the mothers with OUD and their
infants received Medicaid/Medicare insurance coverage, only
47.9% of those in the entire cohort had Medicaid/Medicare insurance and 46.9% had private insurance.
Of the 262 births in the study (cases and controls), 32 were from
first pregnancies. Sixteen of these first-time pregnancies were in
the OUD group.
Impact of OUD on Prenatal Care
Similar to data reported by Clemans-Cope and colleagues,10 women with OUD who were pregnant in this study experienced delayed
prenatal care and had significantly fewer postpartum visits than
women in the control group, t (250) = 2.75, p = .006. Only 25
(19.2%) of the 130 women with OUD received MAT with methadone or buprenorphine at any time during the pregnancy. The
percentage of women with OUD who were engaged in MAT was
even lower for those pregnant for the first time: only 1 of 16
(6.2%) received MAT.

This paper examines the demographics and cost of care of PEO in
all neonates born at a large southwest Ohio hospital during a
1-year period, with particular attention to identification procedures and care that was offered/received both to the neonates and
to their birthing parent.
METHODS
This is a case-control study of PEO in neonates. After approval by
the Wright State University institutional review board, retrospective chart review was conducted of all newborns born between
May 1, 2016, and April 30, 2017, as well as the charts of their
birthing parent, at a large hospital in southwest Ohio which is
home to a Level 3 neonatal intensive care unit (NICU). A diverse
research team convened regularly to develop the study. As described below, determining inclusion in the study group proved to
be a time-consuming and challenging task and was ultimately determined by team consensus after review of many data points.

Length of Hospital (and NICU) Stays
Compared to the control group, newborns with PEO had longer
hospital lengths of stay (LOS) after birth and higher NICU admission rates, corroborating additional data from Clemans-Cope et
al.10 Babies born to mothers with OUD spent significantly more
time in the hospital after birth (mean = 16.9 days) than those born
to mothers without OUD (mean = 5.8 days), t (255) = -6.44,
p < 001. Significantly more neonates in the PEO group spent time
in the NICU than the newborns in the control group. Of the 131
infants in the PEO group, 71.4% went to the NICU, compared
to 25.4% of the 131 newborns in the control group X2 (df=1,
n=252) = 57.31, p < .001. Neonates whose birthing parent had
OUD spent more than 3 times longer in the NICU, t (250) = 6.16,
p < .001, a mean of 14.4 compared to 4.1 days controls.

Of the 3841 neonates born during the study period, 131 (3.4%)
were identified with PEO. Each of the 131 newborns identified
with PEO were matched, based on type of insurance, race/
ethnicity, method of birth delivery, and maternal parity, with a
control group of 131 neonates born to women without OUD.
Measures/Outcomes:

Financial Burden of PEO

The primary measures included timing of the first, and the total
number of, prenatal visits, engagement of the mother in medication-assisted treatment (MAT), length of stay of each newborn in
hospital and NICU, and cost of hospitalization.

Demographics

A lack of prenatal care has been associated with significant increases in maternal and newborn morbidity and cost of care,8, 12
which proved to be the case in this study. In aggregate, 90 neonates with PEO were treated in the NICU, leading to aggregate
costs of $1 918 388, while 32 newborns in the control group incurred $623 598 in NICU with charges.

Of this sample of neonates, 131 (3.4%) were born to mothers with
OUD. For the entire cohort of 3841 infants born during the study

To examine cost differences between neonates with PEO and those
without PEO, a more detailed analysis was conducted. Typical

RESULTS
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NICU care for most infants costs between $1000 and $50 000. In
our study there were 5 neonates (3 in the control group and 2 in
the PEO group) whose NICU costs exceeded $50 000 each. It was
discovered that the inordinately high cost for these 5 outliers
were, in each case, due to diagnoses unrelated to PEO. Because this
study is attempting to determine differences in cost caused by
PEO, these 5 outliers were removed from the analysis. After this
was done, a significant difference was observed between the NICU
costs for PEO and control infants, t (115) = -2.65, p = .009. Mean
NICU cost per baby in the PEO group was $19 204 as compared to
$13 323 for controls.

nancy or PEO in neonates continues to be a challenge. In spite of
ongoing/updated recommendations from ACOG and other experts,
there is no national standard for doing so, nor does such a standard exist in Ohio. A statewide and/or national standardized
approach to screening and documentation would significantly
enhance the quality of care given to these dyads. For instance,
well-established OUD screening tests such as 4Ps, NIDA Quick
Screen, and CRAFFT (for women 26 years of age or younger)
integrated into the prenatal visits and ultimately accessible in a
consistent location in the electronic medical record would provide
a much-improved mechanism for early identification of PEO and
standardization of care as recommended by ACOG 2021.12 Such
standardization would also make data gathering and research
more straightforward, which would ultimately lead to further improvements in care for this population.

DISCUSSION
One of the more important findings of this paper was that establishing a diagnosis of maternal OUD and/or PEO in newborns was
an enormous undertaking. Without a uniform standard for screening for or documenting substance use in pregnancy, no single component of the medical chart proved to be a fully reliable source.
For example, while some have called for universal drug testing,18 it
is well known that urine testing is not sufficient in and of itself for
identification of OUD. However, in our study, urine drug testing
was frequently utilized as one of the (and sometimes the only)
tool(s) for identifying PEO. Further, it was used without uniformity. For example, of the 130 women found to have OUD, 33 underwent this testing once, 19 twice, 16 three times, and 25 four or
more times during the prenatal period. Because of these types of
inconsistencies in the medical record, in order to identify infants
with PEO, many different, unique searches of both maternal and
neonatal records had to be utilized. Searches of maternal records
included searching problem lists, admission diagnoses, records of
maternal complications, results of urine screens, social history,
and medication lists. Likewise, newborn charts were scrubbed for
diagnoses, medications, admission to the NICU (and diagnoses at
NICU admission), and neonatal abstinence syndrome scores. Ultimately, a manual read of the maternal admission history and physical proved to be 1 of the most informative sources. The final decision for whether or not a newborn and its parent were in the study
group was made by a consensus of the entire research team after
reviewing all available data points.

Another important finding of this paper is that of the 130 pregnant
women with OUD, 91% were on Medicaid or Medicare. Thus, the
government bears the lion’s share of the cost for caring for women
with OUD and their newborns. Cost-containment strategies (teambased care, standardization of nonmedication treatment, and
standardization of medical treatment protocols) are all part of the
opportunities that have been evaluated in our area and in Ohio
at large. Another major cost-containment strategy that is being
evaluated nationally is site of care for neonates with PEO. The noninferiority evaluation of rooming-in instead of NICU utilization, as
well as offsite neonatal abstinence syndrome treatment facilities
for the woman and infant after discharge, provide substantially
improved cost without concerns for safety.19, 20
Local and regional interventional strategies, particularly those
focused on identification and treatment of prenatal and postpartum OUD, create an opportunity to reevaluate the outcomes
from this study. For example, since the collection of the data in this
study, our local region has further developed 2 focused medical
homes for pregnant patients with substance use disorders and
their families.21, 22 Additionally, the Ohio region has standardized
the recommended medical home model for this population in the
collaborative quality improvement work groups.23 Lastly, the region has initiated and further developed a model of care treating
neonatal abstinence syndrome in an outpatient setting supporting
the postpartum parent and the infant together.24

In spite of these efforts, we may not have captured all neonates
with PEO. As studies have pointed out, traditional screening methods underestimate PEO and allow a significant percentage of persons with OUD who are pregnant or who have just given birth, and
their newborns, to go untreated.9 Given that the incidence of maternal OUD in our study was only 3.3%, which is less than half the
national average, we believe that the incidence of PEO was higher
than what we were able to determine, given the lack of consistency
in identifying these dyads, and the lack of consistent documentation when OUD or PEO was identified.

PUBLIC HEALTH IMPLICATIONS
Whether due to the persistent stigmatization of those with SUD,
the threat of engagement with social service agencies, injury to the
physician-patient relationship, the relative infancy of addiction
medicine, or perhaps the disconnectedness of the physician community from their colleagues and community agencies treating
SUDs, the problem of maternal OUD/neonatal PEO and their consequences beg for a systematic, comprehensive, and multidisciplinary approach to screening, diagnosis, and treatment of pregnant
women with OUD and PEO in their newborns. Consistent, standardized, respectful sharing of this diagnosis, as well as of treat-

Although the data for this study is from the years 2016-2017, it
illustrates an ongoing issue both in Ohio and nationally. As discussed in the introduction to this paper, diagnosing OUD in pregojph.org
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ment interventions, in the medical record would additionally
greatly enhance care for these patients and would, hopefully, improve outcomes for all involved. In addition, this study highlights
the need to reevaluate the diagnostic inclusion and accuracy, teambased care, length of stay and cost of care with this high-risk population as well as the updated modalities since this data collection.
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