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The purpose of this article is to
discuss the use of developmental
care approaches for infants with
neonatal abstinence syndrome
and describe the need for more
research in this area.

Abstract
Tens of thousands of infants are impacted yearly by prenatal opioid exposure. The term neonatal opioid
withdrawal syndrome (NOWS) is now replacing the more familiar term neonatal abstinence syndrome
(NAS). Ongoing debate continues related to standard regimens for treatment of this oftentimes
perplexing condition. Historically, treatment has focused on pharmacologic interventions. However,
there is limited research that points to nonpharmacologic methods of treatment as viable options,
whether alone or in addition to pharmacologic interventions. This article, utilizing a review of pertinent
literature, outlines the physical aspects of NOWS, including its pathophysiology and the resulting
physical clinical signs. In addition, we present an overview of how age-appropriate, nonpharmacologic
interventions, centered on developmental care, may be a valuable approach to organize and prioritize
routine care for these infants, their families, and the health care team facing the challenges of NOWS.
Finally, the need for further research to better define evidence-based standards of care for these infants
and their families is discussed.
Keywords: addiction; fetal; infant neurodevelopment; in utero exposure; NAS; neonatal abstinence
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O

pioid

addiction

is

one

of

the

most alarming epidemics of this
century in the United States. According
to the Centers for Disease Control and
Prevention (CDC), opioid use particularly affects women of reproductive age,1
partially because problems such as chronic
pain are often treated with opioid prescriptions.2 Opioid intake during pregnancy can

be harmful not only to the health of the
mother, but also to the health of the newborn. Neonatal opioid withdrawal is one
of the most common results of intrauterine
opioid exposure, with an incidence of 75–90
percent in exposed infants.3–6
The constellation of clinical signs associated with newborn opioid withdrawal
has been termed “neonatal abstinence
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syndrome” (NAS)3; more recently, the term “neonatal
opioid withdrawal syndrome” (NOWS) is being used.7
Other names used for this condition are neonatal drug withdrawal syndrome,8 neonatal drug withdrawal,3 and neonatal
withdrawal syndrome.9 It should be noted that NOWS can
occur through either maternal opioid use leading to intrauterine exposure or therapeutic administration of opioids for
infant symptom control related to other clinical situations,
such as sedation with intubation.
This article focuses on NOWS that results from abrupt discontinuation of chronic fetal exposure to opioid substances
used or abused by the mother during pregnancy.10,11 The pertinent literature from 2000 through February of 2019 was
identified via PubMed and MEDLINE searches and synthesized into this article. NOWS is a generalized multisystem disorder that predominantly involves the central and autonomic
nervous systems, and the gastrointestinal tract.10,11 Improved
identification of infants at risk for NOWS and standardized
treatment could greatly mitigate its effects and the associated
health care burdens.1,12

A GROWING CRISIS

Over the last 15 years, prescription and illicit opioid use,
abuse, addiction, and overdose have increased dramatically.
This ongoing opioid crisis is affecting countless families and
the health and well-being of both adults and children. Drug
use statistics reported by the Substance Abuse and Mental
Health Services Administration (SAMHSA)’s National Survey
on Drug Use and Health (NSDUH) are striking; in 2016
more than 11 million people misused prescription opioids,
1 million used heroin, 2.1 million had an opioid use disorder
caused by prescription opioids or heroin, and at least 64,000
died of a drug overdose. These are the highest numbers ever
recorded in the United States. Of women aged 15–44 years
who filled prescriptions for opioid medications, 28 percent
were covered under private health insurance and 39 percent
were covered through Medicaid.13 Opioid overdose deaths
among women in this age group increased five-fold between
1999 and 2010.1
Before 1970, NOWS was generally linked to either maternal morphine or heroin use during pregnancy. Today, NOWS
cases are attributed to a broader range of illicit and prescription opioids and may be secondary to the use of morphine,
heroin, methadone, buprenorphine, other prescription opioid
analgesics, antidepressants, anxiolytics, and/or other substan
ces.10,11,14,15 Because opioid cessation and withdrawal during
pregnancy increases risk of complications,15 it is recommended
that pregnant women with opioid addiction be converted to
and treated with long-acting opioids such as methadone or
buprenorphine.16 Currently, methadone, buprenorphine, or
buprenorphine/naloxone are recommended by the American
College of Obstetricians and Gynecologists for treatment
of opioid dependency in pregnant women. These medications are administered in the context of medication-assisted

treatment programs, which also provide comprehensive care
that includes prenatal care, psychosocial support, and cognitive behavioral therapy. Maternal use of these drugs still can
cause clinical signs of withdrawal in the newborn infant,17 but
with considerably lower risk than maternal opioid withdrawal
during pregnancy.

INCIDENCE AND COST

More than 10,000 infants are affected by NOWS annually, with a significant increase in incidence since 2004.18 The
estimated cost of hospitalization increased from $190 million
in 2000, to $720 million in 2009,19 to $1.5 billion in 2013—
with 80 percent paid by Medicaid.6 The escalation in the
NOWS rate prompted the United States Congress to pass
the Protecting Our Infants Act of 2015, which specifically
calls for a critical review of current NOWS treatment options
and development of better therapies and strategies to reduce
the incidence of NOWS.17 Individual states continue to grapple with the etiology of opioid use20 and the burden that the
opioid crisis and NOWS has placed on Medicaid.21 Many
states have adopted mandatory reporting requirements for a
NOWS diagnosis.22

CLINICAL SIGNS OF NEONATAL OPIOID
WITHDRAWAL

Opioid withdrawal is a complex biological phenomenon
and the pathophysiology of NOWS is not completely understood.10,11 Opioid withdrawal is more complex in neonates
as a result of immature neurologic development, impaired
neurologic processing, and complex materno-feto-placental
pharmacokinetics.10,11 The process of opioid withdrawal
in the neonate is characterized by a cluster of clinical signs
that depend on a number of factors including the type(s) of
opioid(s) used, the timing and most recent exposure to the
opioid, total opioid exposure, maternal use of other drugs
and substances, maternal metabolism, amount of drug transferred to the placenta, and the infant’s ability to metabolize
and excrete the substance(s).3,10,11,23 Premature newborns
tend to have less severe clinical signs of withdrawal than fullterm newborns due to decreased overall exposure to opioids,
decreased body fat (some drugs, such as methadone accumulate in fat tissue), decreased transmission across the placenta
(placental transmission of opioids increases with gestational
age), as well as decreased development and sensitivity of opioid receptors.24
At the cellular level, opioid receptors are inhibitory
G-coupled protein receptors, meaning that the presence
of the ligand or opioid either deactivates or inhibits the
activation of adenylate cyclase and downstream proteins.
The lack of opioids after termination of chronic exposure
increases the activity of the opioid receptors and results in
the superactivation of adenylate cyclase and its downstream
proteins. This leads to a potent release of neurotransmitters
that manifest as NOWS clinical signs.10,11
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Because opioid receptors are found primarily in the
central nervous system, peripheral nervous system, and
gastrointestinal tract, clinical signs tend to be associated with dysregulation of the nervous system and gut.
Common clinical signs of withdrawal in affected newborns are shown in Table 1. A 2001 study showed that
the most prominent signs of NOWS were disturbed sleep
(77 percent), excessive sucking (57 percent), tachypnea
(56 percent), loose stools (53 percent), tremors (48 percent), and increased tone (41 percent).25 Another study
reported a high incidence of skin injuries among these
infants, with 44.4 percent having diaper dermatitis, 18.5
percent having self-inflicted scratches, and 13.9 percent
having excoriations.26
Clinical signs of opioid withdrawal generally appear
24–72 hours after birth. For some infants, however, clinical signs are delayed up to seven days or later, which is
generally after hospital discharge. NOWS may include a
short but intense initial phase lasting for one to two weeks
and consisting of tremors, seizures, irritability, feeding
problems, vomiting, diarrhea, hyperthermia, and other
systemic clinical signs.10,11,15 This initial phase may be followed by a long chronic and relapsing course lasting for
weeks or months that includes hyperirritability, sleep disturbances, hyperphagia, and other neurologic and autonomic signs.10,11,15
In general, full-term infants with good birth weight, polydrug exposure, or with slower metabolism are at higher risk
of experiencing severe and extended withdrawal.10,11 Heroin
exposure results in earlier onset (within 24 hours after birth)
and faster resolution of withdrawal when compared to
TABLE 1 ■ C
 ommon Clinical Signs of Withdrawal in Infants with
NOWS
Associated with the central nervous system
High-pitched cry
Decreased sleep
Tremors
Increased muscle tone
Hyperactive Moro reflex
Seizures
Gastrointestinal dysfunction
Difficulties in feeding
Vomiting
Loose/watery stools

long-acting opioid agonists such as methadone or buprenorphine, which result in later onset (24–72 hours after birth
or later) and longer duration of withdrawal.3 In the case of
buprenorphine exposure, higher doses and concurrent use of
barbiturates and benzodiazepines have been correlated with
late onset of clinical signs.27–29
Several NOWS assessment tools are available to quantify the severity of clinical signs of withdrawal and aid in
therapeutic decision making. The most commonly used
tool in the United States is the modified Finnegan’s
Neonatal Abstinence Scoring System (FNASS),3 based on
the original published in 197530 and modified to reduce
tool complexity and increase compliance and reliability.31
Infants are assessed for 21 clinical signs spanning three
major categories. Scoring of infants after feedings and at
three- to four-hour intervals when the infant is awake is
recommended to accurately represent infant status at the
time of assessment and during the preceding period. This
scale is recommended for full-term infants, not premature
infants, and can be used to assess withdrawal from a number of other substances in addition to opioids.10,11 Other
NOWS assessment tools include the Narcotic Withdrawal
Score or Lipsitz Score,32 which was designed to establish
a clinical threshold for treatment of only opioid-exposed
infants. The Neonatal Narcotic Withdrawal Score, along
with the Neonatal Withdrawal Inventory, were developed in
the 1980s and 1990s and are noted to have low inter-rater
variability and high specificity for diagnosis of NOWS.33,34
Recently, novel assessment tools and approaches have been
published.35,36
Additional clinical signs have been identified with co-
exposure to opioids and gabapentin,37 which is widely used as
a nonopioid treatment for neuropathic pain but has become a
popular substance of abuse.38 As rates of poly-abuse and numbers of novel substances of abuse—like kratom and flakka—
continue to grow, differential effects of in utero exposure to
specific combinations of neuroactive substances may expand
the list of neurologic, metabolic, and gastrointestinal symptomology associated with NOWS.

STANDARDS AND GUIDELINES OF CARE

Associated with the autonomic nervous system
Sweating
Hyperthermia
Frequent yawning and sneezing
Increased respiratory rate
Nasal congestion
Abbreviation: NOWS = neonatal opioid withdrawal syndrome.
Adapted from: Ko JY, Wolicki S, Barfield WD, et al. CDC grand rounds:
public health strategies to prevent neonatal abstinence syndrome.
MMWR Morb Mortal Wkly Rep. 2017;66(9):242‑245. doi:10.15585/
mmwr.mm6609a2.

Care for these infants—including assessment and
management—varies widely in the United States, and existing guidelines are based on minimal supporting data.39,40
Obstetric care best practices also vary.41 No large, high-quality,
randomized, controlled trials have evaluated nonpharmacologic treatment of NOWS.23 No medications are currently
approved by the Food and Drug Administration (FDA) for
treatment of NOWS, and data supporting any one particular treatment is lacking.39 As a result, management of infants
with NOWS—including both pharmacologic and nonpharmacologic interventions—varies across hospitals and health
care providers.39
The American Academy of Pediatrics (AAP) has recommended that each nursery adopt a protocol for evaluation and
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management of neonatal opioid withdrawal and train staff in
the correct use of an abstinence assessment tool.3 The AAP
has also suggested nonpharmacologic care as the preferred
treatment option, with subsequent administration of pharmacologic treatment only if improvement is not observed or
if the infant develops severe withdrawal.10,11
In lieu of definitive research findings, evidence-based standards, or guidelines for care of infants with NOWS,40,42 this
review of current literature focused on recommended nonpharmacologic interventions43 that are “easily acceptable,
less expensive, and less controversial.”10(p.e553) In addition,
there is growing support for the positive impact this type
of care offers to infants with NOWS.44,45 Reports of longterm adverse behavioral control outcomes for some children
exposed to opioids prenatally46 suggest detrimental effects
on frontal regions of the brain and impacts on executive
function. The extent to which these effects reflect early neurodevelopmental impacts of in utero opioid exposure or is
reflective of the post-hospitalization environment is unclear.
According to Kocherlakota, excellent, continuous, supportive care can help avoid pharmacologic intervention and may
lead to earlier hospital discharge.10,11

DEVELOPMENTAL/NEUROPROTECTIVE
CARE AND NOWS

Terms such as neuroprotective, developmental,47–49 traumainformed, and age-appropriate care are used to describe a
developmental concept that recognizes the physiologic, neurobiological, and psycho-emotional aspects of the infant’s
experience. The framework counters the effect of trauma and
distress and supports normal infant growth and development
through evidence-based, age-appropriate care—including
family integrated care.50 Because the clinical signs of NOWS
are often signs of discomfort and stress in the infant, key
interventions are organized according to a system of developmental/neuroprotective care focus areas (Figure 1).50

Healing Environment

Initial treatment of infants who develop early signs of
withdrawal is directed at minimizing environmental stimuli (both light and sound) by placing the infant in a dark,
quiet environment.3,10,11,51 One hospital unit shared that they
created an environment of low lighting and low noise, with
trained and dedicated staff along with community volunteers
who were specially trained to hold and rock neonates when
family members were not available.52

Pain and Stress Assessment and Management

Responding promptly to infant signals3 using nonpharmacologic care techniques can prevent the infant from
becoming overstimulated and stressed. Specific methods of
decreasing infant stress include holding, cuddling, and manual rocking,10,11 as well as coordinated, clustered care to allow
for more uninterrupted quiet time.51 Therapeutic handling
techniques (such as gentle tucking and flexing of the infant in

a contained manner similar to the position they experienced
in utero) have been reported to produce calming effects in
neonates52 by preventing autostimulation and supporting
infant self-regulation.51

Pharmacologic Care

Pharmacologic therapy53 is indicated to relieve moderate-to-severe NOWS clinical signs and to prevent complications such as hyperthermia, weight loss, and seizures
in infants who do not respond to nonpharmacologic support.3 However, administration of pharmacologic treatment
should be carefully assessed because it will prolong drug
exposure and may increase length of hospital stay to the
possible detriment of maternal–infant bonding.3 The only
clearly defined benefit of pharmacologic treatment is the
short-term amelioration of clinical signs.3 Studies have not
addressed whether long-term morbidity related to neonatal
drug withdrawal is decreased by pharmacologic management of affected infants, or whether continued postnatal
drug exposure augments the risk of neurobehavioral and
other morbidities.3 Kocherlakota notes that medications are
only required when supportive therapy fails to control signs
and symptoms and when withdrawal scores remain high,
serious signs such as seizures are observed, or when withdrawal is associated with severe dehydration as a result of
diarrhea and/or vomiting.10,11
Once the health care team considers the infant’s response
to nonpharmacologic measures, his or her degree of clinical
signs of withdrawal, and determines that pharmacologic interventions are indicated—even with the risks of that therapy—
there is no consensus on standard practice.23 Recent evidence
suggests that the use of a standardized protocol for pharmacologic treatment of NOWS may be more important than the
choice of drug.23 Bagley and colleagues recommended that
nurseries adopt standard protocols including the use of published assessment tools and accepted NOWS treatments such
as morphine and methadone, as well as training of all staff
members involved in infant care.39 Although several pharmacologic treatment regimens have been published,10,11 no
medications are currently FDA-approved for use in NOWS
management.39

Protected Sleep

Swaddling reduces stimulation, decreases crying time, and
promotes more sustained sleep.54 Kangaroo care and nonnutritive sucking may also help calm infants.10,11,51 As previously
indicated, it may be especially important to remain alert for
early signs of newborn irritability.10,11 If parents or volunteers
are immediately available, they can calm and soothe these
infants to prevent the cycle of irritability, excessive crying,
poor feeding, and lack of sleep.10,11

Family-Centered Care

Kocherlakota noted that active maternal participation is the
most effective form of nonpharmacologic care.10,11 However,
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FIGURE 1 ■ Developmental/neuroprotective care of infants with NOWS.

Abbreviation: NOWS = neonatal opioid withdrawal syndrome.

preparation for infant neurobehavioral dysregulation is critical.55 Infant withdrawal symptoms can produce feelings of
guilt and anxiety in mothers and family members, which can
lead to substance abuse relapse, maternal–infant communication failure, and subsequent maladaptive developmental trajectories in infants. It is also important to prepare the mother
to identify her feelings about having an infant with NOWS
and to practice emotional responses that will enable her to
fully support the infant’s recovery.55
Bagley and colleagues suggested that because infant treatment does not occur in isolation from the mother, it is crucial
to consider and treat the infant with NOWS as part of an
infant–mother dyad. They went on to state that creating a
more secure, compassionate, and comfortable environment
for the dyad will likely optimize outcomes for both mother
and infant.39 A caring, nonjudgmental approach by health
care providers may be effective in encouraging maternal
participation.10,11
Nurses working with babies with NOWS and their families
are in a unique position to impact this mother/child bond.
By educating oneself about substance use and mental

health, being supportive, controlling biases, and providing clear communication, nurses can not only care for the
baby’s needs, but they can also help foster this relationship,
potentially driving positive behavioral changes and improving long-term outcomes for the mother/child dyad.56(p207)
Two key ways to help support the infant–mother dyad and
to improve maternal satisfaction are through breastfeeding
assistance and education and rooming-in.23 In addition, both
breastfeeding and rooming-in can provide an opportunity to
normalize the postpartum process for women who may feel
vulnerable and stigmatized because of their opioid use history.39 Johnson also noted that staff consistency increases a
sense of comfort and trust in mothers.56 Collaboration with
other disciplines, such as social work, physical therapy, and
child life is also important in providing resources and support
to both mother and infant.55,56

Feeding

An activity of daily living, breastfeeding is generally recommended for infants exposed to opioids in utero if the
mother is enrolled in a substance abuse treatment program39
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and the infant continues to gain weight.3 Breastfeeding is
contraindicated if the mother is actively using illicit drugs, has
polydrug abuse, or is infected with human immunodeficiency
virus (HIV).10,11 If breastfeeding is indicated, it is important
to determine the level of residual opioid in the breast milk.
Breastfeeding may mitigate the severity of NOWS,57 and
has also been shown to improve outcomes by reducing length
of hospital stay and reducing NOWS assessment scores.39
In addition to health benefits for the infant, breastfeeding
increases maternal confidence and encourages maternal participation in infant care.10,11 Schiff and associates have recently
published a review of the breastfeeding dynamics between
hospital staff, opioid-addicted mothers, and their infants.58
Although it is the preferred nutritional option,59 in the
event that breastfeeding is contraindicated frequent high-
density feedings may be needed to ensure adequate weight
gain due to increased energy use and to prevent gastroesophageal reflux, emesis, and diarrhea.51 Infants who remain calm
and content expend less energy, potentially leading to more
calories available for growth.

Positioning

Age-appropriate positioning techniques with the infant
contained and tucked can soothe the infant, increase comfort, and decrease irritability. However, there has not been a
systematic study to determine optimal infant positioning to
reduce stress from NOWS, as there has been for premature
neonates.

Skin Care

Aside from providing overall comfort and support to the
infant with NOWS, developmental/neuroprotective care
may also help improve infant skin health by decreasing neurological irritability and thus decreasing the potential for skin
injury related to repetitive movement.26 Skin care is one of
the often overlooked aspects in the clinical management of a
NOWS infant, but is clinically important.60 Scratches in the
sacral area and extremities, sucking blisters, and skin excoriation frequently result from neurologic irritability in infants
with NOWS.26 Nonpharmacologic interventions such as
swaddling in a flexed position, gentle rocking in a vertical
manner, nonnutritive sucking, hand containment, and skinto-skin care can comfort the infant and decrease irritability to
help prevent these skin lesions.
An increased incidence of diaper dermatitis has also been
reported in infants with NOWS.61 Diaper dermatitis can cause
severe infant discomfort and distress among parents and
caregivers. Consequently, care practices that prevent onset
of dermatitis in the perianal region, alleviate clinical signs,
and promote skin healing are imperative. The Association of
Women’s Health, Obstetric, and Neonatal Nurses guidelines
for prevention of diaper dermatitis suggest optimal perianal
skin care through frequent diaper changes, gentle cleansing of skin to remove urine and feces, and the use of a protective barrier cream.62,63 Fast-absorbing, breathable diapers

are recommended to reduce skin overhydration, as are pHbalanced, low-friction formulated baby wipes.
Breast milk has been shown to lower the pH of both feces
and urine in neonates, which could improve overall skin pH
and prevent diaper dermatitis.62 Due to the unique needs of
infants with NOWS and their high incidence of diaper dermatitis, specific guidelines for perianal care in this population are
needed. Routine skin rounds, in which trained nurses conduct skin surveillance, are also recommended. Infants with
diaper dermatitis should be carefully monitored to ensure the
condition is resolving and exclude the presence of an infection such as candidiasis.26

DISCUSSION AND RECOMMENDATIONS

The current widespread opioid crisis impacts the health
and well-being of adults who use or abuse these drugs, as well
as infants who are exposed to those agents in utero. Opioid
addiction also represents a significant financial burden on the
health care system to provide care for infants with NOWS.
McQueen and colleagues suggested that the increased incidence of NOWS and dramatic increases in associated health
care costs warrant a consistent and comprehensive approach
to mitigate negative outcomes for affected infants, their
mothers, and the health care system.23
Few, if any large, high-quality, randomized, controlled
trials have explored optimal care for infants impacted by
NOWS. This lack of supporting data leads to variability in
the care of these infants and has led the government, health
care professional organizations, and health care providers to
call for establishment of evidence-based standards for the care
of NOWS infants. Bagley and colleagues indicated an urgent
need for additional research—some of which should focus
on the variations of NOWS expression—to ensure the best
care for infants with NOWS.39 In addition, data are needed to
construct a clinically useful model for estimating withdrawal
time for any given opioid. This is complicated by the large
number of factors that determine withdrawal time and that
little of these data are in the literature.
Another area of concern and opportunity for improvement
is standardization of NOWS assessment tools. Current assessment scales and measures do not accurately reflect—with an
acceptable degree of reliability—the clinical condition of the
newborn with NOWS. Findings support the need for development of an NOWS measure based on sound psychometric
principles.35,64
According to Grossman and associates, nonpharmacologic
interventions seem to “hold the most promising”44 therapeutic approach and reflect the potential benefits of developmental/neuroprotective care. Although developmental care
has been promoted for several decades, it is still practiced
inconsistently.40,50 The continuing challenge is to not only
provide bedside practitioners with knowledge and tools to
consistently apply developmental/neuroprotective care, but
also to ensure the application of these practices to all newborn care as appropriate. Resources such as Every Change
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Matters,63 the Wee Care Neuroprotective NICU Program,65
and recent guidelines by Milette and colleagues provide specific recommendations regarding implementation of developmental and neuroprotective care.47,48 Other care modalities
such as mother–infant rooming-in,66 which is a part of the
Family-Centered focus care area, may hold promise in reducing infant stress and length of stay,67 and shifting the care
focus to nonpharmacologic solutions.68
Additional research is also needed to better define
the physiologic impact of NOWS on infant skin and to
develop appropriate interventions. A recent multicenter
retrospective study found that for 1,241 neonatal intensive care admissions, 86 percent of full-term infants with
NOWS had documented diaper dermatitis compared with
28 percent of full-term infants without NOWS.61
Overhydration, skin irritants in urine and feces, friction,
increased skin pH, and other factors can lead to diaper dermatitis, impacting overall infant health.69 In infants with
NOWS, the increased number of watery or loose stools
associated with withdrawal also contributes to diaper dermatitis.26 It has also been suggested that the reduced frequency of diaper changes to avoid sleep disturbance in
NOWS infants can increase skin exposure to fecal material, leading to greater incidence of diaper dermatitis.61
Additional research is needed to better understand the
causes of diaper dermatitis in this population and inform
guidelines for evidence-based care. However, a possible
treatment would be to prevent loose or watery stools in
NOWS infants. Because stress can negatively impact skin
barrier function of even healthy adult skin,70–72 upregulation of the stress response in the skin of infants with
NOWS could contribute to the higher incidence of skin-
related health issues. If so, developmental neuroprotective
care could mitigate stress and improve skin health, as well
as other clinical signs. More research is needed to explore
this topic.
Similar to opioid withdrawal, the use of tobacco or tobacco
products during pregnancy can result in neonatal nicotine
withdrawal.73 This syndrome shares many common features
with NOWS, including symptomology that is dependent on
the form and dose of tobacco used74 and accumulation of
tobacco metabolic products (e.g., nicotine and cotinine) in
breast milk.75 Only one article in the literature clinically relates
the two syndromes in a methodical manner.76 Neonatal nicotine withdrawal syndrome newborns will undoubtedly benefit from the developmental and neuroprotective care focus
that benefits NOWS infants.

SUMMARY

NOWS is often a hidden outcome of the opioid epidemic1
and the number of affected infants has increased dramatically
over the past decade. As a result, better understanding of
NOWS pathophysiology and standardized treatment methods are needed.

REFERENCES

1. Ko JY, Wolicki S, Barfield WD, et al. CDC Grand rounds: public health
strategies to prevent neonatal abstinence syndrome. MMWR Morb Mortal
Wkly Rep. 2017;66(9):242–245. doi:10.15585/mmwr.mm6609a2
2. Salter T, Ridely N, Cummings B. Opportunities to Address Pregnancy,
Drug Use and the Law. White Paper on Implementation of Chapter
820, Nashville, TN: Tennessee Association of Alcohol, Drug, and Other
Addiction Services (AADAS);2015.
3. Hudak ML, Tan RC. Neonatal drug withdrawal. Pediatrics.
2012;129(2):e540–560. doi:10.1542/peds.2011-3212
4. Galinkin J, Koh JL. Recognition and management of iatrogenically
induced opioid dependence and withdrawal in children. Pediatrics.
2014;133(1):152–155. doi:10.1542/peds.2013-3398
5. Green TC, Grau LE, Carver HW, Kinzly M, Heimer R. Epidemiologic
trends and geographic patterns of fatal opioid intoxications in Connecticut,
USA: 1997-2007. Drug Alcohol Depend. 2011;115(3):221–228.
doi:10.1016/j.drugalcdep.2010.11.007
6. Patrick SW, Davis MM, Lehmann CU, Cooper WO. Increasing incidence
and geographic distribution of neonatal abstinence syndrome: United
States 2009 to 2012. J Perinatol. 2015;35(8):650–655. doi:10.1038/
jp.2015.36
7. Bakhireva LN, Holbrook BD, Shrestha S, et al. Association between
prenatal opioid exposure, neonatal opioid withdrawal syndrome, and
neurodevelopmental and behavioral outcomes at 5-8 months of age. Early
Hum Dev. 2019;128:69–76. doi:10.1016/j.earlhumdev.2018.10.010
8. Davies H, Gilbert R, Johnson K, et al. Neonatal drug withdrawal
syndrome: cross-country comparison using hospital administrative data
in England, the USA, Western Australia and Ontario, Canada. Arch
Dis Child Fetal Neonatal Ed. 2016;101(1):F26–F30. doi:10.1136/
archdischild-2015-308948
9. O’Donnell M, Nassar N, Leonard H, et al. Increasing prevalence of
neonatal withdrawal syndrome: population study of maternal factors and
child protection involvement. Pediatrics. 2009;123(4):e614–e621. doi:
10.1542/peds.2008-2888
10. Kocherlakota P. Neonatal abstinence syndrome. Pediatrics. 2014;134(2):
e547–e61. doi: 10.1542/peds.2013-3524.
11. Wachman EM, Schiff DM, Silverstein M. Neonatal abstinence syndrome:
advances in diagnosis and treatment. JAMA. 2018;319(13):1362–1374.
doi:10.1001/jama.2018.2640.
12. Schiff DM, Grossman MR. Beyond the Finnegan scoring system: novel
assessment and diagnostic techniques for the opioid-exposed infant.
Semin Fetal Neonatal Med. 2019;pii:S1744-S165X(19)30012-5.
doi:10.1016/j.siny.2019.01.003
13. Desai RJ, Hernandez-Diaz S, Bateman BT, Huybrechts KF. Increase
in prescription opioid use during pregnancy among Medicaid-enrolled
women. Obstet Gynecol. 2014;123(5):997–1002. doi:10.1097/
AOG.0000000000000208
14. Sanlorenzo LA, Stark AR, Patrick SW. Neonatal abstinence syndrome:
an update. Curr Opin Pediatr. 2018;30(2):182–186. doi:10.1097/
MOP.0000000000000589
15. MacMullen NJ, Samson LF. Neonatal abstinence syndrome:
an uncontrollable epidemic. Crit Care Nurs Clin North Am.
2018;30(4):585–596. doi:10.1016/j.cnc.2018.07.011
16. Jones HE, O’Grady KE, Malfi D, Tuten M. Methadone maintenance vs.
methadone taper during pregnancy: maternal and neonatal outcomes. Am
J Addict. 2008;17(5):372–386. doi:10.1080/10550490802266276/
17. Laslo J, Brunner J-M, Burns D, et al. An overview of available drugs for
management of opioid abuse during pregnancy. Matern Heal Neonatol
Perinatol. 2017;3:4. doi:10.1186/s40748-017-0044-2
18. Patrick SW, Davis MM, Lehman CU, Cooper WO. Increasing incidence
and geographic distribution of neonatal abstinence syndrome: United States
2009 to 2012. J Perinatol. 2015;35(8):667. doi:10.1038/jp.2015.36

N E O N ATA L N E T W O R K
166

06_11-T-571.indd 166

M AY / J U N E 2 0 1 9 , VO L . 3 8 , N O . 3

26/04/19 3:58 PM

19. Winkelman TNA, Villapiano N, Kozhimannil KB, Davis MM, Patrick
SW. Incidence and costs of neonatal abstinence syndrome among infants
with Medicaid: 2004- 2014. Pediatrics. 2018;141(4). pii: e20173520.
doi:10.1542/peds.2017-3520
20. Rogerson T, Houston A 2nd, Lyman G, et al. Factors associated with the
prevalence of neonatal abstinence syndrome in West Virginia. J Opioid
Manag. 2018;14(6):445–452. doi:10.5055/jom.2018.0477
21. Okoroh EM, Gee RE, Jiang B, McNeil MB, Hardy-Decuir BA, Zapata
AL. Neonatal Abstinence syndrome: trend and expenditure in Louisiana
Medicaid, 2003-2013. Matern Child Health J. 2017;21(7):1479–1487.
doi:10.1007/s10995-017-2268-1
22. Jilani SM, Frey MT, Pepin D, et al. Evaluation of state-mandated
reporting of neonatal abstinence syndrome—six states, 2013-2017.
MMWR Morb Mortal Wkly Rep. 2019;68(1):6–10. doi:10.15585/
mmwr.mm6801a2
23. McQueen K, Murphy-Oikonen J. Neonatal abstinence syndrome. N
Engl J Med. 2016;375(25):2468–2479. doi:10.1056/NEJMra1600879

38. Evoy KE, Morrison MD, Saklad SR. Abuse and misuse of pregabalin
and gabapentin. Drugs. 2017;77(4):403–426. doi:10.1007/
s40265-017-0700-x
39. Bagley SM, Wachman EM, Holland E, Brogly SB. Review of the
assessment and management of neonatal abstinence syndrome. Addict
Sci Clin Pract. 2014;9(1):19. doi:10.1186/1940-0640-9-19
40. Mangat AK, Schmölzer GM, Kraft WK. Pharmacologic and nonpharmacological treatments for the neonatal abstinence syndrome
(NAS). Semin Fetal Neonatal Med. 2019;pii:S1744-165X(19)30018-6.
doi:10.1016/j.siny.2019.01.009
41. Rosenthal EW, Baxter JK. Obstetric management of women with opioid
use disorder. Semin Perinatol. 2019;pii:S0146-0005(19)30006-0.
doi:10.1053/j.semperi.2019.01.006
42. Grossman M, Berkwitt A. Neonatal abstinence syndrome. Semin
Perinatol. 2019; pii: S0146-0005(19)30007-2. doi: 10.1053/j.
semperi.2019.01.007

24. Doberczak TM, Kandall SR, Wilets I. Neonatal opiate abstinence
syndrome in term and preterm infants. J Pediatr. 1991;118(6):933–937.
doi:10.1016/S0022-3476(05)82214-0

43. Ryan G, Dooley J, Gerber Finn L, Kelly L. Nonpharmacologic
management of neonatal abstinence syndrome: a review of the literature.
J Matern Fetal Neonatal Med. 2019;32(10):1735–1740. doi:10.1080/
14767058.2017.1414180

25. D’Apolito K, Hepworth JT. Prominence of withdrawal clinical signs in
polydrug-exposed infants. J Perinat Neonatal Nurs. 2001;14(4):46–60.
doi:10.1097/00005237-200103000-00005

44. Grossman M, Seashore C, Holmes AV. Neonatal abstinence syndrome
management: a review of recent evidence. Rev Recent Clin Trials.
2017;12(4):226–232. doi:10.2174/

26. Bagwell GA, Thomas A, Ryshen G. Improving skin integrity in
babies diagnosed with neonatal abstinence syndrome. Neonatal Netw.
2016;35(5):1–7. doi:10.1891/0730-0832.35.S1.1

45. Jones HE, Kaltenbach K, Benjamin T, Wachman EM, O'Grady KE.
Prenatal opioid exposure, neonatal abstinence syndrome/neonatal
opioid withdrawal syndrome, and later child development research:
shortcomings and solutions. J Addict Med. 2018;13(2):90–92.
doi:10.1097/ADM.0000000000000463

27. Gaalema DE, Heil SH, Badger GJ, Metayer JS, Johnston AM. Time
to initiation of treatment for neonatal abstinence syndrome in neonates
exposed in utero to buprenorphine or methadone. Drug Alcohol Depend.
2013;133(1):266–269. doi:10.1016/j.drugalcdep.2013.06.004
28. Oei J, Lui K. Management of the newborn infant affected by maternal
opiates and other drugs of dependency. J Paediatr Child Health.
2007;43(1-2):9–18. doi:10.1111/j.1440-1754.2007.00994.x
29. Cleary BJ, Eogan M, O’Connell MP, et al. Methadone and perinatal
outcomes: a prospective cohort study. Addiction. 2012;107(8):1482–
1492. doi:10.1111/j.1360-0443.2012.03844.x
30. Finnegan LP, Connaughton JFJ, Kron RE, Emich JP. Neonatal
abstinence syndrome: assessment and management. Addict Dis.
1975;2(1–2):141–158.
31. Finnegan L. Neonatal abstinence syndrome: assessment and
pharmacotherapy. In: Nelson NM, ed. Current Therapy in NeonatalPerinatal Medicine. 2nd ed. Ontario, Canada: B.C. Decker; 1990.
32. Lipsitz PJ. A proposed narcotic withdrawal score for use with newborn
infants. A pragmatic evaluation of its efficacy. Clin Pediatr (Phila).
1975;14(6):592–594. doi:10.1177/000992287501400613
33. Green M, Suffet F. The Neonatal Narcotic Withdrawal Index: a device for
the improvement of care in the abstinence syndrome. Am J Drug Alcohol
Abuse. 1981;8(2):203–213. doi:10.3109/00952998108999125
34. Zahorodny W, Rom C, Whitney W, et al. The neonatal withdrawal
inventory: a simplified score of newborn withdrawal. J Dev Behav Pediatr.
1998;19(2):89–93. doi:10.1097/00004703-199804000-00005
35. Schiff DM, Grossman MR. Beyond the Finnegan scoring system: Novel
assessment and diagnostic techniques for the opioid-exposed infant.
Semin Fetal Neonatal Med. 2019; pii: S1744-S165X(19)30012-5. doi:
10.1016/j.siny.2019.01.003
36. Grossman M, Berkwitt A. Neonatal abstinence syndrome. Semin
Perinatol.
2019;pii:
S0146-0005(19)30007-2.
doi:10.1053/j.
semperi.2019.01.007
37. Loudin S, Murray S, Prunty L, Davies T, Evans J, Werthammer J.
An atypical withdrawal syndrome in neonates prenatally exposed to
gabapentin and opioids. J Pediatr. 2017;181:286–288. doi:10.1016/j.
jpeds.2016.11.004

46. Bountress K, Haller MM, Chassin L. The indirect effects of parent
psychopathology on offspring affective disorder through difficulty
during the leaving home transition. Emerg Adulthood. 2013;1(3):196–
206. doi:10.1177/2167696813477089
47. Milette I, Martel M-J, da Silva MR, Coughlin McNeil M. Guidelines
for the institutional implementation of developmental neuroprotective
care in the NICU. Part B: recommendations and justification. A joint
position statement from the CANN, CAPWHN, NANN, and COINN.
Can J Nurs Res. 2017;49(2):63–74. doi:10.1177/0844562117708126
48. Milette I, Martel M-J, Ribeiro da Silva M, Coughlin McNeil M.
Guidelines for the institutional implementation of developmental
neuroprotective care in the neonatal intensive care unit. Part A:
background and rationale. A joint position statement from the CANN,
CAPWHN, NANN, and COINN. Can J Nurs Res. 2017;49(2):46–62.
doi:10.1177/0844562117708126
49. Altimier L, Phillips R. The neonatal integrative developmental care
model: advanced clinical applications of the seven core measures for
neuroprotective family-centered developmental care. Newborn Infant
Nurs Rev. 2016;16(4):230–244. doi:10.1053/j.nainr.2016.09.030
50. Coughlin M. Transformative Nursing in the NICU: Trauma-Informed
Age-Appropriate Care. New York, NY: Springer Publishing Company
LLC; 2014.
51. Wiles JR, Isemann B, Ward LP, Vinks AA, Akinbi H. Current management
of neonatal abstinence syndrome secondary to intrauterine opioid exposure.
J Pediatr. 2014;165(3):440–446. doi:10.1016/j.jpeds.2014.05.010
52. Loudin S, Werthammer J, Prunty L, Murray S, Shapiro JI, Davies TH.
A management strategy that reduces NICU admissions and decreases
charges from the front line of the neonatal abstinence syndrome epidemic.
J Perinatol. 2017;37(10):1108–1111. doi:10.1038/jp.2017.101
53. Disher T, Gullickson C, Singh B, et al. Pharmacologic treatments for
neonatal abstinence syndrome: a systematic review and network metaanalysis. JAMA Pediatr. 2019;doi:10.1001/jamapediatrics.2018.5044
54. van Sleuwen BE, Engelberts AC, Boere-Boonekamp MM, Kuis W,
Schulpen TWJ, L’Hoir MP. Swaddling: a systematic review. Pediatrics.
2007;120(4):e1097–106. doi:10.1542/peds.2006-2083

N E O N ATA L N E T W O R K
VO L . 3 8 , N O . 3 , M AY / J U N E 2 0 1 9

06_11-T-571.indd 167

167

26/04/19 3:58 PM

55. Jansson LM, Velez M. Neonatal abstinence syndrome. Curr Opin
Pediatr. 2012;24(2):252–258.
56. Johnson, B. Neonatal Abstinence Syndrome. Pediatr. Nurs. 2017;43(4):
206–207. doi:10.1097/MOP.0b013e32834fdc3a.
57. Klaman SL, Isaacs K, Leopold A, et al. Treating women who are
pregnant and parenting for opioid use disorder and the concurrent
care of their infants and children: literature review to support national
guidance. J Addict Med. 2017;11(3):178–190. doi:10.1097/
ADM.0000000000000308
58. Schiff DM, Wachman EM, Philipp B, et al. Examination of hospital,
maternal, and infant characteristics associated with breastfeeding
initiation and continuation among opioid-exposed mother-infant dyads.
Breastfeed Med. 2018;(4):266–274. doi:10.1089/bfm.2017.0172
59. Holmes AP, Schmidlin HN, Kurzum EN. Breastfeeding considerations for
mothers of infants with neonatal abstinence syndrome. Pharmacotherapy.
2017;37(7):861–869. doi:10.1002/phar.1944
60. Schubach NE, Mehler K, Roth B, et al. Skin conductance in neonates
suffering from abstinence syndrome and unexposed newborns. Eur J
Pediatr. 2016;175(6):859–868. doi:10.1007/s00431-016-2716-8
61. Malik A, Witsberger E, Cottrell L, Kiefer A, Yossuck P. Perianal
dermatitis, its incidence, and patterns of topical therapies in a level
IV neonatal intensive care unit. Am J Perinatol. 2017;35(5):486–93.
doi:10.1055/s-0037-1608708
62. Association of Women’s Health, Obstetrics, and Neonatal Nurses.
Neonatal Skin Care—Evidence Based Clinical Practice Guideline. 4th
ed. Washington DC: Association of Women’s Health, Obstetrics, and
Neonatal Nurses; 2017.
63. Dore S, Esser M, Fitzgerald F, et al. Every Change MattersTM: A Guide to
Developmental Diapering Care. Dallas, TX: Huggies Nursing Advisory
Council; 2016.
64. Jones HE, Seashore C, Johnson E, et al. Psychometric assessment of the
Neonatal Abstinence Scoring System and the MOTHER NOWS Scale.
Am J Addict. 2016;25(5):370–373. doi:10.1111/ajad.12388
65. Altimier L, Kenner C, Damus K. The Wee Care Neuroprotective NICU
Program (Wee Care): The effect of a comprehensive developmental care
training program on seven neuroprotective core measures for familycentered developmental care of premature neonates. Newborn Infant
Nurs Rev. 2015;15(1):6–16. doi:10.1053/j.nainr.2015.01.006
66. MacMillan KDL, Rendon CP, Verma K, Riblet N, Washer DB,
Volpe Holmes A. Association of rooming-in with outcomes for
neonatal abstinence syndrome: a systematic review and metaanalysis. JAMA Pediatr. 2018 Apr 1;172(4):345–351. doi:10.1001/
jamapediatrics.2017.5195
67. Grossman MR, Berkwitt AK, Osborn RR, et al. An initiative to improve the
quality of care of infants with neonatal abstinence syndrome. Pediatrics.
2017 Jun;139(6). pii: e20163360. doi:10.1542/peds.2016-3360
68. Grossman M, Seashore C, Holmes AV. Neonatal abstinence syndrome
management: a review of recent evidence. Rev Recent Clin Trials.
2017;12(4):226-232.
69. Visscher MO. Recent advances in diaper dermatitis: etiology and treatment.
Ped Health. 2009;3(1):81–98. doi:10.2217/17455111.3.1.81
70. Altemus M, Rao B, Dhabhar FS, Ding W, Granstein RD. Stress-induced
changes in skin barrier function in healthy women. J Invest Dermatol.
2001;117(2):309–317. doi:10.1046/j.1523-1747.2001.01373.x
71. Slominski A. A nervous breakdown in the skin: stress and the epidermal
barrier. J Clin Invest. 2007;117(11):3166–3169. doi:10.1172/
JCI33508
72. Glaser R, Kiecolt-Glaser JK. Stress-induced immune dysfunction:
implications for health. Nat Rev Immunol. 2005;5(3):243–251.
doi:10.1038/nri1571
73. Liska SR. In utero exposure to Black Bull chewing tobacco and
neonatal nicotine withdrawal: a review of the literature. Neonatal Netw.
2014;33(1):5–10. doi:10.1891/0730-0832.33.1.5

74. Frøisland DH. Nicotine withdrawal syndrome in a newborn baby after
maternal use of oral applied moist tobacco (snus), should result in greater
awareness to the use of snus among pregnant women. Acta Paediatr.
2017;106(9):1531. doi:10.1111/apa.13913
75. Phillips JJ. Breastfeeding and maternal smoking. Pediatrics. 2012;130(2):
e461; author reply 465-466. doi:10.1542/peds.2012-1647A
76. Winklbaur B, Baewert A, Jagsch R, et al. Association between prenatal
tobacco exposure and outcome of neonates born to opioid-maintained
mothers. Implications for treatment. Eur Addict Res. 2009;15(3):
150–156. doi:10.1159/000216466

About the Authors

Lucia Piccotti, PhD, worked from 2012 to May 2018 as lead scientist for Kimberly-Clark Corporation where she spearheaded the research
in a plethora of human health subjects, including skin and gastrointestinal health in neonates. She holds a PhD in Biochemistry and an MS in
Organic Chemistry from the University of Perugia, Italy. Dr. Piccotti
joined Kimberly-Clark after an extensive experience as academic
researcher at renowned institutions such as MD Anderson Cancer
Center, Baylor College of Medicine, and University of Texas-Houston
Health Center. During her academic years, she investigated cellular
aging, mitochondrial function and exocytosis in neurons and in lung
epithelium. She has authored multiple peer-reviewed publications and
has been a recipient of awards and grants.
Barbara Voigtman RN, MSN, is currently a study manager for
Kimberly-Clark. In addition, Voigtman provides subject matter
expertise as a pediatric/neonatal clinical nurse specialist to various departments within Kimberly-Clark related to her advanced
practice nursing expertise. Voigtman has worked as a clinical nurse
specialist for over 20 years in various specialty areas including acute
care general pediatrics, pediatric intensive care, neonatal intensive
care, pediatric oncology, and pediatric/neonatal palliative care.
Voigtman also served as an interim pediatric nursing instructor
for a BSN program and worked at a community-based hospice
program developing a pediatric/neonatal hospice and palliative
service. She has been recognized professionally with previous certification as an Advanced Practice Certified Hospice and Palliative
Nurse (ACHPN), Certified Pediatric Oncology Nurse (CPON),
and End-of-Life Nursing Education Consortium (ELNEC) pediatric palliative care trainer. She graduated from the University
of North Dakota with a Bachelor of Science in Nursing and completed a Master of Science in Nursing at Wichita State University
in Maternal Child Nursing.
Rebecca Vongsa, PhD, holds a bachelor’s degree in Microbiology and
a PhD in Biomedical Research with an emphasis in mucosal immunology from the Medical College of Wisconsin. Her PhD research focused
on investigating how immune modulators affect the intestinal epithelial
barrier. Since joining Kimberly-Clark in 2008, she has focused on elucidating the role of the urogenital microbiome in promoting women’s
health. Recently her studies have focused on drivers of irritation in infant
diapered skin. Dr. Vongsa holds multiple patents and has authored a
number of peer-reviewed publications. She has recently left KimberlyClark to pursue entrepreneurial opportunities in the life sciences area.
Emma M Nellhaus, MS, is currently a medical student at the Joan
C. Edwards School of Medicine at Marshall University in Huntington,
West Virginia. She holds a Bachelor of Arts degree in psychology and
a Master of Science in Clinical and Translational Science. Her masters level research focused on addiction medicine, particularly neonatal
abstinence syndrome and the role of maternal psychiatric disorders on
its incidence and severity in the Appalachian region.

N E O N ATA L N E T W O R K
168

06_11-T-571.indd 168

M AY / J U N E 2 0 1 9 , VO L . 3 8 , N O . 3

26/04/19 3:58 PM

Karien J Rodriguez, PhD, holds a bachelor’s degree in chemical
engineering from the University of Puerto Rico-Mayaguez and a PhD
in biomedical engineering from the University of Wisconsin-Madison.
Her PhD research was in the area of biomaterials and tissue engineering. She conducted postdoctoral research on chronic wound healing at
the School of Veterinary Medicine, University of Wisconsin-Madison.
She then joined Johnson & Johnson Consumer Inc., where she spent
three years working in the area of aging skin and skin inflammation.
At Kimberly-Clark she has focused on elucidating the mechanism by
which diaper dermatitis and infant skin inflammation occurs and
factors that contribute to its severity. Karien has authored multiple
scientific publications.
Todd H Davies, PhD, is the associate director of Research and
Development for the Division of Addiction Sciences at Marshall
University’s Joan C. Edwards School of Medicine. He has been instrumental in forming a number of community coalitions focused on
addiction recovery and has experience in the development and implementation of clinical research trials of various sizes and design with
particular expertise in recruiting patients in Appalachia and with
substance use disorder. His current research is centered on links between
maternal peripartum depression and the consequences of in utero

exposure to neuroactive substances. Dr. Davies studies a population
that demonstrates high levels of polysubstance abuse and the resulting
differential symptomology.
Stephen Quirk, PhD, is the head biologist for the Kimberly-Clark
Corp. He holds a Bachelor of Science in Biology/Molecular Genetics from
the University of Rochester and a PhD degree in biology from the Johns
Hopkins University. He studied x-ray crystallography of actin-binding
proteins during a postdoctoral fellowship at the Johns Hopkins School of
Medicine. He is an expert in protein structure—function relationships,
as well as the interactions between proteins, peptides, and lipids. He is
an author of 45 peer-reviewed publications and holds 25 granted U.S.
patents. His current research is focused on bioprinting human skin and
the new techniques to form skin organoids.
For further information, please contact:
Stephen Quirk, PhD
Kimberly-Clark Corp
1400 Holcomb Bridge Rd.
Roswell, GA 30076
770-587-8541
E-mail: squirk@kcc.com

New from ANN

To explore this new ANN member benefit, please visit www.academyonline.org

Guide to Neonatal Ventilation

Improve the care you provide to vulnerable neonates
with our NEW Guide to Neonatal Ventilation.
Five case studies provide the framework for
assessment and management of infants with RDS,
PIE, CLD, MAS, PPHN, and Air Leaks.
To explore this new ANN member benefit, please visit www.academyonline.org

N E O N ATA L N E T W O R K
VO L . 3 8 , N O . 3 , M AY / J U N E 2 0 1 9

06_11-T-571.indd 169

169

26/04/19 3:58 PM

