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Background: The use and abuse of addictive drugs has occurred throughout many centuries. Only recently have certain drugs under question become defined as illicit. Therefore, many pregnant women have used such medications without prior consideration to the adverse effects of these substances upon their unborn children. The effects of chemicals, such as opiates, cocaine, nicotine, alcohol, and new recreational drugs, on fetal development have been seriously studied only in the last 30 years. 

The difficulty in evaluating research in this area is enormous. Clear methods for differentiating drug use from drug abuse are not established. The question of whether the mere presence of the chemical in maternal serum alludes to fetal damage needs to be answered. Evaluating if the mother in question has told the whole truth about her drug use is difficult. Given the stigma of substance abuse during pregnancy, lack of disclosure by the mother to her health provider is common because such damaging information ultimately could lead to the separation of mother and child. 

Many confounding factors, such as the probability of polysubstance use and how this affects single-drug studies, may exist. Additionally, the fact that a mother has used an illicit drug (or even a legal substance such as alcohol or tobacco) intertwines with many other factors that can affect a child. Socioeconomic status, support systems, role of the father, lack of prenatal care, and the caregiving ability of the mother all play tremendous roles in child development. 

Pathophysiology: 
Maternal alterations 

Almost all drugs of abuse follow a similar mechanism of action in the adult brain; this mechanism alters the pathways for reward. Through complex neurochemical interactions, various chemicals act to increase dopaminergic pathways from the midbrain ventral tegmental area (VTA) to the nucleus accumbens (NAc) in the striatum. Additionally, the NAc provides a negative feedback loop to the VTA using the inhibitory monoamine gamma-aminobutyric acid (GABA). Blocking such a pathway also attenuates the reward mechanism in the adult brain. 

Fetal alterations 

Although the full spectrum of physical damage that drugs of abuse can cause is not documentable, one thing is certain: the effect of maternal drug use on fetal brain development is the most critical and most studied effect. The 2 broad classes of fetal brain insult are as follows: 

1. In the first 20 weeks of gestation, damage can occur during cytogenesis and cell migration. 

2. In the second half of gestation, damage can occur during brain growth and differentiation. 

Continuous abuse, especially during the first half of gestation, is likely to disrupt the complicated neural wiring and associative connections that allow the developing brain to learn and mature. Most drugs of abuse freely cross the placental barrier; however, damage to the fetus also can occur via indirect methods. In particular, the vasoconstrictive properties of cocaine have been discussed as a potential cause for the delivery of growth-retarded infants. 

Frequency: 
· In the US: The definitions of maternal drug abuse and newborn withdrawal syndrome have been difficult to standardize (see Background). Therefore, documented disease prevalence varies tremendously. The prevalence of prenatally exposed newborns to one or more illicit drugs averages approximately 5.5%, with a range of 1.3-50%. Variations depend on the geographical detail (eg, local vs state) as well as the method of testing (eg, maternal history, urine testing, meconium testing, a combination of these tests). 

In 1998, Lester reported that the Maternal Lifestyles Study (MLS), a multicenter clinical study, evaluated the effects of fetal exposure to opiates, cocaine, or both in the US. The overall exposure rate was 10%. Of these pregnancies, the rate of perinatal morbidity was higher than the nonexposed group, but it was less than 5% overall. Prematurity, lower growth parameters, compromised cognitive ability, and neurological symptoms were barely significant compared to nonexposed newborns. 

· Internationally: Perinatal drug abuse and neonatal drug withdrawal is probably a recognized problem in neonatal and postnatal care in every country in the world. 

Mortality/Morbidity: 
· Neonatal withdrawal syndrome occurs in 60% of all fetuses exposed to drugs. Withdrawal syndromes for heroin, codeine, methadone, and meperidine have been described extensively. As more psychotropic medications are prescribed, more withdrawal syndromes are described. Heroin, cocaine, and amphetamine withdrawal usually occurs within the first 48 hours of life; however, a syndrome associated with intrauterine cocaine use has not been well defined. Methadone withdrawal can occur up to 2 weeks after birth, but most likely occurs within the first 96 hours after birth. The syndrome is typically an autonomic multisystemic reaction, the symptoms of which are mostly neurological and may be prolonged. 

· Alcohol is the only drug of abuse that is well associated with other teratogenic effects. The classic triad of fetal alcohol syndrome (FAS) consists of growth retardation, physical anomalies (with a characteristic facies), and CNS dysfunction. The risk of delivering child with FAS increases with gravidity in an alcoholic mother. The fetal alcohol effect (FAE) has also been described, representing a milder dose-dependent version of the entire syndrome. More severe aspects are associated with first trimester use of alcohol, especially in those women with a poor diet. At this time, a safe level of alcohol use during pregnancy is not known; therefore, the amount of alcohol that can be consumed without resulting in either condition (ie, FAS, FAE) is not known. 

Race: 
· The difficulty in assessing drug use confounds research into racial differences. 

· Overall, cocaine use is higher among African American women (5% of all African American women) than Caucasian women (2% of all Caucasian women). 

· The use of amphetamines, opioids and cannabinoids appears to be equal between African Americans and Caucasian women. 

Sex: By definition, perinatal drug abuse is a disease exclusively of pregnant women; however, several interesting epidemiological patterns emerge among mothers who abuse substances. These patterns include the following: 

· Genetics: Approximately 60% of mothers who abuse drugs describe a family history of substance abuse, particularly alcoholism. The closer the relative who abuses drugs, the higher the potential for the patient to be an abuser as well. Twin and adoption studies show a weaker genetic role in women than in men. Environmental factors may play a more dominant role for mothers who abuse substances. Patients who describe families of alcohol abuse also describe greater parental-marital conflicts and parent-child conflicts during their childhoods. 

· Sexual abuse and domestic violence: In a sample of 1099 women, Wilsnack et al reported that those with a history of being sexually abused in childhood were 2.5 times more likely to abuse substances and 3 times more likely to abuse alcohol than those who were not sexually abused. In another study, Hein et al reported that 60% of women who abuse substances claimed to have an adult partner who committed domestic violence. Likewise, many women report that their own drug use is initiated by their male partners. 

· Psychiatric comorbidity: A report from the National Institute of Mental Health (NIMH) Epidemiologic Catchment Area Survey showed that people who abuse substances were 4.5 times more likely to have a comorbid mental disorder than those individuals who do not abuse substances. Of those with a lifetime alcohol or drug disorder, more than 50% were likely to have a comorbid psychiatric disorder. Females with comorbidities to their substance abuse were more likely than men to have affective and anxiety disorders. Also, comorbidity varies with the drug of abuse. People with opioid addictions tend to have a higher associated comorbidity of affective, anxiety, and personality disorders. Cocaine addiction tends to be associated with attention deficit/hyperactivity disorder (ADHD). 

Age: 
· Few data exists on the age stratification of substance abusing mothers. Research has focused on the adolescent mother. In particular, a link between adolescent pregnancy and substance use may be present. 

· If teenage pregnancy is believed to be a high-risk condition, then it might follow that those individuals are prone to other high-risk behaviors. Evidence does support a clustering of teen pregnancy with substance abuse, most notably abuse of cigarettes, alcohol, and marijuana. 

· However, the statement that most pregnant and parenting teenagers abuse substances is a gross oversimplification. The literature supports that most pregnant teenagers do not use substances. Among those teens that do use substances, the amount used is far lower than the amount used by adult users who are pregnant. 

Clinical
History: 
· Maternal history: Pregnancy actually offers an excellent opportunity for a mother to seek help and to change her life to protect another. However, given the large numbers of mothers who abuse drugs and whose use goes undetected by their obstetricians and pediatricians, the history-taking practice in prenatal clinics must improve.

· Previous attempts at universal toxicology screens for women who are pregnant typically have uncovered one half of all women who abuse drugs. Urine toxicology in combination with a well-performed history is likely to have synergistic results in discovering mothers who abuse substances.

· All too often, the wish to perform an efficient prenatal screening consists solely of asking whether the woman who is pregnant uses drugs. Such questioning carries such stigma and lack of empathy that it is likely to prevent a mother-to-be from admitting her habit of substance abuse. Questioning should be nonjudgmental (ie, ask in a neutral tone of voice), specific (ie, ask about each potential drug of abuse starting with the least innocuous to the most), and asked in succession with the other standard screening inquiries (eg, general medical condition, diet).

· Although several perinatal complications have been thought to be highly associated with in utero drug use, none are pathognomonic or specific enough to cause suspicion.

Physical: Severity of newborn withdrawal from substances depends on the drugs and the frequency of use by the mother during pregnancy. 

· Nonopiate drug withdrawal: Withdrawal syndromes that are related to individual nonopiate drugs have been difficult to study. The high prevalence of polydrug use prevents clinicians from witnessing the effects of isolated medications. At this time, there is little support to describe a cocaine-abstinence syndrome.

· Alcohol withdrawal: Signs of alcohol withdrawal may include hyperactivity, crying, irritability, poor sucking, tremors, seizures, poor sleeping patterns, hyperphagia, and diaphoresis. Signs usually appear at birth and may continue until 18 months of age.

· Barbiturate withdrawal: Signs may include irritability, severe tremors, hyperacusis, excessive crying, vasomotor instability, diarrhea, restlessness, increased tone, hyperphagia, vomiting, and disturbed sleep.

· Marijuana withdrawal: For marijuana, a mild opiatelike withdrawal syndrome has been observed. Signs may include fine tremors, hyperacusis, and a prominent Moro reflex; however, these symptoms rarely require treatment.

· Nicotine withdrawal: Mild signs are observed, including fine tremors and variations in tone; however, no comprehensive syndrome that typically requires treatment exists.

· Acute narcotic withdrawal: This withdrawal usually begins 24-48 hours after birth, depending on time of last dose. However, signs may not appear in the infant until 3-4 days after birth.

· Methadone withdrawal: Symptoms may not start until the infant is aged 3 weeks. Also, newborn methadone withdrawal is more severe with higher in utero methadone doses.

· Opiate withdrawal: Signs include hyperirritability, gastrointestinal dysfunction, respiratory distress, and vague autonomic symptoms (eg, yawning, sneezing, mottling, fever). Tremors and jittery movements, high-pitched cries, increased muscle tone, and irritability are common. Normal reflexes may be exaggerated. Loose stools are common, leading to possible electrolyte imbalances and diaper dermatitis. Long-term symptoms have been difficult to study, but evidence supports that these children show hyperphagia, increased oral drive, sweating, hyperacusis, irregular sleep patterns, poor tolerance to environmental changes, and continued loose stools.

Causes: Through multiple mechanisms, all drugs of abuse can cause molecular and cellular changes that ultimately lead to changes in neural migration, cell structure, neurotransmitter dynamics, and overall brain formation. These alterations are likely associated with a whole range of behavioral and cognitive changes. Maternal polydrug use is likely to be far more damaging than use of any single drug. 

· Ethanol

· Alcohol produces teratogenic effects associated with FAS and its variations. The suggested pathway for teratogenicity involves a direct effect on the anterior neural tube and surrounding structures. This leads to decreased brain development as well as typical FAS facies.

· In animal models, evidence shows disruption in the hippocampus, cortical cytostructure, and neuronal migration. Changes in subsequent behavior in animal models reveal deficits in object permanence, increased distractibility, and delays in gross motor development.

· Nicotine

· Studies on in utero effects of nicotine typically have focused on low birth weight and smaller head circumference. Evidence that nicotine causes more than 50% of all low birth weight babies exists.

· Further studies on nicotine's effects on behavior and neurochemistry are eagerly anticipated.

· Cocaine

· Cocaine can freely cross the placental barrier. A widely held belief was that cocaine caused fetal hypoxia from placental vasoconstriction.

· Animal studies have shown disruptions in the neural and glial organization and migration.

· Dopamine, serotonin, or both may mediate withdrawal from cocaine.

· From a behavioral standpoint, cocaine has been shown to attenuate an animal's classic conditioning ability to noxious stimuli. Adult animal models of cocaine exposure tend to show a higher predisposition to self-administration for reward.

· Opiates

· In utero opioid exposure consistently has shown a decrease in nucleic acid synthesis and protein production in the brain, suggesting that overall brain growth is compromised. Effects on neurotransmitter concentrations and production have not been confirmed.

· Behaviorally, prenatally exposed animals tend to show decreased exploration and increased response latency to noxious stimuli.

Lab Studies: 
· Obtain a serum glucose level.

· Obtain a serum calcium level.

· Perform a complete blood count (CBC) with differential and platelets.

· Consider blood culture and other cultures to rule out newborn sepsis.

· Confirm maternal hepatitis status and treat accordingly.

· Consider HIV testing.

· A urine toxicological screen may be helpful in determining drug use. It is important to understand that a urine screen only signifies recent use or heavy use of drugs. In general the length of time that a drug is present in urine after use is as follows:

· Marijuana: 7 days to 1 month in an adult, perhaps even longer in an infant

· Cocaine: 24-28 hours in an adult, 72-96 hours in an infant

· Heroin: 24 hours in an adult, 24-48 hours in an infant

· Methadone: Up to 10 days in an infant

Other Tests: 
· Neonatal abstinence scoring

· In 1986, Finnegan et al created the Neonatal Abstinence Scoring (NAS) system, which provides an objective measure of a newborn's symptom severity (see Image 1). NAS currently is used as a diagnostic tool as well as a monitor for a withdrawing newborn's response to pharmacotherapy.

· Each of the 21 different symptoms is scored depending upon severity. All scores are then added. Scoring is performed in 4-hour intervals. If the newborn receives a score of 8 or greater, then scoring should occur every 2 hours. If NAS scores in the first 96 hours of life are consistently 8 or less, then scoring can be discontinued and pharmacotherapy typically is not needed.

· If the maternal urine screen or history is positive for drug use, first assess the infant at 2 hours after birth. Scores should reflect the symptoms observed during the entire interval, not just at a single point. Scores involving sleep and behavior should reflect any changes during the test period. For instance, if the child was awakened for the examination, do not score against the child for diminished sleep.

· A higher total score implies a more severe withdrawal syndrome. Likewise, as the child responds to treatment, use NAS scores to titrate the amount of pharmacotherapy needed.

· Although NAS is designed primarily for withdrawal from opiates or CNS depressant drugs, it has been used for other drugs (eg, cocaine, amphetamines). Its efficacy in these situations is likely from a preponderance of polypharmacy use.

Treatment

Medical Care: 
· Treatment and medication primarily focus on opiate and cocaine withdrawal. Although understanding polydrug interactions is difficult, no specific treatment plan for amphetamine, marijuana, tobacco, or alcohol withdrawal exists (unless teratogenic effects are observed).

· Until the child has been weaned off medication, or until the symptoms have abated (as confirmed by NAS), the patient should constantly be monitored by newborn nursery staff. Vital signs should be checked, NAS should be obtained, seizure precautions should be taken, and frequent weight checks should be performed.

· All medically treated newborns should constantly be monitored for cardiovascular, respiratory, and oxygen saturation changes (see Medications).

· In newborns with severe symptoms, IV fluids with electrolytes may be needed. Oral feedings may need to be withheld.

Consultations: 
· Hospital social services: A positive drug screen in a newborn of a mother without a prescription for the suspected drug warrants an investigation by the state child protection agency. The hospital social services staff can coordinate and supervise the interactions of staff, parents, and state services.

· Occupational and physical therapy: Use of a team of therapists decreases the overall treatment time. Issues surrounding environmental stressors and patient contact can be addressed.

Diet: 
· Breastfeeding: Many infants in this situation have difficulties in establishing breastfeeding or bottle-feeding.

· Encourage breastfeeding if the mother is well maintained on methadone.

· Withhold breastfeeding if other substances are suspected or if the mother is HIV positive.

· Increased caloric intake

· The newborn withdrawing from drugs has higher caloric demands. In addition to the catabolism resulting from withdrawal symptoms, these patients lose calories from vomiting, drooling, and diarrhea.

· Consider provision of hypercaloric (100.42 J/oz) formula in frequent small feedings. The daily caloric goal should be 627.6-1046 J/kg/d.

Activity: 
· The child's comfort is paramount. Being a newborn is extremely stressful in the first few weeks of life, given that every external stimulus is entirely new to the infant. Add the stress of the internal stimuli from drug withdrawal, and the usefulness of environmental control can be understood. With this in mind, consider that 40% of all withdrawing newborns can be treated symptomatically (without medication). Specific methods include the following:

· Loose swaddling, as well as holding and slow rocking the infant, may be helpful.

· Perform environmental controls emphasizing quiet zones, low lighting, and gentle handling. At Massachusetts General Hospital, a battery-operated vibrating box that clips to the bassinet is used often. The device creates a tactile "white noise" that allows the newborn withdrawing from drugs to focus away from multiple-environmental stimuli. Anecdotal evidence exists to support improved outcomes with its use.

· Use a pacifier for excessive sucking.

· Frequent diaper changes are necessary. Diaper dermatitis is common in infants who are withdrawing from narcotics and have loose stools.

· Position the newborn to reduce aspiration. The guidelines of the American Academy of Pediatrics specifically discourage prone position sleeping for newborns. Some recent evidence suggests that lying babies in the left lateral position is more useful to decrease gastroesophageal reflux than lying babies in the right lateral or supine position.

Medication

Opiate substitutes and phenobarbital are the mainstays of treatment. Despite some encouraging data regarding other medications for adult withdrawal (most notably clonidine), many are not provided in a liquid oral dose suitable for newborns.

Drug Category: Opioids -- Treatment of choice for neonates known to be at risk of withdrawal from opiates. Medication, such as paregoric, can be administered orally and is titrated easily. Likewise, paregoric still offers the best results in treating the withdrawal of maternal polydrug use. 

	Drug Name
	Opium, deodorized tincture 1:25 dilution -- Use a 1:25 dilution. When ordering such a medication, be sure to emphasize that a dilute solution of the deodorized tincture is needed in a 1:25 ratio. Without this emphasis, the pharmacy may deliver undiluted deodorized tincture of opium (used for adults) or the camphorated tincture of opium (Paregoric), which contains 45% alcohol, camphor, anise oil, and benzoic acid. 

	Pediatric Dose
	Starting dose: 0.05-0.1 mL/kg PO q4-6h
Maintenance dose: 0.05 mL/kg q4-6h; increase by 0.05 mL/kg at the end of every 4-h period until desired response is achieved; then, maintain dose for 3-5 d; then begin taper of 10% (of peak dose) every 2-3 d; rare to exceed 0.7 mL/dose; not to exceed 1-2 mL/kg/24h 

	Contraindications
	Severe respiratory, renal, or hepatic disease 

	Interactions
	Beware of respiratory effects when using other CNS depressants (eg, phenobarbital) 

	Pregnancy
	D - Unsafe in pregnancy 

	Precautions
	Until weaning has begun, constantly monitor patient's vital signs and oxygen saturation; adverse effects include sedation and constipation; overdosing may cause narcosis, manifested by decreased reflexes and poor Moro reflex, sucking, grasping, and response to pain; more profound narcosis includes hypotonia, obtundation, coma, irregular shallow respirations, apnea, bradycardia, and hypothermia; if signs of opioid toxicity are observed, do not give naloxone; withdrawal seizures can occur


	Drug Name
	Morphine elixir, 1 mg/mL -- May be used as an alternative to diluted deodorized tincture of opium. 

	Pediatric Dose
	Starting dose: 0.02 mg/kg PO q4-6h
Maintenance dose: 0.02 mg/kg PO q4-6h; increase by 0.02 mg/kg at the end of every 4-h period until the desired response is achieved; then maintain dose for 3-5 d; then, begin taper of 10% (of peak dose) q2-3d 

	Contraindications
	Severe respiratory, renal, or hepatic disease; hypotension; potentially compromised airway where establishing rapid airway control would be difficult 

	Interactions
	Beware of respiratory effects when using other CNS depressants (eg, phenobarbital) 

	Pregnancy
	C - Safety for use during pregnancy has not been established. 

	Precautions
	Until weaning has begun, constantly monitor patient's vital signs and oxygen saturation
Adverse effects include sedation and constipation; overdosing may cause narcosis, manifested by decreased reflexes and poor Moro reflex, sucking, grasping, and response to pain; more profound narcosis includes hypotonia, obtundation, coma, irregular shallow respirations, apnea, bradycardia, and hypothermia
If signs of opioid toxicity are observed, do not give naloxone; withdrawal seizures can occur


Drug Category: Barbiturates -- Although barbiturates also are available for neonatal withdrawal syndrome, their optimal use is limited to several clinical situations, including the following:

1. The newborn with a nonopiate withdrawal

2. The newborn with a known polydrug withdrawal

3. The newborn with abstinence-related seizures

4. The newborn who has already received the maximum safe level of paregoric

	Drug Name
	Phenobarbital (Luminal) -- Interferes with transmission of impulses from thalamus to cortex of brain. Used as a sedative. 

	Pediatric Dose
	Loading dose: 20 mg/kg PO
If continued NAS scores are >8 for 3 consecutive periods or if scores are >12 for 2 consecutive periods, then administer another 10 mg/kg q12h until a serum level of 40 mcg/mL is achieved
Maintenance dose: 2-5 mg/kg/d PO divided q8-12h, provided serum phenobarbital level is therapeutic; with good control, continue maintenance phenobarbital dose for another 72h
Weaning: The goal is to lower the serum level by 15% q24h; lower maintenance dose to 2 mg/kg/d; if serum level falls by >20% q24h, increase to 3 mg/kg/d; if serum level falls by only 10% q24h, decrease dose to 1 mg/kg/d; discontinue phenobarbital once serum level is <10 mcg/mL and the patient is clinically in good control 

	Contraindications
	Severe respiratory disease; marked impairment of liver function; nephritic patients 

	Interactions
	Beware of respiratory effects when combining other CNS depressants (eg, morphine, tincture of opium); may decrease effects of chloramphenicol, digitoxin, corticosteroids, carbamazepine, theophylline, verapamil, metronidazole, and anticoagulants (patients stabilized on anticoagulants may require dosage adjustments if added to or withdrawn from their regimen); coadministration with alcohol (contained in tincture of opium) may produce additive CNS effects and death; chloramphenicol, valproic acid, and MAOIs may increase phenobarbital toxicity; rifampin may decrease phenobarbital effects 

	Pregnancy
	D - Unsafe in pregnancy 

	Precautions
	Constantly monitor vitals and oxygen saturation; draw serum phenobarbital levels daily; once discontinued from medication, observe for any abstinence for another 1-3 d
Adverse effects include sedation, poor sucking, and heightened pain sensitivity; some patients may experience a paradoxical increase in irritability with phenobarbital



Follow-up
Further Outpatient Care: 
· Early intervention and developmental pediatrics: Any newborn who has been exposed to drugs is considered at risk for developmental and cognitive compromises. These children should have regular follow-up care with a team of child development specialists to quickly identify potential deficits.

· State child protective services: In the event of court-imposed custody, children should be monitored through the foster family and adoption process.

· General pediatrics: As with any newborn, perform regular follow-up care for immunizations, anticipatory guidance, and physical examinations.

In/Out Patient Meds:
· Administer paregoric and phenobarbital for withdrawal of opiates and barbiturates, respectively (see Medications).

Complications: 
· Perinatal complications

· Incidence of medical and obstetric complications increases with in utero drug exposure. In particular, the incidence of premature delivery, abruptio placentae, breech presentation, and intrauterine growth retardation are increased significantly in mothers who are dependent on drugs. The doses of analgesia are typically higher to match the tolerance to drugs already being used.

· In particular, cocaine use, with its vasoconstrictive properties, has been associated with an increase in vaginal bleeding, abruptio placentae, placenta previa, premature rupture of membranes, abortion, pneumothorax, pneumonia, malnutrition, and seizures.

· Amphetamine use presents similarly to cocaine use and is related to an increased rate of abruptio placentae, maternal hypertension, and renal disease. Hypertension can often be confused with preeclampsia, leading to an increased cesarean delivery rate. 

· Opioid use has been shown to increase the rate of premature labor, premature rupture of membranes, breech presentation, antepartum hemorrhage, toxemia, anemia, uterine irritability, and infection (eg, HIV, hepatitis, syphilis). 

· Alcohol use has been associated with an increased rate of abruptio placentae. Complications for mothers who drink alcohol heavily can include increased spontaneous abortions and premature placental separation.

· Cannabinoid use has been associated with an increased serum carboxyhemoglobin level. A slightly elevated incidence of precipitate labor, meconium staining, and dysfunctional labor occurs in mothers who use cannabinoids.

· Prematurity is accompanied by a host of medical complications including asphyxia, neonatorum, intracranial hemorrhage, respiratory distress syndrome, hypoglycemia, hypocalcemia, septicemia, and hyperbilirubinemia.

· Although gross generalizations, the following growth characteristics may occur as a result of exposure to drugs:

· Tobacco is described as perhaps the most common cause of low birth weight deliveries. Symmetric decreases are observed in all growth parameters, but these children exhibit appropriate catch-up growth.

· Alcohol may cause symmetric decreases in all growth parameters. Support for a synergistic effect in growth retardation with concomitant cocaine abuse exists.

· Amphetamines and cocaine may cause symmetric decrease in all growth parameters. However, the growth-restricting effect of cocaine is more likely a result of maternal malnutrition. Likewise, growth retardation resulting from cocaine use tends to resolve with catch-up growth within 2 years after birth. 

· Opiate use may result in normal growth parameters. In particular, newborns exposed to methadone tend to have higher-than-expected growth parameters.

Prognosis: 
· Growth deficiency

· Children with prenatal nicotine exposure exhibit appropriate catch-up growth but are known to have smaller lungs and, possibly, decreased ventilatory drive in response to carbon dioxide.

· Children with prenatal amphetamine and cocaine exposure exhibit catch-up growth within 2 years of life.

· Children with prenatal opiate exposure typically do not exhibit changes in growth parameters.

· Cognitive and developmental defects

· Infants exposed to nicotine tend to score higher on auditory habituation but lower on the orientation cluster of the Brazelton Newborn Behavioral Assessment Scale (NBAS).

· Infants exposed to alcohol may develop mental retardation, which is one of the hallmarks of FAS. An apparent dose-dependent relationship is present, and FAS now accounts for approximately 33% of all mental retardation. Milder cognitive effects include prolonged language delays and sleep dysfunction. Newborns exposed to alcohol also tend to be hypotonic.

· Infants exposed to cocaine may exhibit fetal brain malformation resulting from changes in the homeostatic neurochemistry. Serious debate concerning the actual deleterious effects of in utero cocaine exposure exists. Consequences previously described include altered behavior on NBAS scores (eg, poor state regulation, decreases in alertness and orientation, abnormal reflexes, tone and motor maturity), increased tone (described as hypertonic tetraparesis), electroencephalogram (EEG) changes, and prolonged behavioral and language delays. However, data are inconsistent to prove that cocaine is solely responsible for these problems. The more plausible explanation is that these children exhibit such abnormalities as a result of a cumulative risk involving environmental and maternal psychosocial factors.

· Infants exposed to opioids may have increased overall activity upon NBAS testing. They tend to have difficulty with being consoled.

Patient Education: 
· Government programs are available to help the prevention of perinatal drug use. Many have published documents that address support for pregnant women who abuse substances, addiction prevention, and treatment programs and guidelines for clinicians managing patients who abuse substances. These publications are available to primary care physicians and obstetricians and can be ordered free of charge from the National Clearinghouse for Alcohol and Drug Abuse Information (NCADI) by telephone (800-729-6686 or 301-468-2600 or TDD for hearing impaired at 800-487-4889) and on the Internet.

· The following Internet sites provide guidelines for providers:

· American Academy of Pediatrics (AAP)
· Evan B. Donaldson Adoption Institute
· Benton Foundation for topics pertaining to child care, health, and education

· National Institute on Drug Abuse (NIDA)
· Substance Abuse and Mental Health Services Administration (SAMHSA) to find the Center for Substance Abuse Prevention

· Administration for Children and Families (ACYF) for programs on foster care, adoption, family support, Head Start, child abuse and neglect, and child welfare

· For excellent patient education resources, visit eMedicine's Mental Health and Behavior Center and Substance Abuse Center. Also, see eMedicine's patient education articles Barbiturate Abuse and Drug Dependence and Abuse, Narcotic Abuse, and Substance Abuse.
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