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Abstract 

Neonatal Abstinence Syndrome is a commonly known form of neonatal withdrawal, which can 

affect infants prenatally exposed to opioids. Research has shown that prenatal substance exposure may 

induce withdrawal syndromes in infants prenatally exposed to other substances, as well. Thus, studies 

have investigated withdrawal-like symptoms in infants after various prenatal exposures. Neurobehavioral 

effects have been shown, though specific presentation may vary by substance, situation, and individual 

infant. Five categories of substances are described: opioids and opiates, SSRIs, nicotine, cocaine, and 

amphetamines and methamphetamines. For each category, known biological mechanisms in adults are 

described before presenting information from studies regarding neonatal withdrawal effects. After 

evaluating research related to neonatal withdrawal, a few commonalities emerged: (1) though infant 

withdrawal effects from nonopioid substances have been studied, different research reaches varying 

conclusions regarding the underlying mechanistic cause of symptoms, (2) researchers emphasize the need 

for additional symptom scoring systems, particularly to assess non-opioid exposures, and (3) publications 

encourage continued research in the field. In all cases, mothers and their newborns deserve care and 

consideration.  

 

  



Introduction: The Opioid Epidemic and Neonatal Abstinence Syndrome  

“Tomorrow I’m having my baby. She’s going to be born addicted. Thankfully she’s not going to 

remember. But to know that she’s going to have to feel withdrawal because of my choices, knowing that 

she’s going to feel pain because of my actions is horrible.” - Jennifer Moshera mother of two from North 

Andover, Mass.” (qtd. in Nachtwey) 

 

 The Opioid Epidemic reaches into every corner and chasm (“Our National Crisis”. From 

magazine covers and exposing documentaries to academic discussions and medical literature, depictions 

of the Opioid Crisis have illuminated the significance of substance use in daily life (“Our National 

Crisis”; “Dr. Feelgood”; Wilkerson et al.). The Centers for Disease Control and Prevention estimates that 

opioid overdose claims about 900 lives every week, with an overall death toll of nearly 450,000 deaths 

between the years of 1999 and 2018 (“Understanding the Epidemic”). Opioids are not solely responsible 

for substance-related tragedy, however, as over 750,000 total deaths from overdose occurred within the 

same timeframe (“Data Overview”). Substance use disorders present a significant public health concern 

(“Substance Abuse”). Not only have overdose-related death rates in America increased significantly over 

the past decade, but the World Health Organization estimates nearly 31 million individuals worldwide to 

be affected by substance use disorders (“Overdose Death Rates”; “Management”).  

 The seemingly omnipresent epidemic of substance abuse does not exclusively impact the users 

themselves (“Neonatal Abstinence Syndrome”). Friends, relatives, and others within the social circle of 

an individual suffering from a substance use disorder may adopt new roles and stressors (“Chapter 2 

Impact”). Substance use during pregnancy presents a unique situation, as children exposed to drugs or 

medications in-utero may require additional medical consideration throughout development (“Substance 

Use in Women”). In particular, newborns may experience withdrawal symptoms after birth due to 

cessation of exposure to the maternally introduced substance (“Substance Use in Women”; Wexelblatt et 

al.). Withdrawal is defined by the World Health Organization as “symptoms of variable clustering and 

degree of severity which occur on cessation or reduction of use of a psychoactive substance that has been 



taken repeatedly, usually for a prolonged period and/ or in high doses” (“Withdrawal State”). The recent 

surge in opioid use among pregnant women has revealed a concomitant increase in occurrence of 

Neonatal Abstinence Syndrome (NAS), the clinical term for infant withdrawal subsequent to maternal 

opioid use (Wexelblatt et al.). Though most medical literature details infant withdrawal from opioid 

exposure, other substances have been found to incite similar conditions (“Substance Use in Women”). 

Comprehensive neonatal patient care necessitates not only mechanistic understanding of prenatal 

substance exposure, but also social and contextual understanding of situations involving infant 

withdrawal (Raffaeli et al.). Considering neonatal withdrawal syndromes can arise from both prescribed 

and illicit maternal substance exposure, each case must be assessed and treated according to individual 

patient need (Alic). The proceeding research aims to compile knowledge regarding the biological 

processes of infant withdrawal. By outlining the current state of knowledge, gaps in research and care can 

be found and ameliorated to provide better outcomes for infants and their families. This work is not, in 

any way, intended to provide or influence medical advice or guidance. Please consult licensed healthcare 

professionals for all medical or health-related concerns. 
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Opioids and Opiates 

Opioid-related death is a worldwide tragedy (Knoppert).  “The Opioid Epidemic” encompasses 

the devastating effects of opioid misuse and overuse (“What Is the U.S.”). Opioid overdose claimed over 

33,000 lives during 2015 in the United States (Skolnick). Both prescription opioid analgesics and illegal 

varieties have played a role in the public health crisis that causes over 100 deaths every day (Skolnick; 

Mahase; “America’s Drug Overdose”).  

Opioids medications can alleviate various types of pain, from short-term to long-term conditions 

(Hagemeier). Postoperative pain and pain resulting from cancer are among the conditions treated with 

opioids (Grewal and Huecker). In addition to pain management, opioids are also used to treat diarrhea and 

cough, with medications such as loperamide and codeine, respectively (Grewal and Huecker). In general, 

“opioid” refers to chemicals that act at opioid receptors in the body (Wilkerson et al.). Opioids originating 

from the poppy plant are called “opiates” (Wilkerson et al.). Opiates include codeine, heroin, and 

morphine, while opioids also include synthetic varieties such as carfentanil, acetylfentanyl, and fentanyl 

(Wilkerson et al; Grewal and Huecker; “Synthetic Opioid”; “What Are Opioids?”). Other commonly 

known opioid varieties include oxycodone, tramadol, levorphanol, and hydrocodone (Trescot et al.). 

Some opioids can be prescribed medicinally, such as morphine, whereas others, such as heroin, are only 

available illegally in the United States (Wilkerson et al; Trescot et al; Hagemeier). Opioids can be 

introduced to the body via numerous methods including ingestion, intravenous or intramuscular injection, 

rectal and topical application (Grewal and Huecker).  



Opioids function biologically through opioid receptors found naturally in the human body, 

primarily throughout the nervous system (Trescot et al.). Opioids function similarly to endogenously 

produced endorphins (Trescot et al.). Three types of opioid receptors can be found throughout the nervous 

system: mu (µ), kappa (κ), and delta (∂) (Trescot et al.).  Mu receptors are located in the brain and come 

in several subtypes that, when stimulated, promote subjective feelings of pain relief and elation, as well as 

physical changes including slowed breathing and sedation (Trescot et al.). Activation of opioid receptors 

can lead to the release of cAMP-inhibiting proteins and inhibition of voltage-dependent calcium channels 

(Trescot et al.). When these calcium channels are inhibited, cells do not release pain-stimulating 

neurotransmitters such as “glutamate, substance P, and calcitonin gene-related peptide” (Chahl; Trescot et 

al.). Opioids are thus able to stop transmission of pain signaling (Trescot et al.; Al-Hasani and Bruchas). 

Opioids are also known to encourage pleasure pathways within the brain by preventing GABA release 

(Al-Hasani and Bruchas; Trescot et al). Since GABA acts as an inhibitory neurotransmitter, preventing its 

release leads to increased stimulation of its target neurons (Sherwood 87). Thus, prevention of GABA 

release in the ventral tegmental area (VTA) leads to an increase in dopamine signaling pathways, 

inducing happiness and euphoric emotions (Trescot et al.). Al-Hasani and Bruchas summarize the effects 

of opioid substances on the human brain: “While μ opioids continue to be some of the most effective 

analgesics, they are also efficacious mood enhancers and cause activation of central dopamine reward 

pathways that modulate euphoria” (Al-Hasani and Bruchas). Overall, opioids lead to positive subjective 

emotion and relief from pain (Trescot et al; Al-Hasani and Bruchas).  

In addition to immediate effects of analgesia and euphoric mood, the class of substances is also 

well-known for initiating physical and physiological dependence when taken long-term (Al-Hasani and 

Bruchas; Chan and Lutfy). According to the Centers for Disease Control and Prevention, the DSM-5 

defines Opioid Use Disorder “as a problematic pattern of opioid use leading to clinically significant 

impairment or distress” (“Module 5”). Long-term effects of opioid use include tolerance and dependence 

(Jamison and Mao). Where tolerance is defined as requiring higher quantities of a substance to feel the 

same subjective effects, dependence refers to when withdrawal symptoms precipitate after cessation of 



substance use (Jamison and Mao). Opioid use disorder, tolerance, and substance dependence are 

interconnected conditions with varying biological underpinnings (Jamison and Mao; Wang et al.). For a 

start, tolerance is thought to occur upon repeated exposure to opioids, which can lead to irregular behavior 

of molecular receptors (Wang et al.). In particular, cyclic AMP (cAMP) and protein kinase A (PKA) have 

been implicated in opioid addictive mechanisms (Chan and Lutfy). Opioid receptors inhibit adenylyl 

cyclase, causing less cAMP to accumulate within a cell, which decreases activity of PKA (Chan and 

Lutfy). Opioid use has been found to increase activity of the adenylyl cyclase pathway after chronic 

exposure (Chan and Lutfy). Moreover, opioids have been found to affect certain areas of the brain (Kim 

et al.). Increased production of dopamine, particularly in the Ventral Tegmental Area (VTA), has been 

linked to subjective feelings of reward (Kim et al.). In animal studies, VTA neurons reduced in size after 

long-term opioid exposure, potentially altering this reward system (Kim et al.). Cannabinoid receptor type 

1 proteins have also been implicated in brain alterations from opioid exposure (Kim et al.). The amygdala 

may contribute to different pathways associated with opioid use disorders, and the hippocampus is 

thought to induce various mechanisms of learned behavior (Kim et al.). Glutamate signaling in various 

regions may also be altered through substance use (Wang et al.). Numerous studies have found 

interrelated brain structural changes as a result of opioid use over long periods of time (Wang et al.; Kim 

et al.). 

As a result of physiological changes, the cessation of opioid use after long-term exposure leads to 

withdrawal effects (Jamison and Mao; Wang et al). Adult withdrawal can manifest with behavioral and 

psychological symptoms, including anxiety and irritability (Wang et al.). Physical pain can include 

musculoskeletal aches and abdominal pain (Wang et al.). Other symptoms, such as nasal congestion, 

yawning, lacrimation, and sweating are also common (Wang et al.).  Withdrawal may also precipitate 

gastrointestinal irregularities including diarrhea (Wang et al.). Opioid withdrawal is a severe clinical 

condition and can be life-threatening (Shah and Huecker).  

Withdrawal effects can also occur in infants after prenatal exposure to opioids (Alic). Since 

opioid substances have the ability to cross the placenta, maternal use can lead to fetal exposure (Alic; 



Raffaeli et al.). Both maternal use of prescription and non-prescription opioid varieties, ranging from 

methadone to codeine to heroin, can precipitate withdrawal in newborns (Alic; Raffaeli et al.). As opioids 

can lead to tolerance and dependence, neonates can experience withdrawal symptoms after birth due to 

cessation of opioid exposure (Jamison and Mao; Mcqueen and Murphy-Oikonen; Alic). Specific 

molecular pathways leading to infant withdrawal, while not fully known, have been proposed to involve 

changes in neurotransmission and opioid receptor levels (Raffaeli et al.). Infant opioid withdrawal is 

termed Neonatal Abstinence Syndrome (NAS), a condition that has increased in incidence by 500% in the 

United States between 2000 and 2017 (Alic).  

NAS is well-documented in medical literature (Mcqueen and Murphy-Oikonen). Dr. Loretta 

Finnegan began to publish some of the first assessments of NAS in the 1970s, which emphasize the 

importance of care and treatment for newborns and their mothers (Mcqueen and Murphy-Oikonen; 

Finnegan). Since then, knowledge of the condition has grown immensely (Mcqueen and Murphy-

Oikonen). However, considering “opioids are the most common illicit substance for which pregnant 

women seek treatment,” research into NAS and its treatment remains critical to promoting public health 

(Sanlorenzo et al.). Specifically, many researchers advocate for the standardization of procedures 

regarding NAS diagnosis and treatment (Mcqueen and Murphy-Oikonen; Sanlorenzo et al.). Neonatal 

Abstinence Syndrome presents many unique considerations, and new research findings continue to 

illuminate the importance of promoting mother and infant bonding (Mcqueen and Murphy-Oikonen).  

Neonatal Abstinence Syndrome displays numerous variable signs and symptoms, generally 

within the first several days of life (Alic; Soraisham). Physical signs include an increased level of nervous 

system and gastrointestinal activity (Sanlorenzo et al.). Neurologically, infants may experience muscle 

tremors, shaking, heightened reflex sensitivity, and seizures (Alic). Vomiting and diarrhea are among 

some of the gastrointestinal symptoms, as well, which can lead to dehydration (Alic; Soraisham). Infants 

experiencing NAS may also present with a fever, and elevated heart and respiratory rates (Alic; 

Soraisham). Irregularities in feeding, sleeping, and weight have also been reported (Alic; Soraisham). 

Infant behavioral indicators of withdrawal can include skin picking, implacable crying, agitation, and 



excessive mouth movement such as sucking motions and yawning (Alic; Soraisham). Skin mottling and 

sneezing are yet additional signs of infant withdrawal (Alic). NAS expression varies widely, and severity 

of associated conditions and symptoms depend largely on the individual case and context (Jansson and 

Patrick). Factors such as genetic differences, comorbid infection, level of prenatal care, maternal stress, 

duration and chemical of exposure can all alter NAS presentation (Alic; Jansson and Patrick). Several 

genetic traits have been associated with NAS severity, including single nucleotide polymorphisms in 

OPRM1 and COMT genes, which code for the mu opioid receptor and catechol-o-methyltransferase 

genes, respectively (Sanlorenzo et al.). In addition to prenatal opioid exposure, maternal use of 

medications such as SSRIs, gabapentin, nicotine, and benzodiazepines has been found to play a role in the 

expression of NAS (Sanlorenzo et al.; Mcqueen and Murphy-Oikonen).  

Diagnosis of neonatal abstinence syndrome is generally reliant on patient history, or infant 

toxicology screens such as urine, hair, or meconium testing (Alic; Mcqueen and Murphy-Oikonen). When 

infants present symptoms indicative of withdrawal, healthcare works can use various assessment systems 

to determine severity and course of action (Jansson and Patrick). NAS diagnostic tools can help 

physicians gauge treatment plans, especially relative to pharmacological intervention strategies (Alic; 

Sanlorenzo et al.; Jansson and Patrick). The Finnegan Abstinence Scoring System and its derivatives are 

widely used and measure the severity of withdrawal symptoms based on observational analysis (Raffaeli 

et al.). However, one 2018 review notes that the Finnegan scoring model may not actually lead to better 

results in cases of NAS (Sanlorenzo et al.). Instead, the study notes promising results from a scale used by 

Grossman et al. in which NAS severity was assessed based on various infant behaviors including 

normalcy of sleeping and feeding (Sanlorenzo et al.). Similarly, one Pediatric Clinics of North America 

review discussed the success of “Eat, Sleep, Console” protocols in limiting hospital stays for infants 

experiencing NAS (Jansson and Patrick). The article also emphasized the importance of maternal 

involvement in treatment decisions (Jansson and Patrick). Overall, many publications note that the tools 

used to evaluate NAS represent an area of neonatal care that can be further improved (Sanlorenzo et al.; 

Mcqueen and Murphy-Oikonen).  



Patient care for infants with Neonatal Abstinence Syndrome can involve pharmacological and 

non-pharmacological interventions (Alic; Jansson and Patrick; Mcqueen and Murphy-Oikonen). 

Management strategies that do not involve medication are deemed “non-pharmacological” interventions, 

which primarily require a safe and calm environment for the neonate (Raffaeli et al.). Treatment involves 

creating a calm atmosphere with minimal sounds and soft lighting for the infants to receive care and 

support throughout the course of the symptoms (Raffaeli et al.). A special emphasis is placed on 

promoting bonding between the mother and child, by receiving care in the same room and breastfeeding, 

when these options are feasible and safe for the mother and infant (Raffaeli et al.). Other ways to promote 

calmness in infants includes music therapy and sensory stimuli such as swaddling, swaying, and holding 

(Alic). Additionally, infants with NAS are very carefully transitioned between states of sleep and 

wakefulness to avoid sudden disruption (Jansson and Patrick). Special care is also taken in feeding, such 

as by using formulas high in calories to promote growth and development (Alic; Raffaeli et al.).  

In addition to the described non-pharmacological treatment methods, pharmacological 

interventions are also employed in the treatment of NAS (Raffaeli et al.). Medical literature reveals that 

opioids, including morphine and methadone, are often used in healthcare settings to mitigate infant 

withdrawal symptoms (Raffaeli et al.). Recent studies, however, suggest buprenorphine treatment to 

improve NAS outcomes (Raffaeli et al.). Raffaeli et al. notes that phenobarbital is used to reduce seizure 

activity, and clonidine is used lessen severity of nervous symptoms, as well (Raffaeli et al). Physicians 

may use pharmacological intervention in addition to nonpharmacological approaches, especially when 

infants present with severe symptoms including seizures (Raffaeli et al.).  

One Neuropathology of Drug Addictions and Substance Misuse publication details the specific 

context of maternal codeine use, noting the immense prevalence of codeine exposure during pregnancy 

(Soraisham). Codeine is often prescribed to pregnant women for its analgesic properties (Soraisham). 

However, fetal exposure to the medication can lead to neonatal abstinence syndrome (Soraisham). 

Particular take-aways include the need for parental education and risk-benefit analysis to ensure that 

patients can decide clearly the course of action they wish to take (Soraisham). Both managing patient pain 



and decreasing risks of potential side-effects for the infant are critical and require thorough consideration; 

hence, the article encouraged counseling options for these situations (Soraisham).   

Infants experiencing Neonatal Abstinence Syndrome require special care and gentle treatment 

(Alic; Soraisham; Raffaeli et al.). Treatment of NAS entails providing a caring, supportive, restful 

environment in which infants can cope and family ties can be nurtured (Alic; Mcqueen and Murphy-

Oikonen). Most notably, recent articles truly encourage bonding between mothers and their babies, as 

research has shown that situations in which both mother and infant have the opportunity to room together 

demonstrate better medical outcomes (Alic; Sanlorenzo et al.). Infants experiencing Neonatal Abstinence 

Syndrome clearly need care, support, patience, and kindness from their caretakers (Alic).   
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Selective Serotonin Reuptake Inhibitors (SSRIs) 

Selective Serotonin Reuptake Inhibitors (SSRIs) emerged as a pharmaceutical therapy for clinical 

depression in the 1980s (Joshi; Hillhouse and Porter; Weitzel and Jiwanlal). SSRIs quickly increased in 

demand, with over 92 million prescriptions in 2000 alone (Weitzel and Jiwanlal). SSRIs include 

fluoxetine, citalopram, escitalopram, fluvoxamine, sertraline, vilazodone, and paroxetine (“Selective 

Serotonin Reuptake Inhibitors (SSRIs) Information”). Selective serotonin reuptake inhibitors function 

mechanistically by increasing the amount of serotonin in neuronal synapses through prevention of 

reuptake processes, though each individual medication may function slightly differently (“Escitalopram”; 

Hiemke and Härtter; “Vilazodone”). For instance, Vilazodone is also known to exhibit partial-agonist 

activity on certain serotonin receptors (“Vilazodone”). Numerous psychiatric conditions are currently 

treated with these medications, such as clinical depression, obsessive-compulsive disorder, eating 

disorders, premenstrual dysphoric disorders, generalized anxiety disorder and bipolar I depression 

(“Vilazodone”; Hiemke and Härtter; “Escitalopram”; “Fluoxetine”). A specific variation of SSRI may be 

preferred for particular cases or conditions (“Escitalopram”; “Vilazodone”; “Fluoxetine.”). Hiemke and 

Härtter note that SSRIs are markedly safer than tricyclic antidepressants due to decreased risk of nervous 



and cardiovascular system toxicity (Hiemke and Härtter). Due to the prevalence of SSRI use, it is 

important to understand the effects and considerations for SSRI use during pregnancy (Weitzel and 

Jiwanlal; “Fluoxetine”; “Citalopram”; Susser et al.).  

On a cellular level, selective serotonin reuptake inhibitors increase the amount of serotonin 

contained in neuronal synapses (“Selective Serotonin Reuptake Inhibitors (SSRIs)”; “Citalopram”). 

SSRIs increase the concentration of serotonin by forming a blockade at reuptake transporters on neuronal 

membranes (“Selective Serotonin Reuptake Inhibitors (SSRIs)”; Hiemke and Härtter). These transporters 

usually function to intake serotonin from the synaptic cleft and return the neurotransmitters to the 

presynaptic neuron (Hensler). When this action is blocked, such as by SSRIs, serotonin remains in the 

synapse (Ciccarelli and White 54). SSRIs selectively prohibit serotonin reuptake, minimally interfering 

with other neurotransmitters such as dopamine or norepinephrine (Hiemke and Härtter). Different SSRIs 

display a different degree of selectivity, however (Hiemke and Härtter). For instance, Paroxetine and 

Sertraline are known to impact acetylcholine and dopamine receptors, respectively, as well as inhibit 

serotonin reuptake (Hiemke and Härtter). The method by which SSRIs exert antidepressant effects has not 

yet been clearly defined, though the “monoaminergic hypothesis of depression” proposes that SSRIs 

lessen depressive symptoms by altering dysregulated norepinephrine and serotonin signaling in those with 

depression (Joshi; “Fluoxetine”). 

Though substance use disorders arising from prescription medication is not uncommon, SSRI 

dependency is rare (Evans and Sullivan). According to a 2014 review, literature regarding SSRI use 

disorders are exceedingly scarce, with only seven case reports detailing misuse of fluoxetine (Evans and 

Sullivan). Reasons for misuse included psychological effect and hunger suppression (Evans and 

Sullivan). Overall, data shows that SSRI dependency is very infrequent (Evans and Sullivan). However, 

exposure to SSRI antidepressants has been found to alter neuroanatomy and brain activity and structure 

(Dusi et al.; Bellani et al.). Several studies report citalopram to decrease amygdala activity and reboxetine 

to increase amygdala activity in healthy subjects (Bellani et al.). In subjects with major depressive 

disorder, fluoxetine was found to increase the metabolism of certain brain regions, including parts of the 



frontal cortex, when compared to placebo controls (Bellani et al.). Numerous other studies found that 

participants demonstrated altered brain activity patterns, as observed through fMRI tests, PET scans, and 

other biometric techniques, after taking SSRI medications over varying lengths of time (Bellani et al.). 

The results found in these studies demonstrate not only different aspects of SSRI biochemistry, but also 

the intricacies involved in human brain function (Bellani et al.).   

As evidenced by the brain studies, selective serotonin reuptake inhibitors can induce biological 

changes in individuals who take these medications (Bellani et al.). After stopping long-term medication 

use, physiological processes in the body must readjust to new chemical conditions, which can potentially 

lead to withdrawal symptoms (Ciccarelli and White 161-162). Cessation of SSRI use can lead to 

“Discontinuation Syndrome,” the clinical diagnosis for SSRI-induced withdrawal symptoms (Horowitz 

and Taylor). Symptoms can mimic those indicative of the initial condition, such as anxiety or depression, 

and therefore may go unrecognized or prompt the resumption of medication use (Horowitz and Taylor). 

However, physicians can use different criteria to distinguish between withdrawal and development or 

resumption of a psychiatric condition, including manifestation of physical symptoms and timing of 

condition appearance (Horowitz and Taylor). Symptoms of Discontinuation Syndrome range in severity 

and can present in numerous different ways (Horowitz and Taylor). Physical, mental, and sensory 

symptoms may occur (Horowitz and Taylor; Jha et al.). Physical symptoms include increased heart rate 

and blood pressure, fatigue, headache, gastrointestinal irregularities, loss of balance, dizziness, and 

diaphoresis (Horowitz and Taylor; Jha et al.). Mental withdrawal effects have been reported to include 

sadness, stress, anxiety, and confusion (Horowitz and Taylor). Withdrawal can also manifest through 

crying, loss of appetite, sleep disturbances, as well as alterations to perception, such as “shock-like 

sensations” (Horowitz and Taylor). “Discontinuation Syndrome” is thought to result from adjustment to 

both decreased serotonin levels and decreased production of nervous system pathway proteins after 

reuptake is no longer inhibited (Jha et al.). Though different articles present disparate rates of 

discontinuation syndrome, one 2019 study found that, on average, about half of SSRI users experience a 

form of withdrawal (Horowitz and Taylor). 



As selective serotonin reuptake inhibitors can induce discontinuation syndrome in adults, 

neonates born after prolonged in-utero exposure to SSRIs may also experience withdrawal effects 

(Alehan et al.). One 2008 case study reported that a newborn experienced withdrawal-like symptoms 

including increased muscle tone and tension, after prenatal fluoxetine exposure (Alehan et al.). After 

ruling out numerous other potential underlying causes, including genetic and infectious conditions, the 

physicians attributed abnormal neonatal presentation to fluoxetine withdrawal (Alehan et al.). Symptoms 

were severe and long-lasting, requiring treatment at the neonatal intensive care unit (NICU) for over a 

month (Alehan et al.). The physicians supported the infant’s diagnosis of fluoxetine withdrawal with 

information from medical literature detailing neonatal symptoms associated with SSRI use during 

pregnancy (Alehan et al.). Documented neonatal symptoms include muscle movement irregularities, such 

as “tremor, hypertonicity… shivering, restlessness, and convulsions,” and behavioral irregularities related 

to crying and eating patterns (Alehan et al.). However, these symptoms do not conclusively result from 

either fluoxetine withdrawal or serotonin toxicity, two similarly presenting conditions (Alehan et al.; 

Koren and Nordeng). Since the infant did not present with a high fever characteristic of toxicity, the 

authors suppose that the condition represented a withdrawal syndrome (Alehan et al.). The study 

concludes by urging healthcare workers to be prepared for neonatal symptoms subsequent to maternal 

SSRI exposure (Alehan et al.). 

In addition to the case study, numerous articles detail the occurrence of withdrawal-like 

symptoms in neonates after prenatal SSRI exposure (Alehan et al.; Koren and Nordeng; Ornoy). Due to 

the high prevalence of depression in reproductive-age women, SSRI use during pregnancy is widespread 

and necessitates consideration of potential risks (Koren and Nordeng; Susser et al.). Infants can 

experience “Neonatal Adaptation Syndrome,” the clinical condition of neonatal symptoms after in utero 

SSRI exposure (Koren and Nordeng; “Perinatal Services BC”). This condition has been found to affect up 

to 30% of neonates exposed in-utero (Koren and Nordeng). Prenatal SSRI use has been associated with 

more severe neonatal adaptation symptoms when the exposure occurs during later stages of pregnancy 

(Moulsdale and Hermann). Selective norepinephrine reuptake inhibitor (SNRI) exposure has been found 



to incite effects analogous to those resulting from SSRIs (Koren and Nordeng; Moulsdale and Hermann). 

Though some literature attributes the condition to SSRI withdrawal, data also suggests that neonatal 

adaptation symptoms may result from overexcitation of serotonin pathways (“Perinatal Services BC”; 

Moulsdale and Hermann). 

Infants experiencing Neonatal Adaptation Syndrome may present with respiratory failure, thus 

researchers emphasize the importance of monitoring potentially exposed infants (Koren and Nordeng). 

Other descriptions of neonatal symptoms after SSRI exposure align with the Alehan et al. case study, 

including neurological symptoms, homeostatic irregularities, irregular feeding, and muscle tremors or 

convulsions (Alehan et al.; Moulsdale and Hermann). Neonates have also reportedly experienced 

seizures, irregular sleeping, digestion problems, and low blood glucose levels (Moulsdale and Hermann). 

Despite potentially severe respiratory issues, neonates with adaptation symptoms generally spend less 

than a week in the neonatal intensive care unit (NICU) (Koren and Nordeng). One 2014 study found that 

only 3% of exposed neonates experienced severe withdrawal symptoms based on the Finnegan scoring 

(Forsberg et al.). However, the study found irregularly low blood sugar levels to remain a common 

concern for infants prenatally exposed to SSRIs (Forsberg et al.). In general, Neonatal Adaptation 

Syndrome manifests without severe symptoms and resolves within several days to weeks (Moulsdale and 

Hermann; Susser et al.). In fact, as of 2013, no infant deaths had been reported due to neonatal adaptation 

syndrome (“Perinatal Services BC”). 

Currently, care for neonates with the potential to develop Neonatal Adaptation Syndrome 

involves careful monitoring and symptom evaluation (“Perinatal Services BC”). If symptoms appear, 

some management strategies include environmental regulation and treatment in the NICU if needed 

(“Perinatal Services BC”). Relaxing, calming environmental conditions with minimal light and sound 

stimulation are used to ease symptoms (“Perinatal Services BC”). According to Perinatal Services BC, 

severe symptoms, including respiratory failure, may require intervention in the NICU (Perinatal Services 

BC”). Neonatal care also encompasses education of families regarding the potential effects of in utero 

SSRI/SNRI exposure (“Perinatal Services BC”). Despite potential neonatal symptoms, several sources 



argue that continuation of SSRI/SNRI treatment may be the best treatment option for some patients 

(Koren and Nordeng; “Perinatal Services BC”). Considering unmanaged depression or other 

psychological conditions can also lead to complications for both the mother and the neonate, SSRI/SNRI 

use during pregnancy may be indicated in certain circumstances (Koren and Nordeng; Perinatal Services 

BC). Thus, physicians and their patients must carefully consider potential options and weigh potential 

positive and negative ramifications of all treatment routes (Koren and Nordeng; “Perinatal Services BC”).  
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Nicotine 

Nicotine is a well-known addictive compound innately produced by the tobacco plant (“Nicotine” 

[PubChem Database]; “Cigarettes”). Nicotine can be introduced to the body through inhalation of smoke 

or snuff, physical contact with a patch, or oral absorption from gum or chew (“Nicotine” [PubChem 

Database]; “Nicotine” [DrugBank]; “Cigarettes”; Kuhn, et al. 216-218). In addition to tobacco-related 

nicotine exposure (such as cigarettes, cigars, and chewing tobacco), vape and e-cigarette devices use an 

electric heater to deliver nicotine in a vaporized, tobaccoless smoke (Breland et al.; Kuhn, et al. 232; 



Devito and Krishnan-Sarin). In all its multitudinous forms, nicotine can become physiologically and 

psychologically addictive, leading to cravings, withdrawal, and disruption in everyday life (Kuhn, et al. 

232; West). A 2006 study by Hughes et al. even concluded that, though many who use nicotine are not 

considered dependent, “nicotine dependence is one of the most common mental disorders” as defined by 

both the Diagnostic and Statistical Manual (DSM) and the International Classification of Diseases (ICD) 

(Hughes et al.). Yearly, only three smoking cessation efforts are successful for every 100 individuals who 

smoke nicotine-containing tobacco products (Benowitz). Considering its prevalence and potential 

deleterious consequences, nicotine dependence proves to be a widespread health concern (Jackson, et al.). 

Nicotine both increases activity of the central nervous system and induces subjective feelings of 

reward (“Nicotine” [PubChem Database]; “Nicotine” [DrugBank]). Nicotine binds to specific nicotinic 

cholinergic receptors in the brain, inducing an action potential that leads to release of the neurotransmitter 

dopamine (“Nicotine” [DrugBank]; Benowitz). Dopamine signaling is known to promote feelings of 

satisfaction, playing a role in dependence and habit formation (“Nicotine” [DrugBank]; Benowitz). 

Though the nicotinic cholinergic pathway is typically initiated by acetylcholine, Nicotine can act as an 

agonist to promote dopamine signaling (Benowitz; “Nicotine” [DrugBank]). Nicotine-induced feelings of 

reward and gratification are thought to arise through limbic system pathways, particularly 

intercommunication between the ventral tegmental area (VTA) and the nucleus accumbens (NA) (Nestle; 

Benowitz). Since both brain regions are associated with pleasure and motivation, this pathway influences 

perceived reward after drug exposure (Benowitz). Nicotine can also influence release of other 

neurotransmitters and hormones, such as GABA and glutamate (Benowitz). Nicotine thus can exert 

numerous physiological and psychological effects (Benowitz).  

Prolonged nicotine exposure can alter neurobiology (Benowitz). Dopamine and GABA signaling 

in the brain have been found to undergo various changes after continued nicotine use (Benowitz). In 

particular, certain receptors can become “desensitized” to the agonistic activity of nicotine when high 

quantities are continually supplied to cells (Benowitz). In response to desensitization, neurons increase 

expression of these receptors (Benowitz; Govind et al.). When nicotine is no longer supplied, for instance 



from smoking cessation, the receptors regain sensitivity (Benowitz). When nicotine is unavailable, vacant 

receptors can lead to withdrawal symptoms and thus may contribute to tolerance and dependence 

(Benowitz). Additionally, nicotine is known to alter signaling in the amygdala in animal models (Huang, 

et al.). Though nicotine amplifies addiction-related dopamine signaling in the mesolimbic portion of the 

brain, the chemical is thought to be less addictive than other substances due to its concurrent effect on 

inhibitory neurotransmission through the neurotransmitter GABA (Picciotto and Mineur; Benowitz). 

Overall, the biochemical effects of nicotine use are thought to lead to development of substance 

dependence, as well as induce withdrawal symptoms after cessation of use (Benowitz; Picciotto and 

Mineur).  

Nicotine withdrawal symptoms can manifest physically, behaviorally, and mentally (McLaughlin 

et al.; Jackson et al.). Certain symptoms may involve emotional changes, such as elevated stress levels, 

inability to feel pleasure, and increased pain sensitivity (Benowitz; McLaughlin et al.). Feelings of anger 

and depression are also common (Picciotto and Mineur; Benowitz; McLaughlin et al.). Physical 

symptoms can include musculoskeletal and gastrointestinal disturbances, as well as decreased heartrate 

(McLaughlin et al.). Nicotine withdrawal can also induce changes to mental state, including difficulty 

with focus, sleep, or rest (McLaughlin et al.). According to studies, when withdrawal symptoms emerge, 

physical and mental discomfort often prompts resumption of substance use (Benowitz; Jackson et al.). 

Social and psychological signals may also lead to continued use (Benowitz). For instance, social 

situations may incite memories related to nicotine exposure (Benowitz). Notably, nicotine withdrawal can 

present differently, in symptoms and severity, depending on the individual (Jackson; McLaughlin et al.).   

Since nicotine has been shown to elicit withdrawal symptoms in adults, studies have investigated 

potential withdrawal effects in infants after prenatal exposure (Godding et al.; Hurt et al.). Embryonic 

development of nicotinic cholinergic receptors, as well as nicotine’s ability to cross the placenta, have 

been cited as two ways that nicotine may potentially impact the developing fetus, though effects are not 

entirely known (Godding et al; Frøisland). Additionally, in-utero exposure has been found to induce fetal 

blood nicotine levels higher than corresponding maternal levels (Godding et al; Frøisland). Though there 



are varying conclusions related to the existence of an infant nicotine withdrawal syndrome, several 

studies do support the potential for such a syndrome (Stroud et al.; Vagnarelli et al.; Godding et al.).   

Studies have aimed to determine the legitimacy of an infant withdrawal syndrome as a result of 

prenatal nicotine exposure (Godding et al.). One such study by Godding et al. compared presentation of 

two parallel groups of infants: one group prenatally exposed and one group unexposed to nicotine 

(Godding et al.). Neurological function, including arousal, muscle tone, reflex response, and movement 

were assessed for both groups and compared (Godding et al.). The healthcare team also evaluated 

withdrawal symptoms for all infants using Finnegan Scoring (Godding et al.). The study found 

statistically significant differences in neurological development between the groups on the first, second, 

and fifth day after birth (Godding et al.). Though the exposed group demonstrated lower neurological 

scores on these days, the group’s scores did increase as the study progressed (Godding et al). Moreover, 

withdrawal scores on the first, second, and fourth days after birth were found to be significantly higher in 

exposed vs unexposed infants (Godding et al.). The researchers ultimately found that “withdrawal 

symptoms occur in newborns exposed to heavy maternal smoking during pregnancy” (Godding et al.). 

Another study also monitored infants prenatally exposed to nicotine, but observed infants within the 

timeframe of 10 to 27 days after birth (Stroud et al.).  The Journal of Pediatrics study by Stroud et al. 

observed nervous system and behavioral development in exposed infants and parallel matched unexposed 

infants (Stroud et al.). Though the study found differences in neurobehavioral presentation between the 

two groups, the study did not find withdrawal-like symptoms in these infants (Stroud et al.). Researchers 

noted that, since the study observed infants over a week after birth, absence of withdrawal symptoms may 

support previous studies’ proposals of neonatal nicotine withdrawal (Stroud et al.). Both the Godding et 

al. and Stroud et al. studies were relatively small, with less than 40 and less 60 total infants, respectively 

(Godding et al.; Stroud et al.).  

In addition to prenatal nicotine exposure via maternal smoking, exposure can also occur through 

maternal use of Iqmik (Hurt et al.). Iqmik is “a mixture of leaf tobacco and ash,” that has also been 

implicated in neonatal withdrawal symptoms (Hurt et al.). A 2005 study by Hurt et al. found cord tissue 



samples after Iqmik exposure to have an almost twofold increase nicotine and cotinine concentrations 

when compared to cord samples after exposure to other tobacco products (Hurt et al.). Cotinine, a 

byproduct of the body’s nicotine metabolism, is used to estimate nicotine exposure in humans (“Cotinine 

Factsheet”). After assessing Lipsitz withdrawal scores of infants exposed to Iqmik, infants exposed to 

other forms of tobacco, and unexposed infants, researchers concluded that neurobehavioral symptoms 

were found in both tobacco-exposed groups (Hurt et al.). Limitations of the study, such as the non-

double-blind structure, may have skewed or hindered results (Hurt et al.). Additionally, the study did not 

find a positive correlation between symptom severity and nicotine dosage, leading the authors to neither 

confirm nor deny a true withdrawal syndrome (Hurt et al.).  

Infant neurobehavioral symptoms subsequent to prenatal nicotine exposure have also been 

documented in several case studies (Vagnarelli et al.; Frøisland). In one case, an infant began to exhibit 

withdrawal-like symptoms two days after birth (Vagnarelli et al.). The infant displayed nervous and 

muscular system symptoms, such as tremors and spasms (Vagnarelli et al.). The infant also presented 

with increased excitability and crying (Vagnarelli et al.). After blood and tissue sampling laboratory tests, 

including exams to test nervous system functioning, physicians found no underlying pathologies 

(Vagnarelli et al.). The only abnormal finding was significantly increased cotinine levels in breast milk 

after delivery, and hair samples of both the mother and child (Vagnarelli et al.). High levels of cotinine 

indicated consistent nicotine exposure during both the prenatal and perinatal periods (Vagnarelli et al.). 

Vagnarelli et al. estimated an intake of about 30-40 cigarettes per day during pregnancy, based on 

nicotine and cotinine concentration data from previous studies (Vagnarelli et al.). After two weeks of 

hospital surveillance and care, the infant was able to return home (Vagnarelli et al.). The infant 

experienced “residual rare tremors” for several weeks after birth, though other aspects of development 

progressed normally (Vagnarelli et al.). The study attributed varying levels of nicotine in breast milk, as a 

result of smoking cessation attempts, to contribute to the infant’s withdrawal symptoms (Vagnarelli et 

al.). In a similar 2017 case study, an infant presented with an implacable cry, increased muscle tone, and 

hypersensitivity to auditory and visual stimuli (Frøisland). Laboratory tests revealed no abnormal results, 



except for high nicotine and cotinine levels in infant tissue samples (Frøisland). The infant’s symptoms 

were attributed to withdrawal after prenatal exposure to nicotine (Frøisland). The mother reported using 

‘snus,’ a form of oral nicotine, over ten times daily during gestation, leading to fetal exposure (Frøisland). 

The study emphasized the importance of educating individuals about nicotine during pregnancy, 

particularly non-smoking methods of exposure (Frøisland). 

Several commonalities emerge throughout the varying studies of neonatal withdrawal. Firstly, 

studies tend to utilize the Finnegan Withdrawal Score, or the Lipsitz Scale, both of which are based on 

assessment of opiate withdrawal (Vagnarelli et al.; Godding et al.; Hurt et al.; Frøisland). This presents a 

potential issue in assessing other types of substance withdrawal (Hurt et al.; Vagnarelli et al.). One study 

recommended the use of both an “acoustic cry analysis” and NNNS, the NICU Network Neurobehavioral 

Scale (NNNS) which assesses nervous system function in newborns, to more accurately define 

withdrawal symptoms in cases of neonatal exposure (Hurt et al.; “NICU Network Neurobehavioral”). The 

judgement criteria for withdrawal symptoms is important for accurate assessment of patient condition 

(Hurt et al.; Vagnarelli et al.). 

Studies have demonstrated different neurobehavioral presentation in infants prenatally exposed to 

nicotine than unexposed infants (Hurt et al.; Godding et al.). While some articles note these differences as 

evidence of a withdrawal syndrome, others hesitate to define the symptoms as withdrawal (Vagnarelli et 

al.; Godding et al.; Hurt et al.). It has been noted, however, that prenatal nicotine exposure does not 

present as clinically severe as other withdrawal syndromes such as those induced by in utero opioid 

exposure (Godding et al.). Research presented by the Godding et al. study sheds new light on the issue, 

since the authors concluded that “data strongly suggest that nicotine withdrawal symptoms, even discrete, 

are present in newborns of [heavy smoker] mothers” (Godding et al.). Overall, nicotine use during 

pregnancy presents many unique considerations that should be thoroughly studied and compassionately 

addressed (Hurt et al.; “Smoking, Pregnancy, and Babies”). 
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Cocaine and Crack-Cocaine 

Cocaine is a chemical derived from the coca plant that acts to stimulate the nervous system 

(“Cocaine” [NIDA]; “Cocaine” [DrugBank]; Kuhn, et al. 286). The substance has documented use in 

medical practice as an anesthetic and in recreational settings to increase alertness, pleasure, and energy 

level (“Cocaine” [DrugBank]); “Cocaine” [NIDA]). Cocaine is generally inhaled as a crushed powder, 

intravenously injected as a solution, absorbed through oral tissue, or smoked in the form of ‘crack’-- a 

“rock crystal” form of the substance (“Cocaine” [NIDA]). Behavioral and psychological effects of cocaine 

vary significantly, resulting in mood changes from increased pleasure to frustration, paranoia and anger 

(“Cocaine” [NIDA]). In 2014 alone, about 18 million people worldwide used a form of cocaine (Butler, et 

al.). One Drug and Alcohol Dependence article even estimated that 7.4 million individuals had a form of 

cocaine-use disorder in 2013 (Butler, et al.). In the United States, a recent increase in cocaine use has 

been suggested based on survey data, drug export information, and rate of cocaine-related death (John and 



Wu). Cocaine exposure can lead to severe effects including strokes, seizures, cardiovascular damage and 

death (Salem Health). 

 Cocaine produces a reward response in the brain by influencing communication between the 

ventral tegmental area (VTA) and nucleus accumbens (NA), two brain regions involved in reward, 

motivation, and behavior (Cooper et al.; Scofield et al.). Mechanistically, cocaine increases nervous 

system activity by inhibiting neuronal reuptake of dopamine (Sherwood 90). Reuptake inhibition causes 

dopamine accumulation in the synapse, increasing neuron firing (Sherwood 90). Cocaine-induced 

dopamine signaling to the NA reinforces behaviors by producing feelings of reward (Cooper et al.). 

Cooper et al. explains that the activity of this brain circuit is thought to incite continued use of the 

pleasurable stimulus (cocaine), despite concurrent harmful outcomes (Cooper et al.).  

Not only does cocaine induce immediate effects, but prolonged cocaine use can also alter 

neurological function (Cooper et al.; Sherwood 90). Biologically, consistent provocation of the dopamine 

pathway can lead to receptor downregulation, the underlying mechanism of tolerance (Sherwood 90). 

Cocaine has also been shown to alter the cellular communication through changes to growth factor, 

GTPase, glutamate, and brain-derived neurotrophic factor signaling (Cooper et al). Additionally, cocaine 

can restructure pleasure pathways in the brain through neuroplasticity, the ability of neuronal pathways to 

adjust to stimuli, which may be involved in the development of cocaine use disorder (Cooper et al.; 

Shaffer). Specific neurons in the NA also create “silent synapses”, which indicates a shift in receptor 

expression; cocaine withdrawal is associated with reversal of this shift, and subsequent desire for 

continued drug use (Cooper et al.). This process is thought to play a role in withdrawal (Cooper et al.).  

After prolonged cocaine exposure, cessation of use can lead to a state of withdrawal (Sofuoglu et 

al.). Withdrawal symptoms can present both psychologically and physiologically (Sofuoglu et al.).  

Psychological symptoms include depression, disrupted sleep, and other mood changes such as frustration 

(Sofuoglu et al.). Lethargy, hunger, and changes to cognitive-motor function can also result (Sofuoglu et 

al.). Cocaine withdrawal often leads to depression, which is attributed to drug-induced alteration of 

norepinephrine, dopamine, and serotonin signaling (Sofuoglu et al.). Strong cravings for cocaine also tend 



to accompany withdrawal symptoms (Sofuoglu et al.). Symptom severity can vary depending on the 

individual (Sofuoglu et al.).  

According to a 1998 Pediatrics publication, neurobehavioral symptoms in infants after maternal 

cocaine exposure were attributed to the direct effects of cocaine, as opposed to substance withdrawal 

(Committee on Drugs). The article noted symptom timing to support this notion (Committee on Drugs). 

Since prenatal cocaine exposure has been linked to neurological and behavioral symptoms in newborns, 

withdrawal scales have been used to measure severity (Committee on Drugs). However, one study noted 

that score differences between infants prenatally exposed and unexposed to cocaine were only found in 

non-blinded studies, indicating potential assessment bias (Committee on Drugs). Furthermore, a 1995 

study found that both unexposed and cocaine-exposed newborns scored similarly on several nervous 

system metrics, but differently on behavioral scales (King et al). Infants with prenatal exposure were 

found to have heightened reflex responses, increased sucking motions, and more “jitteriness” than 

unexposed newborns, though no differences in medical intervention were needed between groups (King et 

al.). On the basis of these behavioral differences, the study did not rule out the possibility of a neonatal 

cocaine withdrawal (King et al.). Notably, the study was structured so all evaluators were blinded to 

infant exposure status (King et al). One 1990 publication discusses symptoms of intrauterine cocaine 

exposure including abnormal feeding, irritability, and altered patterns of sleep (Hansen). 

More recently, a 2005 meta-analysis from the Archives of Gynecology and Obstetrics, analyzed 

various health concerns related to intrauterine cocaine exposure (dos Santos et al.). The study noted that 

cocaine and its related products (i.e. crack-cocaine) can reach the fetus during development through 

placental exposure (dos Santos et al.). Additionally, the review discussed agitation, emesis, elevated 

temperature, and seizures as common symptoms in newborns exposed to cocaine in utero (dos Santos et 

al.). The authors posit that these symptoms align with cocaine withdrawal effects and altered 

neurotransmission (dos Santos et al.).  

One analysis assessed the impact of cocaine on infant behavior during early days of life (Eyler et 

al.). The researchers investigated inconsistencies in previous literature regarding whether neurobehavioral 



differences in infants prenatally exposed to cocaine result from direct substance toxicity, withdrawal after 

birth, or long-term consequences of intrauterine cocaine exposure (Eyler et al.). Each potential effect is 

carefully defined: “acute toxicity” refers to the direct effect of cocaine on the newborn, “withdrawal 

effects” refer to symptoms that arise from cessation of substance exposure after birth, and “nontransient” 

effects refer to long-term differences in various neurobehavioral metrics as a result of prenatal substance 

exposure (Eyler et al.). By comparing infant urine concentration of cocaine metabolites, timing after birth, 

and symptomatic presentation, the researchers assessed how cocaine exposure related to infant symptoms 

(Eyler et al.). Infants were observed for reflex response, muscle movement, and ability to self-regulate 

among other neurobehavioral criteria (Eyler et al.). The study did not find definitive evidence for “acute 

toxicity,” or “withdrawal effects” (Eyler et al.). Though data revealed that prenatal cocaine exposure 

impacts infant neurological and behavioral presentation, symptoms could not be attributed to any specific 

effect category (Eyler et al.). 

Overall, prenatal cocaine exposure can induce a variety of conditions after birth, including 

neurological symptoms such as seizures, irritability, and heightened reflex responses (dos Santos et al.; 

King et al.). Though some articles attribute these symptoms to a likely withdrawal syndrome, others claim 

the effects may result from the direct effect of cocaine remaining in the infant’s body (dos Santos et al.; 

Committee on Drugs; Eyler et al.). More research regarding neonatal cocaine exposure is therefore 

needed to address these points of difference (Eyler et al.). 
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Amphetamines and Methamphetamine 

Amphetamine and related compounds stimulate the central nervous, leading to increased energy 

level, concentration, and attentiveness (Drugs of Abuse; “Metamfetamine”; Kuhn et al. 297). Types of 

amphetamines include dextroamphetamine, methamphetamine, and others (Drugs of Abuse; 

“Metamfetamine”). Administration of amphetamines typically occurs in the form of pills that are ingested 

or powder that is dissolved and subsequently injected (Drugs of Abuse; Shannon 213). Methamphetamine 

can also be inhaled as powder or smoked as “ice,” a crystal form of the substance (Shannon 213; Drugs of 

Abuse). While methamphetamine can have legal uses in medicine, the substance is commonly used in 

illegal contexts (Shannon 213; Drugs of Abuse). Amphetamine has a complex history (“Amphetamine”; 

Heal et al.). Today, the substance is prescribed for pharmacological treatment of attention deficit 

hyperactivity disorder (ADHD) and narcolepsy, among other conditions (Kuhn et al. 297; 



“Amphetamine”). Dextroamphetamine, an active ingredient in Adderall, is an amphetamine variation also 

used in ADHD treatment (Drugs of Abuse; “Dextroamphetamine”). Due to central nervous system effects, 

amphetamine and related substances can result in tachycardia, hypertension, increased body temperature, 

sleeping difficulties, and eventual profound lack of energy (Shannon; Drugs of Abuse).  

Amphetamine structurally resembles catecholamines, such as norepinephrine, endogenously 

synthesized by the body (Heal et al.). Amphetamines activate sympathetic nervous activity through 

several different molecular mechanisms, all which increase the availability of neurotransmitters in the 

synaptic cleft (Heal et al.). Firstly, amphetamine enters the cells through monoamine reuptake 

transporters, increasing neurotransmitter presence in the synapse (Heal et al.; Stix). Once in the cell, the 

molecule alters the functionality of neurotransmitter reuptake machinery, resulting in increased cellular 

excretion of dopamine and other neurotransmitters into the synaptic cleft (Heal et al.; Stix). 

Amphetamines can also act to inhibit the reuptake machinery and the enzyme MAO involved in chemical 

breakdown, both of which result in higher levels of neurotransmitters in the neuronal synapse (Heal et 

al.). Through these processes, amphetamine increases norepinephrine and dopamine signaling in the brain 

(Heal et al.). Amphetamines lead to increased dopamine signaling, particularly in the mesolimbic pathway 

of the brain, inciting subjective feelings of reward (Adinoff). Methamphetamine is structurally similar to 

amphetamine, with an additional methyl group that enhances the chemical’s effects (Zorick et al.).  

Prolonged amphetamine exposure has been linked to numerous neurological differences (Chang 

et al.; Harro). Altered neurotransmission, specifically dopamine and serotonin signaling processes, occurs 

with continued use of amphetamines (Chang et al.). One article by Chang et al. found fewer dopamine D2 

receptors in the brains of those exposed to methamphetamines, which the authors noted as potentially 

indicative of methamphetamine-mediated alterations to neurotransmission, though this remains uncertain 

(Chang et al.). Additionally, the study revealed structural differences within the brains of individuals 

chronically exposed to amphetamines (Chang et al.). MRI and PET imaging technology displayed a 

notable change in striatum size, as well as a decrease in certain metabolite (N-acetylaparate and creatine) 

levels in those with long-term methamphetamine exposure (Chang et al.). The article notes “increasing 



evidence of the involvement of the dorsal striatum in addiction,” providing one aspect in which the 

differences in brain structure and metabolism detected in the study may coincide with formation of a 

substance use disorder (Chang et al.). Other documented brain changes include restructuring of the 

prefrontal cortex and the corpus callosum, as well as altered interneural communication (Oei et al.).  

Amphetamine withdrawal occurs in about 87% of individuals after cessation of persistent use 

(Management of Substance). Symptoms include emotional, physical, and mental disturbances: frustration, 

irritability, lethargy, strong desire to continue drug use, sleep pattern disruptions or excessive desire for 

sleep, upsetting dreams and increased hunger (Harro; Management of Substance; Zorick et 

al.).  Anhedonia, anxiety, and depression are among the psychological symptoms of withdrawal 

(Management of Substance). Though symptom severity fluctuates between individuals, amphetamine 

withdrawal is generally not considered to be life-threatening (Zorick et al.; Harro). In cases of 

methamphetamine withdrawal, some psychological effects may persist for several days, whereas 

substance cravings have been found to continue for over a month (Zorick et al.).  

Since amphetamine use occurs in numerous contexts, prenatal exposure may vary significantly 

depending on the situation (Oei et al.). Expectant mothers may use amphetamines therapeutically or 

recreationally (Oei et al.). However, of the varying methods of exposure, “the major concern… is about 

those who use illegal forms of amphetamines,” according to a 2012 Nature article (Oei et al.). Heightened 

concern is credited, in part, to coexisting prenatal health concerns common in cases of illicit amphetamine 

use, including potentially unsafe habitation and inadequate medical care during pregnancy (Oei et al.). 

Since maternal amphetamine use has increased, it is important to gather research regarding the effects of 

in utero amphetamine exposure on newborns (Oei et al.; Smith et al.). However, publications note limited 

research regarding different aspects of methamphetamine use disorders during pregnancy (Wells et al.; 

Oei et al.; Smith et al.).  

Fetal exposure to maternal amphetamine occurs through placental exchange (Oei et al.). Level of 

exposure can be determined by the amount of breakdown products measured “in the umbilical cord, the 

placenta, or the amniotic fluid” (Oei et al.). According to Oei et al., amphetamine-specific withdrawal 



scoring systems have not yet been delineated; thus, infants undergoing amphetamine withdrawal may not 

be properly diagnosed, which could prevent adequate patient care (Oei et al.). Similar to adult withdrawal 

symptoms, amphetamine-exposed neonates have been shown to exhibit fatigue, as well as sleep and 

feeding irregularities (Harro; Oei et al.). Rapid respiratory rate and irritability are other symptoms 

identified subsequent to in-utero exposure (Oei et al.). After prenatal methamphetamine exposure, infants 

can also present with neurobehavioral symptoms including decreased activity level, decreased motor 

function, and increased stress (Oei et al.). Where some reports have not explicitly defined symptoms as 

resulting from withdrawal, others have specifically noted neonatal “withdrawal symptoms” (Wouldes and 

Lester; “Chapter 3”; Oei et al.).  

Importantly, several studies found that neonatal symptoms after amphetamine exposure were 

generally treatable (Oei et al.; Smith et al).  For instance, in a study of 173 infants exposed to 

amphetamines in utero, “none of the amphetamine-exposed infants required pharmacological treatment 

and most recovered within 1 week” (Oei et al.). A 2003 study in the Journal of Developmental & 

Behavioral Pediatrics found similar results, since only 1 of every 25 exposed infants needed medication 

to treat their symptoms (Smith et al.). In this study, methamphetamine-exposed and unexposed infants 

were matched, and various neurobehavioral symptoms were compared, including infant muscle 

movement, lacrimation, perspiration, respiration, and feeding (Smith et al.). Though only a small 

proportion of infants experienced symptoms of significant withdrawal, the study did not entirely reject a 

withdrawal syndrome altogether (Smith et al.). Studies have shown neurobehavioral effects in infants 

prenatally exposed to methamphetamine, potentially related to neurotoxicity or withdrawal (Smith et al.; 

Oei et al.).   

Overall, methamphetamine and amphetamine use during pregnancy may present special 

considerations for newborns (Oei et al). Symptomatic presentation in infants has not been definitively 

characterized as a withdrawal syndrome in all publications, however, several studies do attribute neonatal 

effects to potential amphetamine withdrawal (Wouldes and Lester; Smith et al; “Chapter 3”; Oei et 



al.). Many researchers note the importance of continuing research in this area to more thoroughly 

understand the biology involved in maternal amphetamine use (Oei et al.; Wells et al.).  
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Conclusion  

 Prenatal substance exposure is a multifaceted aspect of healthcare (Raffaeli et al.). Infants 

exposed to different substances in utero may experience withdrawal effects after birth, manifesting in 

various ways including irregular sleeping, feeding, and muscle movements, among other symptoms 

(“Substance Use in Women”). Though Neonatal Abstinence Syndrome resulting from opioid exposure 

remains at the forefront of the conversation surrounding withdrawal symptoms in newborns, some 

evidence suggests that similar syndromes may result from prenatal exposure to other substances 

(“Substance Use in Women”). Infant withdrawal effects from nonopioid substances have been studied, 

but different research has been found to reach incongruent or ambiguous verdicts regarding the 

underlying mechanistic cause of symptoms (Koren and Nordeng; Hurt et al.; Eyler et al; Smith et al.). For 

instance, selective serotonin reuptake inhibitors (SSRIs) have been found to induce Neonatal Adaptation 

Syndrome, a condition which has been attributed to SSRI withdrawal in some research, and serotonin 

toxicity in other studies (Koren and Nordeng; “Perinatal Services BC”). Nicotine has also been shown to 

precipitate neurobehavioral symptoms in infants after birth, though different researchers have found 



varying results regarding a specific withdrawal syndrome (Godding et al.). Research related to infant 

withdrawal after in utero cocaine exposure also varies, with some authors suggesting a withdrawal-like 

syndrome, and others attributing effects directly to drug toxicity (dos Santos et al; Committee on Drugs). 

Likewise, methamphetamine and amphetamine exposure during pregnancy has been shown to produce 

symptoms in newborns, with some publications discussing these symptoms as a true “withdrawal” 

syndrome, and others remaining less certain (Oei et al.; “Chapter 3”; Wouldes and Lester). Therefore, 

much remains to be learned about the effects of various substances exposures in utero (Oei et al; Wouldes 

and Lester). 

One recurring concern, mentioned by numerous studies, was the lack of diagnostic measuring 

tools for nonopioid infant withdrawal (Godding et al.; Oei et al.; Eyler et al.). Finnegan scoring and other 

diagnostic systems formulated for neonatal opioid withdrawal have been used to assess infant symptoms 

after prenatal exposure to substances from cocaine to nicotine, amphetamines, and SSRIs (Eyler et al.; 

Godding et al.; Oei et al.; Forsberg et al.). The use of opioid withdrawal scales for nonopioid exposures 

was noted as a limitation to current research and medical practice (Godding et al.; Oei et al). Moreover, 

the efficacy of the Finnegan scoring system has been questioned even in assessment of neonatal opioid 

withdrawal, with one study noting the potential for other symptom metrics to improve outcomes 

(Sanlorenzo et al.). Overall, researchers note that infant withdrawal assessments may be skewed when 

nonopioid substances are judged according to metrics designed for opioid exposures only (Oei et al.; 

Godding et al.). One notable study of neonatal nicotine exposure recommended the use of the NICU 

Network Neurobehavioral Scale (NNNS) to observe and identify withdrawal symptoms in cases of 

nonopioid exposure (Hurt et al.). The NNNS has been used in a variety of contexts, measuring the effects 

of in utero exposure to numerous substances (Tronick and Lester). One recent 2019 study mentions the 

NNNS the measurement tool for cocaine and methamphetamine related symptoms, for instance (Wouldes 

and Lester). Publications have encouraged development of improved evaluation measurements, 

particularly for nonopioid exposures, and standardization of evaluation procedures for neonatal 

withdrawal symptoms (Oei et al.; Mcqueen and Murphy-Oikonen).  



Numerous studies note the importance of continuing research in this field of study, to better 

understand the effects of maternal substance use (Oei et al.; Eyler et al.; Wouldes and Lester; Raffaeli et 

al.). Literature details the need for careful, high-quality studies to obtain accurate information related to 

prenatal drug exposure (Raffaeli et al.; Eyler et al.). Some researchers reference a lack of literature 

regarding a specific aspect of prenatal substance exposure; for instance, one report found a gap in 

research related to crystal methamphetamine use during pregnancy (Wells et al.). Other publications 

emphasize more depth and breadth of research or encourage more studies with larger sample sizes 

(Raffaeli et al.; Hurt et al.). Researchers also highlight the importance of studies with a blinded design, to 

ensure accurate infant evaluations (Eyler et al.; Committee on Drugs). Still other studies emphasize the 

need for additional research into treatment methods for neonatal withdrawal symptoms (Sanlorenzo, et 

al.). In a myriad of ways, authors in the area of prenatal substance exposure underscore the importance of 

continued research in the field (Eyler et al.; Sanlorenzo, et al.; Oei et al). 

All mothers and newborns should receive care and consideration. Every pregnancy is different, 

with varying circumstances, expectations, and challenges. I hope this paper provides a basic overview of 

important research related to prenatal substance exposure and neonatal withdrawal effects. Though 

neonatal substance exposure is but one tiny aspect of the vast field of biology and medicine, it deserves 

thorough research, attention, and care.  

 

Table 1 
Substance  Key Mechanism(s) 

of Action  
Key Neurological 
Findings 
Associated with 
Long-Term Use   

Withdrawal 
Symptoms  

Information on Infant 
Withdrawal   

Opioids  • Analgesia: 
prevents release 
of pain-
stimulating 
neurotransmitters 
(Chahl; Trescot 
et al) 

• Euphoria: 
prevents release 
of GABA, 

• Increased 
adenylyl 
cyclase activity 
(Chan and 
Lutfy)  

• Changes in 
amygdala, 
hippocampus 
(Kim et al.)  

• Physical: 
musculoskeletal, 
abdominal pain, 
crying, sweating 
(Wang et al.) 

• Psychological: 
anxiety, 
agitation (Wang 
et al.)  
 

• Classified as 
Neonatal 
Abstinence 
Syndrome (Alic; 
Mcqueen and 
Murphy-Oikonen)  

• Nervous system 
and GI symptoms 
of varying severity 
(Sanlorenzo et al.; 



leading to 
increased 
dopaminergic 
activity (Trescot 
et al)  

• Altered 
dopamine 
signaling (Kim 
et al.)  

 

Jansson and 
Patrick) 

Selective Serotonin 
Reuptake Inhibitors 
(SSRIs)  

• Mediation of 
psychiatric 
symptoms: 
prevention of 
serotonin 
reuptake to 
increase levels of 
the serotonin 
neurotransmitter 
in the synaptic 
cleft (Ciccarelli 
and White 54)  

 

• Dependency 
very infrequent 
(Evans and 
Sullivan)  

• Structural brain 
changes vary 
depending on a 
variety of 
factors, 
including SSRI 
used (Bellani et 
al.)  

 

• Physical: 
tachycardia, 
headache, 
fatigue, GI 
symptoms, 
sweating, 
dizziness 
(Horowitz and 
Taylor) 

• Psychological: 
anxiety, 
confusion, 
depression 
(Horowitz and 
Taylor)  

 

• Clinically known 
as Neonatal 
Adaptation 
Syndrome (Koren 
and Nordeng; 
“Perinatal Services 
BC”) 

• Neurological 
symptoms, 
homeostatis 
regulation 
difficulties, 
changes in feeding 
(Moulsdale and 
Hermann) 

Nicotine  • Agonist activity 
at nicotinic 
cholinergic 
receptors 
(Benowitz; 
“Nicotine” 
[DrugBank])  

• Reward and 
gratification arise 
through limbic 
system pathways, 
particularly 
affecting the 
ventral tegmental 
area (VTA) and 
the nucleus 
accumbens (NA) 
(Nestle; 
Benowitz) 

• Upregulation 
and 
desensitization 
of nicotinic 
cholinergic 
receptors 
(Benowitz)  

• Changes in 
dopamine 
signaling 
(Picciotto and 
Mineur) 

• Amygdala 
implicated 
(Huang et al.) 

• Anger, 
depression, 
inability to feel 
pleasure, 
increased pain 
response 
(Picciotto and 
Mineur; 
Benowitz; 
McLaughlin et 
al.)  

• Difficulty with 
rest, sleep, and 
focus 
(McLaughlin et 
al.) 

• Case-studies show 
potential effects in 
infants prenatally 
exposed to 
significant amounts 
of nicotine 
(Vagnarelli et al.; 
Frøisland) 

• Small-scale studies 
support 
neurobehavioral 
differences in 
nicotine-exposed 
vs unexposed 
infants within the 
first several days of 
life (Godding et al.; 
Hurt et al.) 

 
Cocaine   • Dopamine 

reuptake inhibitor 
(Sherwood 90) 

• Increases 
neuronal activity 
from VTA to NA 
by extra 
dopamine in the 
synapse (Cooper 
et al.; Sherwood 
90) 

 

• Downregulation 
of dopamine 
receptors leads 
to tolerance 
(Sherwood 90)  

• Neuroplasticity 
effects can 
restructure 
pleasure 
pathways 
(Cooper et al.)  
 

• Depression and 
mood changes 
(Sofuoglu et al.) 

• Changes to 
cognitive-motor 
function 
(Sofuoglu et al.) 

• Lethargy and 
cocaine cravings 
(Sofuoglu et al.) 

 

• Neurobehavioral 
symptoms present 
in infants 
prenatally exposed 
to cocaine include 
seizures, 
irritability, 
heightened reflex 
responses, emesis 
(King et al.; dos 
Santos et al.)  

• Varied conclusions 
in different studies 



regarding whether 
or not a true 
withdrawal 
syndrome exists 
(Eyler et al.). 

 
Methamphetamine/ 
Amphetamines  

• Altered 
functionality of 
neurotransmitter 
reuptake 
machinery, 
increasing 
cellular excretion 
of dopamine 
(Heal et al.; Stix) 

• Increased 
dopamine 
signaling in the 
mesolimbic 
pathway 
(Adinoff) 

• Changes to 
dopamine and 
serotonin 
signaling 
(Chang et al.) 

• Potential 
restructuring of 
prefrontal 
cortex and 
corpus callosum 
(Oei et al.) 

 

• Frustration, 
irritability, 
lethargy, strong 
desire to 
continue drug 
use, changes to 
sleep and 
dreams, hunger 
(Harro; 
Management of 
Substance; 
Zorick et al.) 

• Depression 
(Management of 
Substance)  

• Conflicting reports 
regarding whether 
or not neonatal 
symptoms after 
subsequent 
maternal 
amphetamine 
exposure (Wouldes 
and Lester; 
“Chapter 3”; Oei et 
al)  

• Symptoms after 
neonatal 
amphetamine 
exposure include 
fatigue, sleep and 
feeding 
irregularities 
(Harro; Oei et al.) 

Table 1 gives a brief summary of the concepts discussed throughout the paper.  
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Appendix  

Neurons are nervous system cells that function as messengers, transmitting information from one 

region to another through a series of electrochemical pulses termed action potentials (Cicarelli and White 

46-48). A basic mechanism for neuronal message transmission can be described as follows: 

Neurons are arranged such that the “end” of one neuron is closely associated with the “front” of 

another (Sherwood 91; Cicarelli and White 46-47). To send a chemical signal, the first neuron, or 

presynaptic neuron, releases specific chemicals into the interneuron space, or synapse (Cicarelli 

and White 50-53). The chemicals released into the synapse are detected by the next neuron, or 

postsynaptic neuron (Cicarelli and White 50-53). Detection usually occurs by specific receptors 

on the cell membrane, that bind to these messenger chemicals (Cicarelli and White 51). The 

messenger chemicals are termed neurotransmitters and, when bound to cellular receptors, induce 



an electrochemical gradient within the cell (Cicarelli and White 50-51). This electrochemical 

gradient, or action potential, travels down the entire neuron, leading to the release of 

neurotransmitters (Cicarelli and White 48-51). These neurotransmitters are detected by the next 

neuron’s receptors, and the chain of action potentials can continue to send signals throughout the 

body (Cicarelli and White 51). 

 

Agonists are chemicals that, when introduced, produce an effect similar to a chemical innately 

made in the body (“Agonist”). Antagonists are chemicals that, when introduced, hinder the effects of a 

chemical innately made in the body (“Antagonist”).  

Additionally, the brain is the organ most physiologically and psychologically relevant to this 

paper. The brain can be divided into two regions: (1) the brain stem and cerebellum, and (2) the forebrain 

(Sherwood 112). The forebrain can be further described as two interrelated portions, the limbic system 

and the cerebrum (Cicarelli and White 76-78; Sherwood 112-115). Parts of the cerebrum, however, are 

involved in limbic system functioning—no region functions independently of the others (Sherwood 124). 

Please note that this list is not exhaustive, but rather intended to provide a general overview of function.  

 

Table 2: Regions and Overview of Function of the Brain Stem and Cerebellum 
Brain Region  Overview of Function  
Medulla • Automatic mechanical bodily processes including respiration and heartbeat 

(Cicarelli and White 73; Sherwood 113) 
• Other functions include swallowing and digestive action (Cicarelli and White 

73; Sherwood 113) 
Pons • Transmission of information from the body to the forebrain (Cicarelli and White 

74; Sherwood 112) 
• Involved in movement and state of consciousness regulation (Cicarelli and 

White 74) 
Reticular Formation • Involved in maintaining wakefulness and identifying sensory changes (Cicarelli 

and White 74) 

Cerebellum • Critical to proprioception and movement (Cicarelli and White 75; Sherwood 
113) 

 
 

The brainstem is critical to automatic body processes needed for life (Sherwood 113).  



 

Table 3: Regions and Overview of Function of the Forebrain: Limbic System  
Brain Region  Overview of Function  
Hypothalamus • Maintains drive for basic activities, including eating, sleeping, and drinking 

(Cicarelli and White 76) 
• Involved in adjusting automatic respiratory and circulatory function (Sherwood 

124) 
Thalamus  • Filters and transmits sensory information (Sherwood 123) 

• Involved in relaying signals to other areas of the brain (Cicarelli and White 76; 
Sherwood 123)  

Hippocampus  • Involved in learning and the creation and processing of memories (Cicarelli and 
White 77; Sherwood 111)  

Amygdala • Critical to inducing and processing fear (Cicarelli and White 77; Sherwood 124)  

 
The brain’s limbic system consists of multiple brain structures working together to regulate 

emotion and behavior, as well as produce appropriate physiological responses to perceived stimuli 

(Sherwood 124). The limbic system exerts immense control over processes of learning and emotional 

response, particularly involving behavior associated with reproduction and survival (Sherwood 124).   

Nearby these brain structures lies the Ventral Tegmental Area (VTA), a structure beneath the 

cerebrum that plays a significant role in pathways involved in substance use disorders (Hanlon, et al.). 

The VTA is known to release dopamine, a neurotransmitter, to other regions of the brain (Hanlon, et al.). 

Another region, the Nucleus Accumbens (NA) has implications in similar pathways, as well (Catterall). In 

particular, excitation of the NA has been associated with cravings (Hanlon et al.). Dopamine has been 

found to modulate NA activity (Catterall). Communication between the NA and VTA regions is known as 

the “mesolimbic circuit” (Hanlon et al.). 

Table 4: Regions and Overview of Function of the Forebrain: Cerebrum  
Brain Region  Overview of Function  
Occipital Lobes • Processes visual information and stimuli (Cicarelli and White 78-79) 
Frontal Lobes • Motor control and movement (Cicarelli and White 79) 

• Critical thinking, thought processing, imagination, emotional integration, 
memory, attitude, and personality (Cicarelli and White 79; Sherwood 115) 

Parietal Lobes • Involved in perception, particularly sensations of touch (Sherwood 115) 
• Processes physical pain and pressure, as well as environmental stimuli such as 

temperature (Sherwood 115)  
Temporal Lobes  • Processes auditory information and stimuli (Cicarelli and White 79) 
Basal Nuclei  • Plays a role in movement and muscle control (Sherwood 114-115) 

 



The forebrain is considered to be responsible for sensory perception, higher processing and 

critical thinking (Cicarelli and White 78-79; Sherwood 115). Overall, the brain is a multifaceted organ 

with significant implications in addiction medicine (Catterall).  
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