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Association of Prenatal Fentanyl Exposure With
Neonatal Opioid Withdrawal Syndrome Severity
Baillee Cooper, MD,1 Willa Molho,2 Elisha M. Wachman, MD1

A B S T R A C T OBJECTIVE: Opioid use disorder (OUD) in pregnancy has increased substantially, with illicit
fentanyl now the most common illicit opioid. Limited data exist on the impact of antenatal
fentanyl exposure on neonatal opioid withdrawal syndrome (NOWS). We aimed to evaluate
whether antenatal fentanyl exposure is associated with increased NOWS severity.

PATIENTS AND METHODS: We conducted a retrospective cohort study of mother–infant dyads
with OUD between 2017 and 2024. Fentanyl exposure was determined by urine toxicology during
the pregnancy and on admission. Infants were monitored using the Eat, Sleep, Console tool and a
standardized NOWS protocol. NOWS hospitalization outcomes were compared between the
fentanyl-exposed and nonexposed groups with adjustment for breastfeeding, year of birth, and
relevant co-exposures.

RESULTS: Among 504 dyads, 131 (26.0%) had fentanyl exposure. Maternal demographics were
similar between groups, but fentanyl was associated with higher rates of polysubstance use.
Fentanyl-exposed infants were more likely to receive pharmacologic NOWS treatment (61.1% vs
40.8%, P< .01), scheduled methadone dosing, secondary pharmacologic agents (15.4% vs 7.4%,
P= .03), and feeding tubes (40.0% vs 24.5%, P< .001). Hospital length of stay (22.1 vs 13.3 days,
P< .01) and opioid treatment duration (14.2 vs 9.4 days, P< .01) were longer in the fentanyl-
exposed cohort. In adjusted regression models, fentanyl exposure remained independently
associated with prolonged hospitalization (mean difference 5.1 days [95% CI 1.7–8.5]) and
increased odds of pharmacologic treatment (adjusted odds ratio 2.1 [95% CI 1.2–3.8]).

CONCLUSION: Antenatal fentanyl exposure is strongly associated with intensive pharmacologic
management and extended hospitalization. These findings are suggestive of more severe NOWS.
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BACKGROUND

In parallel with the rise in opioid use as the opioid epidemic pro-
gresses, opioid use in pregnancy has increased significantly in
recent years and is the leading cause of maternal morbidity.1,2

Recently, illicitly manufactured fentanyl has become the most
common recreationally used opioid by far with a 300% increase in
fentanyl use since 2014.3 Currently, fentanyl use occurs in up to
50% of pregnancies where the pregnant person is on medications
for opioid use disorder (MOUD).4 In addition to the negative health
effects that fentanyl use poses for all individuals, nonprescribed
opioid use in pregnancy also has significant potential negative health
effects for the fetus. These potential adverse effects include fetal
growth restriction and risk for fetal distress and preterm delivery.5

With all chronic opioid exposures in pregnancy, prescribed or non-
prescribed, there is a risk for neonatal opioid withdrawal syndrome
(NOWS) after delivery.6 The increase in opioid use in pregnancy has
led to an increase in NOWS diagnoses from 1.5 to 6 cases per 1000
births from 1999 to 2013, and approximately $1.5 billion in associated
annual hospitalization charges.6

After birth, the abrupt cessation of opioid exposure leads to a sud-
den decrease in opioid receptor stimulation, resulting in a hyper
adrenergic state and the characteristic symptoms of NOWS, including
irritability, tremors, high-pitched cry, poor feeding, vomiting, diar-
rhea, and autonomic instability.6 The average length of hospital stay
for an infant with NOWS is anywhere from 10 to 14 days and is longer
for infants who receive pharmacological treatment (approximately
50%), with some infants hospitalized for over a month.6,7 Additionally,
NOWS is associated with an increased risk of feeding difficulties and
neurobehavioral dysregulation.8–11 NOWS is a heterogeneous condi-
tion with variable levels of severity with multiple factors contribut-
ing.6,12 Existing research has shown that higher cumulative opioid
exposure, co-exposure to other substances during pregnancy, and
use of certain psychiatric medications is associated with increased
NOWS severity.6,13 NOWS severity is also influenced by epigenetic and
genetic factors as well as maternal factors such as engagement in
prenatal care.6

Fentanyl—a potent synthetic opioid—readily crosses the pla-
centa and binds to fetal opioid receptors, particularly in the central
nervous system and gastrointestinal tract.13 Fentanyl is 50 to 100
times more potent than morphine, rapidly crosses the blood-brain
barrier, and binds potently to the opioid receptors.14 Fentanyl’s high
potency and rapid placental transfer may contribute to more severe
withdrawal compared with some other opioids. Fentanyl exposure
during pregnancy has also been associated with unique infant phe-
notypes and risk for congenital anomalies that remain poorly under-
stood.15 In addition, there are likely maternal confounding variables
associated with fentanyl use, including use of prenatal care, MOUD
duration, and maternal comorbidities that contribute to risk for
NOWS. Currently, there are limited data about the effects of antenatal
fentanyl exposure on NOWS severity and specifically how this com-
pares with infants exposed to MOUD alone. We hope to fill these gaps
in knowledge through this cohort study by evaluating whether

antenatal fentanyl exposure is associated with increased NOWS
severity in a cohort of opioid-exposed infants.

METHODS

This was a single-center retrospective cohort study between January
2017 and December 2024 comparing outcomes of mother–infant
dyads with OUD who were taking nonprescribed fentanyl with those
without fentanyl exposure. The study took place in an academic
urban safety net hospital with a dedicated prenatal program that
provides comprehensive prenatal care and addiction services for
those with substance use disorders during pregnancy and the post-
partum period. Universal verbal screening for substance use disor-
ders was conducted prenatally and on admission to Labor and
Delivery. Urine toxicology testing of all pregnant persons with sub-
stance use disorders was performed at each prenatal visit and on
admission to Labor and Delivery as part of routine care, which
includes quantitative testing for fentanyl and norfentanyl. Infants
with antenatal exposure to opioids were monitored with a standard-
ized NOWS protocol. This included a rooming-in model of care on the
postpartum unit and/or pediatric inpatient unit with a standardized
nonpharmacologic care bundle, promotion of breastfeeding, assess-
ment with the Eat, Sleep, Console (ESC) Care Tool,16 and treatment
with methadone when pharmacologic treatment was indicated.
Methadone was given on an as-needed approach, with transition to
standing methadone for more severe withdrawal as indicated by
need for as-needed medication every 8 hours over the course of 24
to 48 hours with continued indicators per ESC assessments of wors-
ening withdrawal.16 Infants who required a secondary agent
were initiated on phenobarbital or clonidine per a standardized
protocol.

Data were collected with use of an internal retrospective data-
base. This study was approved by the local institutional review board.
For inclusion in our data analysis, dyads had to have had docu-
mented a pregnant person with OUD during the current pregnancy,
with date of delivery between January 1, 2017, and December 31,
2024, with a live born infant. Additional exclusion criteria included
pregnant individuals treated with naltrexone for MOUD. The data
set was then divided into 2 groups: mother–infant dyads exposed
to fentanyl during pregnancy and dyads not exposed to fentanyl dur-
ing pregnancy. Fentanyl use was determined based on electronic
medical record review of urine toxicology testing results throughout
the pregnancy and on admission to Labor and Delivery. Maternal
demographics and pregnancy characteristics collected from the
electronic medical record include year of birth, maternal age,
self-reported race and ethnicity, type of opioid exposures in preg-
nancy and pregnancy co-exposures. Available co-exposure data
included methadone, buprenorphine, heroin, other prescribed
opioids, naltrexone, cocaine, marijuana, alcohol, selective serotonin
reuptake inhibitors, benzodiazepines, gabapentin, nicotine, amphet-
amines. Infant data abstracted included gestational age at birth,
birth weight, infant sex, breastfeeding, need for nasal gastric (NG)
tube feedings, NICU admission, and details of NOWS treatment,
including pharmacologic agents used, length of therapy, and overall

HOSPITAL PEDIATRICS Volume 16, Issue 5, May 2026 461

Downloaded from http://publications.aap.org/hospitalpediatrics/article-pdf/doi/10.1542/hpeds.2025-008956/1927498/hosppeds.2025008956.pdf
by American Academy of Pediatrics user
on 22 April 2026



length of infant hospitalization. Indication for placement of an NG
tube included not meeting standardized intake volume per kilogram
per day based on hospital guidelines for gestational age and day of
life.

Demographics of the dyads were compared between the fentanyl-
exposed and nonexposed cohorts using t test for continuous varia-
bles and χ2 test of independence for categorical variables. For the
outcome variables, first bivariate analyses were conducted to look
at differences between the fentanyl-exposed and nonexposed
cohorts, A subgroup analysis was conducted within the fentanyl-
exposed cohort to examine timing of fentanyl exposure and associ-
ation with NOWS severity measures. Next, the associated linear and/
or logistic regression models were used to quantify the association
between fentanyl exposure and the odds of each outcomes, adjusting
for potential covariates including breastfeeding, year of birth, meth-
adone for MOUD, and co-exposure to benzodiazepines, gabapentin,
cocaine, amphetamines, and alcohol based on variables that were
statistically different between cohorts and that have a known asso-
ciation with NOWS severity. All statistical analysis was conducted in
SAS version 9.4.

RESULTS

Among the 504 mother–infant dyads with prenatal opioid exposure in
our cohort, 131 (26.0%) had documented fentanyl exposure. Maternal
age, race, and ethnicity did not differ significantly between groups.
However, year of birth varied (P < .01), with fentanyl-exposed births
concentrated in more recent years. Substance use patterns showed
distinct differences: mothers who used fentanyl had higher rates of
methadone (74.8% vs 48.0%, P < .01) and heroin exposure (40.5% vs
11.5%, P < .01) but lower rates of buprenorphine (25.2% vs 44.2%,
P < .01) exposure. Co-exposures including cocaine (69.5% vs
19.6%, P < .01), alcohol (12.2% vs 4.6%, P < .01), benzodiazepines
(35.1% vs 17.7%, P < .01), gabapentin (15.3% vs 7.8%, P = .01), and
amphetamines (16.8% vs 8.0%, P < .01) were also significantly more
prevalent in the fentanyl group (Table 1).

Infant outcomes differed significantly by exposure. Fentanyl-
exposed infants were born earlier (37.2 vs 37.8 weeks, P = .01), with
lower mean birth weight (2784 g vs 2967 g, P < .01). Breastfeeding
initiation was markedly lower in the fentanyl cohort (25.2% vs 61.0%,
P < .01). NICU admission occurred more frequently (56.5% vs 30.8%,
P < .01) and infants had longer hospital stays (22.1 vs 13.3 days,
P < .01) in the fentanyl-exposed cohort. Any pharmacologic treat-
ment of NOWS was more common (61.1% vs 40.8%, P < .01), with fen-
tanyl-exposed infants more likely to receive scheduled rather than
as-needed methadone dosing (58.2% vs 28.7%, P < .01) and to
require a secondary pharmacologic agent (15.4% vs 7.4%, P = .03)
for NOWS management (Table 2). Requirement of a feeding tube
was significantly higher in the fentanyl-exposed infants (40.0% vs
24.5%, odds ratio [OR] 2.06 [95% CI 1.35–3.14, P < .001]). In the sub-
group analysis of the fentanyl-exposed cohort, infants with continued
fentanyl exposure in the 30 days before delivery were more likely to
be born at a lower gestational age with lower birth weight and be
admitted to the NICU with a longer length of hospital stay (23.4 vs

18.3 days, P = .04) compared with infants exposed to fentanyl earlier
in the pregnancy. Other NOWS severity measures did not differ based
on timing of fentanyl exposure (Table 3).

TABLE 1. Maternal Demographics and Pregnancy Characteristics

Characteristic
Fentanyl Group

(n= 131)
No Fentanyl

Group (n= 373)
P

value

Birth year, n (%) <0.01

2017 0 (0.0) 98 (26.3)

2018 1 (0.8) 80 (21.4)

2019 18 (13.7) 49 (13.1)

2020 21 (16.0) 37 (9.9)

2021 20 (15.3) 37 (9.9)

2022 17 (13.0) 32 (8.6)

2023 38 (29.0) 25 (6.7)

2024 16 (12.2) 15 (4.0)

Fentanyl exposure 1 month
before delivery, n (%)

98 (74.8) N/A N/A

Maternal age, mean (SD),
years

32.5 (4.8) 32.1 (4.7) 0.39

Maternal race, n (%) 0.09

Black or African American 16 (12.2) 36 (9.7)

White 95 (72.5) 290 (78.0)

Asian 1 (0.8) 1 (0.3)

American Indian or Alaska
Native

0 (0.0) 1 (0.3)

Other 10 (7.6) 9 (2.4)

Unknown 9 (6.9) 35 (9.4)

Maternal ethnicity, n (%) 0.22

Hispanic 14 (10.8) 23 (6.2)

Non-Hispanic 111 (85.4) 332 (89.2)

Unknown 5 (3.8) 17 (4.6)

Other opioid exposures, n (%)

Methadone 98 (74.8) 179 (48.0) <0.01

Buprenorphine 33 (25.2) 165 (44.2) <0.01

Heroin 53 (40.5) 43 (11.5) <0.01

Other prescribed opioids 2 (1.5) 8 (2.1) 0.66

Co-exposures, n (%)

Naltrexone 0 (0.0) 5 (1.3) 0.18

Cocaine 91 (69.5) 73 (19.6) <0.01

Marijuana 20 (15.3) 39 (10.5) 0.14

Alcohol 16 (12.2) 17 (4.6) <0.01

Selective serotonin
reuptake inhibitor

27 (20.6) 62 (16.6) 0.30

Benzodiazepine 46 (35.1) 66 (17.7) <0.01

Gabapentin 20 (15.3) 29 (7.8) 0.01

Nicotine 87 (66.4) 214 (57.4) 0.07

Amphetamines 22 (16.8) 30 (8.0) <0.01

Other 14 (10.7) 46 (12.3) 0.62
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After adjustment for breastfeeding, methadone for MOUD, and
maternal co-exposures to benzodiazepines, gabapentin, cocaine,
amphetamines, and alcohol, fentanyl exposure remained signifi-
cantly associated with prolonged infant length of hospital stay
(adjusted MD 5.1 days [95% CI 1.7–8.5], P = .004) and increased odds
of pharmacologic treatment of NOWS (adjusted OR 2.1 [95% CI 1.2–
3.8], P = .01). The associations with opioid treatment duration and
secondary agent use were attenuated and no longer statistically sig-
nificant (Table 4).

DISCUSSION

In this retrospective cohort analysis, fentanyl exposure was strongly
associated with more severe NOWS, as evidenced by higher rates of
pharmacologic treatment, greater use of scheduled and multiagent
regimens, and prolonged neonatal hospitalizations compared with
infants exposed to MOUD alone. Even after adjusting for maternal
co-exposures, fentanyl remained an independent predictor of
increased NOWS severity, specifically hospital length of stay and need
for pharmacologic treatment. These findings highlight fentanyl as an
emerging key driver of more complex NOWS phenotype requiring
more intensive treatment.

These results are in line with a previously published report by
Rana et al that examined associations between prenatal fentanyl
exposure and NOWS outcomes.4 This previous report used both
self-reports and umbilical cord tissue testing to measure opioid
exposure and pharmacologic treatment rates for NOWS as a mea-
sure of severity. They found that infants exposed to fentanyl had a
3-fold higher incidence of severe NOWS with longer lengths of hos-
pital stay compared with infants not exposed to fentanyl.4 Infants
exposed to higher concentrations of fentanyl, as measured by umbili-
cal cord testing, required higher doses of morphine during their
pharmacologic treatment of NOWS.4 Our study adds to these findings,
demonstrating that infants exposed prenatally to nonprescribed

TABLE 2. Infant Characteristics and NOWS Outcomes

Characteristic

Fentanyl
Group

(n= 131)

No Fentanyl
Group

(n= 373) P value

Gestational age at birth, mean
(SD), weeks

37.2 (2.3) 37.8 (2.2) 0.01

Birth weight, mean (SD), grams 2784.3 (597.5) 2967.4 (564.5) <0.01

Infant sex, n (%) 0.29

Male 60 (45.8) 198 (53.1)

Female 71 (54.2) 174 (46.6)

Unknown 0 (0.0) 1 (0.3)

Breastfeeding initiated, n (%) <0.01

Yes 33 (25.2) 227 (61.0)

No 98 (74.8) 145 (39.0)

NICU admission, n (%) <0.01

Yes 74 (56.5) 115 (30.8)

No 57 (43.5) 258 (69.2)

Infant length of stay, mean (SD),
days

22.1 (17.1) 13.3 (10.7) <0.01

Opioid treatment days, mean
(SD), days

14.2 (14.7) 9.4 (11.2) <0.01

NOWS pharmacologic treatment,
n (%)

<0.01

Yes 80 (61.1) 152 (40.8)

No 50 (38.2) 220 (59.0)

Unknown 1 (0.8) 1 (0.3)

Methadone dosing type for NOW, n (%)

Scheduled 4 (5.1) 3 (2.8) <0.01

As-needed 29 (36.7) 74 (68.5)

As-needed then scheduled 46 (58.2) 31 (28.7)

Secondary agent for NOWS
treatment, n (%)

0.03

Yes 20 (15.4) 24 (7.4)

No 110 (84.6) 300 (92.3)

What secondary NOWS
pharmacologic
treatment was used?, n (%)

0.18

Clonidine 0 (90.0) 3 (12.5)

Phenobarbital 18 (90.0) 15 (62.5)

Abbreviations: NICU, neonatal intensive care unit; NOWS, neonatal opioid
withdrawal syndrome.

TABLE 3. Comparison of NOWS Outcomes Based On Timing of Last
Fentanyl Antenatal Exposure

Characteristic

Fentanyl Exposure
Within the Month
Before Delivery

(n= 98)

Fentanyl Exposure
Over 1 Month
Before Delivery

(n= 33) P value

Gestational age at
birth, mean (SD),
weeks

37.0 (2.5) 38.0 (1.7) 0.03

Birth weight, mean
(SD), grams

2717.3 (614.3) 2983.3 (501.8) 0.03

NICU admission, n (%) 0.007

Yes 62 (63.3) 12 (36.4)

No 36 (36.7) 21 (63.6)

Infant length of stay,
mean (SD), days

23.4 (17.7) 18.3 (14.7) 0.04

Opioid treatment days,
mean (SD), days

14.1 (15.6) 14.3 (11.4) 0.61

NOWS pharmacologic
treatment, n (%)

0.34

Yes 62 (63.3) 18 (54.5)

No 36 (36.7) 15 (45.5)

Secondary agent for
NOWS treatment,
n (%)

0.97

Yes 15 (15.3) 5 (15.2)

No 83 (84.7) 28 (84.8)

Abbreviations: NICU, neonatal intensive care unit; NOWS, neonatal opioid
withdrawal syndrome.
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fentanyl had longer lengths of hospital stay and were 2-fold more
likely to receive pharmacological treatment. Our study has a larger
sample size than the previous report, and includes additional consid-
eration of co-exposures to MOUD, other nonprescribed substances,
and psychiatric medications. Together, these findings provide addi-
tional evidence of adverse effects on NOWS severity with antenatal
fentanyl exposure.

The mechanisms for why antenatal fentanyl exposure is associ-
ated with more severe NOWS and poor feeding are currently
unknown with multiple potential explanations. First, fentanyl is
100 times more potent than morphine and 50 times more potent than
heroin, which could precipitate more severe withdrawal symptoms
with neurotoxic effects that might impact infant feeding ability.17–19

Additionally, regionally in New England, adulterants in the illicit fen-
tanyl are common, such as xylazine, a highly addictive tranquilizer
and an alpha-2 adrenergic agonist with its own neurotoxic
effects.20–22 Based on known effects, it is likely that fentanyl leads
to significant neurologic dysregulation and agitation in infants with
associated poor feeding efficiency. Although we did find an increase
in NG tube use in the fentanyl-exposed cohort, data were not available
on the duration of NG tube usage or overall infant weight trends dur-
ing the hospitalization, which can be explored in future studies.
Despite our investigation helping to illuminate some of the short-
term effects of in-utero fentanyl exposure on infants, the long-term
effects are largely unknown. A 2023 study by Wadman et al reported a
clinically recognizable “fetal fentanyl syndrome,” with microcephaly,
congenital malformations, distinctive facial features, and short stat-
ure resembling the Smith-Lemli-Opitz syndrome, suggesting that fen-
tanyl exposure may be interfering with cholesterol metabolism and
synthesis pathways.15 However, additional research is needed in both
human and animal models to elucidate key mechanisms and biologi-
cal pathways.

Strengths of this study include that it is one of the first studies to
examine the effects of nonprescribed fentanyl exposure on NOWS out-
comes in a large cohort of infants. In addition, we were able to look at
a range of NOWS outcomes with adjustment for relevant co-expo-
sures. However, our study is limited in that it is a retrospective sin-
gle-center design with the possibility of not capturing all antenatal
exposure data. We were limited in that our urine toxicology testing
did not include common adulterants in the illicit drug supply such as

xylazine, which could have impacted NOWS outcomes. In addition,
infants exposed to fentanyl in our study were also co-exposed to
MOUD because we did not have a large enough cohort exposed to
fentanyl alone for comparison. Moreover, there are likely unmeas-
ured confounding factors such as maternal psychosocial character-
istics, prenatal care use, duration of MOUD treatment, maternal
comorbidities, or differences in nonpharmacologic variables that
we could not account for in our analyses because of absence of these
variables in this retrospective data set. Overall length of hospitali-
zation in our study was longer than reported by NOWS Centers
for Excellence,7 but is similar to other large statewide perinatal col-
laborative data,23,24 which could reflect areas for on-going quality
improvement at the center. It is possible there could have been
changes over time in NOWS care practices, which we have attempted
to account for by including year of birth in all regression analyses.
Last, we did not examine for incidence of congenital anomalies in this
data set that have been associated with antenatal fentanyl exposure.

In conclusion, antenatal illicit fentanyl exposure is associated with
more severe NOWS requiring additional pharmacologic treatment.
Whether or not NOWS treatment algorithms should be tailored with
prenatal fentanyl exposure because of the increased risk for severe
withdrawal is currently unknown but could be investigated through
future multicentered prospective studies. Mechanisms for neurobe-
havioral dysregulation, severe withdrawal, and feeding difficulties in
fentanyl-exposed infants are currently unknown and in need of inves-
tigation. Future studies examining the long-term neurodevelopmen-
tal and health outcomes of fentanyl-exposed infants are also
warranted.

Acknowledgments

The authors have no conflicts of interest to disclose. We would like to
acknowledge the Pediatric Research Services & Support team of the
Department of Pediatrics at Boston Medical Center, particularly
Norman Pollock, PhD, for their support of the data analyses for this
study. We would also like to acknowledge the NOWS quality improve-
ment group at Boston Medical Center.

REFERENCES

1. Auty SG, Frakt AB, Shafer PR, et al. Severe maternal morbidity
among pregnant people with opioid use disorder enrolled in

TABLE 4. Regression Results for NOWS Outcomes

Outcome
Fentanyl
(n= 131)

No Fentanyl
(n= 373)

MD (95% CI) or OR
(95% CI) P value

MD (95% CI) or OR
(95% CI) P value

Unadjusted Adjusteda

Infant length of stay, mean (SD), days 22.1 (17.1) 13.3 (10.7) 8.9 (6.3 to 11.4) <0.01 5.1 (1.7 to 8.5) 0.004

Opioid treatment days, mean (SD), days 14.2 (14.7) 9.4 (11.2) 4.8 (1.4 to 8.2) <0.01 2.8 (−1.7, 7.3) 0.23

NOWS pharmacologic treatment, n (%) 80 (61.1) 152 (40.8) 2.3 (1.6 to 3.4) <0.01 2.1 (1.2, 3.8) 0.01

Secondary agent NOWS treatment, n (%) 20 (15.4) 24 (7.4) 2.3 (1.2 to 4.3) 0.01 1.4 (0.5, 3.6) 0.53

Abbreviations: CI, confidence interval; OR, odds ratio; MD, mean difference; NOWS, neonatal opioid withdrawal syndrome.
a Adjusted for breastfeeding, year of birth, methadone, benzodiazepine, gabapentin, cocaine, amphetamine, and alcohol exposure.

464 www.hospitalpediatrics.org

Downloaded from http://publications.aap.org/hospitalpediatrics/article-pdf/doi/10.1542/hpeds.2025-008956/1927498/hosppeds.2025008956.pdf
by American Academy of Pediatrics user
on 22 April 2026

www.hospitalpediatrics.org


Medicaid. JAMA Netw Open. 2025;8(1):e2453303. PubMed doi: 10.
1001/jamanetworkopen.2024.53303

2. Wallace ME, Jahn JL. Pregnancy-associated mortality due to
homicide, suicide, and drug overdose. JAMA Netw Open. 2025;
8(2):e2459342. PubMed doi: 10.1001/jamanetworkopen.2024.
59342

3. Fitzgerald ND, Palamar JJ, Cottler LB. Use of illegally manufac-
tured fentanyl in the United States: current trends. Curr Addict
Rep. 2025;12(1):6. PubMed doi: 10.1007/s40429-025-00625-y

4. Rana D, Gaston KP, DeBaer L, et al. Illicit fentanyl in the prenatal
period: a significant emerging risk for neonatal opioid with-
drawal syndrome. Am J Perinatol. 2025;42(7):891–898. PubMed
doi: 10.1055/a-2437-0828

5. Committee Opinion No. Committee Opinion No. 711: opioid use
and opioid use disorder in pregnancy. Obstet Gynecol. 2017;
130(2):e81–e94. PubMed doi: 10.1097/AOG.0000000000002235

6. Mascarenhas M, Wachman EM, Chandra I, et al. Advances in the
care of infants with prenatal opioid exposure and neonatal
opioid withdrawal syndrome. Pediatrics. 2024;153(2):
e2023062871. PubMed doi: 10.1542/peds.2023-062871

7. Young LW, Ounpraseuth ST, Merhar SL, et al; ACT NOW
Collaborative. Eat, Sleep, Console approach or usual care for neo-
natal opioid withdrawal. N Engl J Med. 2023;388(25):2326–2337.
PubMed doi: 10.1056/NEJMoa2214470

8. Cardin AD. Neonatal abstinence syndrome/neonatal opioid with-
drawal syndrome: an ecological view of non-pharmacologic
interventions for feeding success. Crit Care Nurs Clin North
Am. 2024;36(2):235–249. PubMed doi: 10.1016/j.cnc.2023.11.
010

9. Anbalagan S, Falkowitz DM, Mendez MD. Neonatal Abstinence
Syndrome. In: StatPearls. StatPearls Publishing; 2025. Accessed
September 8, 2025. https://www.ncbi.nlm.nih.gov/books/
NBK551498/

10. Shrestha S, Roberts MH, Maxwell JR, et al. Post-discharge health-
care utilization in infants with neonatal opioid withdrawal syn-
drome. Neurotoxicol Teratol. 2021;86:106975. PubMed doi: 10.
1016/j.ntt.2021.106975

11. Yeoh SL, Eastwood J, Wright IM, et al. Cognitive and motor out-
comes of children with prenatal opioid exposure: a systematic
review and meta-analysis. JAMA Netw Open. 2019;2(7):e197025.
PubMed doi: 10.1001/jamanetworkopen.2019.7025

12. Wachman EM, Schiff DM, Silverstein M. Neonatal abstinence syn-
drome: advances in diagnosis and treatment. JAMA. 2018;
319(13):1362–1374. PubMed doi: 10.1001/jama.2018.2640

13. Cooper J, Jauniaux E, Gulbis B, et al. Placental transfer of fentanyl
in early human pregnancy and its detection in fetal brain. Br J
Anaesth. 1999;82(6):929–931. PubMed doi: 10.1093/bja/82.6.929

14. Moisés ECD, de Barros Duarte L, de Carvalho Cavalli R, et al.
Pharmacokinetics and transplacental distribution of fentanyl in
epidural anesthesia for normal pregnant women. Eur J Clin
Pharmacol. 2005;61(7):517–522. PubMed doi: 10.1007/s00228-
005-0967-9

15. Wadman E, Fernandes E, Muss C, et al. A novel syndrome asso-
ciated with prenatal fentanyl exposure. Genet Med Open. 2023;
1(1):100834. PubMed doi: 10.1016/j.gimo.2023.100834

16. Wachman EM, Minear S, Hirashima M, et al. Standard fixed-sched-
ule methadone taper versus symptom-triggered methadone
approach for treatment of neonatal opioid withdrawal syn-
drome. Hosp Pediatr. 2019;9(8):576–584. PubMed doi: 10.1542/
hpeds.2018-0165

17. Bardol M, Norman E, Lagercrantz H, et al. Fentanyl dosage for
preterm infants suggested by a pharmacokinetic, -dynamic,
and -genetic model. Pediatr Res. 2025;97(1):239–245. PubMed
doi: 10.1038/s41390-024-03404-z

18. Ariano RE, Duke PC, Sitar DS. Population pharmacokinetics of fen-
tanyl in healthy volunteers. J Clin Pharmacol. 2001;41(7):757–
763. PubMed doi: 10.1177/00912700122010663

19. Choi L, Ferrell BA, Vasilevskis EE, et al. Population pharmacoki-
netics of fentanyl in the critically ill. Crit Care Med. 2016;
44(1):64–72. PubMed doi: 10.1097/CCM.0000000000001347

20. Alexander R, Agwuncha C, Wilson C, et al. Withdrawal signs and
symptoms among patients positive for fentanyl with and without
xylazine. J Addict Med. 2025;19(2):202–207. Published online
December 4, 2024 PubMed doi: 10.1097/ADM.0000000000001423

21. Ayub S, Parnia S, Poddar K, et al. Xylazine in the opioid epidemic: a
systematic review of case reports and clinical implications.
Cureus. 2023;15(3):e36864. PubMed doi: 10.7759/cureus.36864

22. D’Orazio J, Nelson L, Perrone J, et al. Xylazine adulteration of the
heroin-fentanyl drug supply: a narrative review. Ann Intern Med.
2023;176(10):1370–1376. PubMed doi: 10.7326/M23-2001

23. Walsh MC, Crowley M, Wexelblatt S, et al; Ohio Perinatal Quality
Collaborative. Ohio perinatal quality collaborative improves care
of neonatal narcotic abstinence syndrome. Pediatrics. 2018;
141(4):e20170900. PubMed doi: 10.1542/peds.2017-0900

24. Singh R, Melvin P, Wachman EM, et al; PNQIN Collaborative of
Massachusetts. Short term outcomes of neonatal opioid with-
drawal syndrome: a comparison of two approaches. J Perinatol.
2024;44(8):1137–1145. PubMed doi: 10.1038/s41372-024-01953-z

HOSPITAL PEDIATRICS Volume 16, Issue 5, May 2026 465

Downloaded from http://publications.aap.org/hospitalpediatrics/article-pdf/doi/10.1542/hpeds.2025-008956/1927498/hosppeds.2025008956.pdf
by American Academy of Pediatrics user
on 22 April 2026

https://pubmed.ncbi.nlm.nih.gov/39777443
https://doi.org/10.1001/jamanetworkopen.2024.53303
https://doi.org/10.1001/jamanetworkopen.2024.53303
https://pubmed.ncbi.nlm.nih.gov/39932710
https://doi.org/10.1001/jamanetworkopen.2024.59342
https://doi.org/10.1001/jamanetworkopen.2024.59342
https://pubmed.ncbi.nlm.nih.gov/40814305
https://doi.org/10.1007/s40429-025-00625-y
https://pubmed.ncbi.nlm.nih.gov/39471848
https://doi.org/10.1055/a-2437-0828
https://pubmed.ncbi.nlm.nih.gov/28742676
https://doi.org/10.1097/AOG.0000000000002235
https://pubmed.ncbi.nlm.nih.gov/38178779
https://doi.org/10.1542/peds.2023-062871
https://pubmed.ncbi.nlm.nih.gov/37125831
https://doi.org/10.1056/NEJMoa2214470
https://pubmed.ncbi.nlm.nih.gov/38705691
https://doi.org/10.1016/j.cnc.2023.11.010
https://doi.org/10.1016/j.cnc.2023.11.010
https://www.ncbi.nlm.nih.gov/books/NBK551498/
https://www.ncbi.nlm.nih.gov/books/NBK551498/
https://pubmed.ncbi.nlm.nih.gov/33766722
https://doi.org/10.1016/j.ntt.2021.106975
https://doi.org/10.1016/j.ntt.2021.106975
https://pubmed.ncbi.nlm.nih.gov/31298718
https://doi.org/10.1001/jamanetworkopen.2019.7025
https://pubmed.ncbi.nlm.nih.gov/29614184
https://doi.org/10.1001/jama.2018.2640
https://pubmed.ncbi.nlm.nih.gov/10562792
https://doi.org/10.1093/bja/82.6.929
https://pubmed.ncbi.nlm.nih.gov/16021436
https://doi.org/10.1007/s00228-005-0967-9
https://doi.org/10.1007/s00228-005-0967-9
https://pubmed.ncbi.nlm.nih.gov/39669238
https://doi.org/10.1016/j.gimo.2023.100834
https://pubmed.ncbi.nlm.nih.gov/31270130
https://doi.org/10.1542/hpeds.2018-0165
https://doi.org/10.1542/hpeds.2018-0165
https://pubmed.ncbi.nlm.nih.gov/39025933
https://doi.org/10.1038/s41390-024-03404-z
https://pubmed.ncbi.nlm.nih.gov/11452708
https://doi.org/10.1177/00912700122010663
https://pubmed.ncbi.nlm.nih.gov/26491862
https://doi.org/10.1097/CCM.0000000000001347
https://pubmed.ncbi.nlm.nih.gov/39629828
https://doi.org/10.1097/ADM.0000000000001423
https://pubmed.ncbi.nlm.nih.gov/37009344
https://doi.org/10.7759/cureus.36864
https://pubmed.ncbi.nlm.nih.gov/37812779
https://doi.org/10.7326/M23-2001
https://pubmed.ncbi.nlm.nih.gov/29514974
https://doi.org/10.1542/peds.2017-0900
https://pubmed.ncbi.nlm.nih.gov/38565652
https://doi.org/10.1038/s41372-024-01953-z

	Association of Prenatal Fentanyl Exposure With Neonatal Opioid Withdrawal Syndrome Severity
	Background
	Methods
	Results
	Discussion
	Acknowledgments

	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'Web Preset MSA update'] for MSA website and GeoscienceWorld)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides true
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 2400
        /PresetName (CenveoFlattener_Preset)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 20.879999
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


