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                                                                                       Section I
1.0 Introduction:

Teratology is the study of environmentally induced congenital anomalies. A teratogen is an agent, which by acting on the developing embryo or foetus, can cause a structural anomaly. It  refers to any agent that causes a structural abnormality following fetal exposure during pregnancy. Usually an increased prevalence of a particular birth defect leads to the discovery of a teratogenic agent. For instance, Minamata disease, an encephalopathy that mimics cerebral palsy, was first recognized in towns surrounding Minamata Bay in postwar Japan. This localized area of increased prevalence led to an investigation that pointed to methyl mercury, which was discharged into the bay by a local factory, as the offending agent. Ingestion of contaminated fish during pregnancy was the primary cause for this devastating condition. Similar results followed the ingestion of grain laced with methyl mercury, which was used as a fungicide, in Mexico and Iraq.

The sudden appearance of several cases of a rare disorder can also raise suspicions of teratogenicity. Cases of phocomelia in the early 1960's in Germany and Australia led to the identification of thalidomide as a human teratogen. Thalidomide was used to treat morning sickness, resulting in exposure at the stage in development when the embryo is most vulnerable, the first trimester.

Teratogenic agents include: infectious agents (rubella, cytomegalovirus, varicella, herpes simplex, toxoplasma, syphilis; physical agents (ionizing agents, hyperthermia); maternal health factors (diabetes); environmental chemicals (organic mercury compounds, polychlorinated biphenyl or PCB, herbicides and industrial solvents); and drugs (prescription, over-the-counter, recreational). It may appear as though there are more suspected teratogens than were apparent a generation ago. This may be because there has been an increase in the number of synthetic chemical compounds in use or possibly the clinical recognition of subtle malformations as teratogenic effects. Examples of the latter would be fetal alcohol syndrome, fetal hydantoin syndrome, fetal trimethadione syndrome, fetal warfarin syndrome and smoking associated with low birth weight infants.

There are no absolute teratogens; however, many agents can exhibit teratogenic effects under certain circumstances. The dose and the time of exposure to a particular agent often determines the severity of the damage and the type of defect that occurs. The dose response is obvious: the greater the dose, the greater the effect. The time of exposure is another important concept, as certain stages of embryonic and fetal development are more vulnerable than others. In general, the embryonic stage (first trimester) is more vulnerable than the fetal period (second and third trimesters). 

Thalidomide provides a classic example. The critical period of exposure is during organogenesis (the formation of the organs) from the 35th-8th day after the last menstrual period. The specificity of the malformations is linked to the time of exposure: 35-37 days, no ears; 39-41 days, no arms; 41-43 days, no uterus; 45-47 days, no tibia; and 47-49 days, triphalangeal thumbs.

The types or severity of abnormalities caused by a teratogenic agent is also dependent on the genotype of the pregnant woman and the genotype of the fetus (genetic susceptibility). For example, variation in maternal metabolism of a particular drug will determine what metabolites the fetus is exposed to and the duration of exposure. Differences in placental membranes, placental transport and biotransformation all affect fetal exposure. The genetic susceptibility of the fetus to a particular teratogenic agent will also have an effect on the final outcome.

Absolute risk refers to the rate of occurrence of an abnormal phenotype among individuals exposed to the agent. Chronic alcoholic mothers, for instance, have a 45% chance of having an infant with fetal alcohol syndrome. Relative risk refers to the ratio of the rate of the condition among the exposed and the nonexposed. A relative risk of 2 means that smokers have twice the risk of having a low birth weight baby as nonsmokers. It goes without saying that some pregnant women need to be on medication. However, there are strategies to prevent or decrease the risk of fetal abnormalities: the use of the lowest dose possible, the avoidance of combination drug therapies (for the treatment of seizure disorders), the use of a different agent (heparin instead of coumadin for thrombophlebitis), the avoidance of first trimester exposures (preconception diabetes), and folic acid supplementation.

The public awareness of hazardous agents in the home and the workplace, and awareness of the teratogenic potential of drugs or medications during pregnancy has led to the establishment of teratogen information services in most states or regions of the country. This has been facilitated by the availability of national databases (Reprotox, TERIS), the teratology society organizations (OTIS - Organization of Teratogen Information Services) and the birth defect/genetics centers in most states.

1.1 What are Teratogens? 

A teratogen is an agent that produces a malformation or raises the population incidence of malformation. It’s Any factor or substance that can induce or increase the risk of a birth defect is called a teratogen. Radiation and certain drugs and poisons (toxins) are teratogens. Different teratogens may cause similar defects if exposure to the teratogen occurred at a particular time during fetal development. On the other hand, exposure to the same teratogen at different times in the pregnancy may produce different defects. In general, a pregnant woman should consult with her doctor before taking any drug. She should refrain from smoking or consuming alcohol. She should avoid having x-rays taken unless absolutely necessary. If x-rays are necessary, she should immediately inform the radiologist or technician that she is pregnant, so that the fetus can be protected as much as possible.

Infections contracted during pregnancy may also be teratogenic, especially German measles (rubella). A woman who hasn't had German measles should be vaccinated against it before trying to become pregnant. A pregnant woman who has neither had German measles nor been vaccinated against it should avoid contact with anyone who might have German measles.

A pregnant woman who has been exposed to a teratogen may want to be tested to determine whether her fetus has been affected. However, most pregnant women exposed to such risks have babies without abnormalities.

1.2 Kinds Of Teratogens

 Bone and Muscle Defects
Birth defects can affect any bone or muscle, although the bones and muscles of the skull, face, spine, hips, legs, and feet are most commonly affected. Most of these defects are repaired surgically.

 Facial Abnormalities
The most common defects of the skull and face are cleft lip and cleft palate. Cleft lip is an incomplete joining of the upper lip, usually just below the nose. Cleft palate is an abnormal passageway through the roof of the mouth into the airway of the nose.

Cleft lip is disfiguring and prevents the infant from closing his lips around a nipple. A cleft palate interferes with eating and speech. Cleft lip and cleft palate usually occur together, affecting about 1 in every 600 to 700 births. Cleft lip alone occurs in about 1 in every 1,000 births. Cleft palate alone occurs in about 1 in every 1,800 births.

A dental device can temporarily seal the roof of the mouth so the infant can suckle better. Cleft lip and cleft palate can be permanently corrected with surgery.
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Another type of facial defect is a small lower jaw (mandible). If the lower jaw is too small, as occurs in both Pierre Robin syndrome and Treacher Collins' syndrome, the infant may have difficulty eating. Surgery may correct the problem.

 Spinal Abnormalities
Congenital torticollis is a condition in which a newborn's neck is twisted to one side and the head is tilted unnaturally toward that side. Usually, injury to the neck muscles during birth is the cause. Other causes include a joining together of the neck vertebrae (Klippel-Feil syndrome) or a joining of the first neck vertebra to the skull (atlanto-occipital fusion).

Congenital scoliosis is an abnormal curvature of the spine in a newborn. Congenital scoliosis is rare; scoliosis usually occurs in older children. Because scoliosis can lead to serious deformity as the child grows, treatment with braces is often started early. Surgery may be needed if the abnormal curvature worsens.

 Hip, Leg, and Foot Abnormalities
Congenital dislocation of the hip is a condition in which a newborn's hip socket and the thighbone (femoral head) that connects to it are separated. The cause of this defect is unknown. Dislocation of the hip is more common in girls, in infants born in a breech (buttocks-first) position, and in infants who have close relatives with the disorder. An ultrasound examination is used to confirm the diagnosis. Putting double or triple diapers on the infant is often sufficient to correct the dislocation. Otherwise, splints or orthopedic surgery may be required.

Femoral torsion is a condition in which the knees point toward (anteversion) or away (retroversion) from each other rather than forward. Femoral torsion often corrects itself when the infant is older and is able to stand and walk.

Knee dislocation is a condition in which the lower leg bends forward at the knee. Dislocation of the knee is rare in newborns, but it must be treated immediately. Gently bending the infant's knee backward and forward into the normal position several times each day and keeping the knee bent with a splint for the rest of the day may help.
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Clubfoot (talipes) is a condition in which the foot is twisted out of shape or position. The arch of the foot may be very high, or the foot may be turned inward or outward. True clubfoot is caused by anatomic abnormalities. Sometimes the feet appear abnormal because of the fetus' position in the uterus, but the condition is not a true clubfoot. If no anatomic abnormality is present, the defect can be corrected by casting and physical therapy. Early treatment with casting is beneficial for true clubfoot, but surgery is generally needed.

 Missing Limbs
Missing limb (congenital amputation) is a condition in which an arm or a leg or parts of an arm or a leg are missing at birth.
The cause is often unknown. The drug thalidomide, which was taken by some pregnant women in the late 1950s and early 1960s for morning sickness, was removed from the market after being identified as a cause of this type of defect. Thalidomide caused flipperlike appendages to develop in place of arms and legs. Children often become very adept at using a malformed limb, and a prosthesis can often be constructed to make the limb more functional.

 Osteogenesis Imperfecta
Osteogenesis imperfecta is a disorder in which the bones are abnormally fragile.
In osteogenesis imperfecta, the bones break so easily that infants with the condition are usually born with many broken bones. During birth, head trauma and bleeding in the brain may occur because the skull is so soft; these children can die suddenly within days or weeks after birth. Most children survive, but the multiple fractures often cause deformities and dwarfism. Intelligence is normal if the child's brain isn't injured.

 Arthrogryposis Multiplex Congenita
Arthrogryposis multiplex congenita is a disorder in which one or more joints become fused together and consequently can't bend.
The cause is unknown. Sometimes the condition is associated with dislocations of the hips, knees, or elbows. Daily physical therapy, in which the stiff joints are carefully manipulated, can improve joint movements.

 Muscle Abnormalities
The pectoralis major muscle in the chest may be formed only partially or not at all. Such a defect may be an isolated phenomenon or associated with abnormalities of the hand.

Another muscle defect, called prune-belly syndrome, involves the muscles in the abdomen. One or more layers of abdominal muscles may be missing, causing the infant's abdomen to bulge outward. The disorder is associated with severe kidney and urinary abnormalities. The prognosis is best for children whose kidneys function normally.

 Brain and Spinal Cord Defects
The brain and spinal cord may develop defects while they are being formed or after they are fully developed. Many brain and spinal cord defects can be detected before birth by ultrasound examination and by tests of amniotic fluid.

 Brain Defects
Anencephaly is a condition in which most of the infant's brain is missing because it doesn't develop. An infant with anencephaly can't survive and either is stillborn or dies within a few days.

Microcephaly is a condition in which the head is very small. Infants with microcephaly often survive but tend to be mentally retarded and lack muscle coordination. Some also have seizures.

Encephalocele is a condition in which brain tissue bulges through a defect in the skull. Surgery can repair the defect. The prognosis is often good.

Porencephaly is a condition in which an abnormal cyst or cavity exists in a cerebral hemisphere. Porencephaly is evidence of brain damage and is usually associated with abnormalities of brain function. However, some children have normal intelligence.

Hydranencephaly is an extreme form of porencephaly in which the cerebral hemispheres are almost totally missing. Children with hydranencephaly don't develop normally and are severely retarded.

Hydrocephalus (water on the brain) is an enlargement of the ventricles, which are normal spaces in the brain. Cerebrospinal fluid is produced in the ventricles and must drain to the outside of the brain, where it is absorbed into the blood. When the fluid can't drain, pressure inside the brain rises and hydrocephalus occurs. Many things, such as a congenital malformation or bleeding within the brain, can obstruct drainage and cause hydrocephalus. In older children, it is often caused by tumors. Hydrocephalus is the most common reason that a newborn may have an abnormally large head.

Treatment entails providing an alternate drainage path to keep pressure within the brain normal. Drug treatment--with acetazolamide and glycerol--or repeated spinal taps (lumbar punctures) may temporarily reduce the pressure within the brain in some children until a permanent drain (shunt) is inserted. The shunt is placed in the ventricles in the brain and runs under the skin from the head to the abdominal cavity or occasionally to some other site. The shunt contains a valve that allows fluid to leave the brain if the pressure becomes too high. Although some children may eventually be able to do without the shunt as they get older, shunts are rarely removed. The prognosis depends on the cause. Some children can do very well and have normal intelligence. Others may be mentally retarded.

Arnold-Chiari deformity is a defect in the formation of the lower part of the brain (brain stem). It is often associated with hydrocephalus.

 Spina Bifida
Spina bifida is a condition in which part of one or more vertebrae fails to develop completely, leaving a portion of the spinal cord unprotected.

The risk of having an infant with spina bifida is strongly linked with a deficiency of folate (folic acid) in the diet, especially early in pregnancy. The severe form of this defect occurs in about 1 of every 1,000 births in the United States.

Symptoms vary depending on how severely the spinal cord and nerve roots are affected. Some children have minimal or no symptoms; others are weak or paralyzed in all areas reached by nerves below the level of the defect. 

Spina bifida can often be diagnosed before birth and may first be discovered during an ultrasound scan. A doctor who suspects spina bifida may recommend a test on a sample of amniotic fluid. If the fetus has severe spina bifida, the amniotic fluid will likely contain high levels of alpha-fetoprotein.

A child who is born with severe spina bifida needs prolonged, intensive therapy to prevent deterioration in kidney function and physical abilities and to allow for the maximum development possible. Surgery is needed to close the opening and often to treat the associated hydrocephalus, bladder and kidney abnormalities, and physical deformities. Physical therapy keeps joints mobile and strengthens functioning muscles.

[image: image3.png]



 Eye Defects
Congenital glaucoma is a rare eye condition that raises the pressure within the eyeball, usually in both eyes. If the condition isn't treated, the eyeballs enlarge and complete blindness is almost certain. Surgery performed soon after birth gives the best chance of relieving the pressure inside the eye and of preserving the infant's vision.

Congenital cataracts are cloudy areas (opacities) in the lens of the eye that are present from birth. Congenital cataracts may be caused by chromosomal abnormalities, infections such as German measles, or some other disease that the mother had while pregnant. The cataracts should be removed as soon as possible so the infant can develop normal vision.

 Kidney and Urinary Tract Defects
Birth defects are more common in the kidney and urinary system than in any other system of the body. Defects that block the flow of urine cause urine to stagnate, and this can result in infection or formation of kidney stones. A defect may interfere with the function of the kidneys or cause sexual dysfunction or infertility later in life.

 Kidney and Ureter Defects
A number of defects may occur in the way the kidneys form. They may be in the wrong place (ectopia), in the wrong position (malrotation), joined together (horseshoe kidney), or missing (kidney agenesis). An infant can't survive when both kidneys are missing (Potter's syndrome). Kidney tissue may also develop abnormally. For instance, a kidney may contain many cysts, as in polycystic kidney disease.

Possible abnormalities of the ureters, the two tubes that connect the kidneys to the bladder, include extra ureters, misplaced ureters, and narrowed or widened ureters. Urine may flow back from the bladder into the abnormal ureters, making infection in the kidneys (pyelonephritis) more likely. A narrowed ureter prevents urine from passing normally from the kidney to the bladder and may cause the kidney to become enlarged (hydronephrosis) and lead to kidney damage.

 Bladder Defects
A number of defects can affect the bladder. The bladder may not form completely, so that it opens out onto the surface of the abdomen (exstrophy). The wall of the bladder may be abnormal, with outpouchings (diverticula) that allow urine to stagnate and increase the risk of urinary infection. The bladder outlet (the passageway from the bladder to the urethra, which carries urine out of the body) may be narrowed, causing the bladder to empty incompletely. In this case, the urine stream is weak and infections may develop. Most bladder defects can be surgically repaired.

 Urethra Defects
The urethra may be abnormal or missing altogether. In boys, the opening of the urethra may be in the wrong place, such as on the underside of the penis (a condition called hypospadias). The urethra in the penis may lie open as a channel rather than closed as a tube (a condition called epispadias). In both boys and girls, a narrowed urethra may obstruct the flow of urine. Surgery can correct these abnormalities.

 Intersex States
An intersex state occurs when a child is born with genitals that aren't obviously male or female (ambiguous genitals).
A child born with genitals that aren't clearly male or female may have normal or abnormal internal reproductive organs (gonads). True hermaphrodites have both ovarian and testicular tissue and both male and female internal reproductive organs, but this condition is rare. Most children with ambiguous genitals are pseudohermaphrodites--that is, they have ambiguous external genital organs but either ovarian or testicular tissue (not both).

A female pseudohermaphrodite is a genetically normal female (with two X chromosomes) who is born with genitals that resemble a small penis. The internal reproductive organs, however, are female. Female pseudohermaphroditism is caused by exposure to high levels of male hormones before birth. Usually, the fetus has enlarged adrenal glands (adrenogenital syndrome) that overproduce male hormones, or an enzyme may be missing, so that male hormones can't be converted to female hormones as they normally are. Sometimes, male hormones have entered the placenta from the mother's blood; for example, the mother may have been given progesterone to prevent a miscarriage, or she may have had a hormone-producing tumor.

A male pseudohermaphrodite is a genetically normal male (with one X and one Y chromosome) who is born without a penis or with a very small one. His body fails to produce sufficient male hormones or resists the hormones it does produce (androgen resistance syndrome).

Correctly identifying the child's sex is very important and must be done quickly. Otherwise, bonding by the parents to the child may be made more difficult and the child may develop a gender identity disorder. Surgery to correct the ambiguous genitals can be performed later, usually close to puberty.

1.3 Factors Important in Teratogenicity 

Time of exposure: Very early in gestation many agents have an "all or none" effect, that is they either kill the embryo or have no effect on its development. Most teratogens produce their effects (embryopathies) during embryogenesis. A notable exception is ethanol which produces harmful effects throughout pregnancy. 

Dosage Animal research has shown a dose-response relationship with teratogens. In humans alcohol shows a strong dose-response effect with more severely affected phenotypes at increasing doses. For agents such as ionizing radiation there appears to be a threshhold level below ( 5-10 rads ) which exposure to the agent is unimportant. 

Fetal genotype An example of fetal genotype influencing susceptibility to a teratogen is phenytoin. More than one half of fetuses exposed to phenytoin do not develop the fetal hydantoin syndrome. In fetuses that develop the syndrome, the severity of the syndrome is associated with decreased activity of the enzyme epoxide hydrolase in the fetus. 

1.4 Objectives of Teratogenicity:

 Know the factors affecting teratogenicity 
 Be familiar with the list of drugs known to be teratogenic, especially thalidomide 
 Understand the guidelines regarding use of known teratogens
Teratogenicity

 defects in organ formation 
 growth retardation or death of the fetus 
 tumors 
 functional or behavioral impairment
Incidence of Birth Defects

 Birth defects occur at a rate of ~ 3% of all newborns 
 defects are due to: 
1. genetic mutations 

2. chromosome aberrations 

3. infectious agents 

4. exposure to radiation 

5. environmental chemicals 

6. drugs 

Any drug that enters the mother’s bloodstream has access to the fetus

 drugs pass through the 3-4 tissue layers of the placenta 
 liphophilic, non-protein bound substances cross the membranes by simple diffusion 
 drug flow can be influenced by maternal and fetal hemodynamics 
 drugs can be metabolized or modified by fetal enzymes (P450 enzymes)
Factors affecting Teratogenicity

 known teratogens can have only 30% malformation rates 
 timing of exposure relative to fetal development 
 bioavailability of the drug in the maternal-placental blood 
 levels of conjugating and modifying enzymes in the placenta and fetus
Drugs Recognized as Teratagens

 in use today – accutane, angiotensin-converting enzyme inhibitors, cyclophosphamide, methotrexate, phenytoin, valproic acid, warfarin 
 restricted use – thalidomide 
 no longer used - diethylstilbestrol (DES) 
1.5  FDA Categories of drug safety during pregnancy:

Category
Description

A
Controlled human studies have demonstrated no fetal risks; these drugs are the safest

B
Animal studies show no risk to the fetus and no control human studies have been conducted, or animal studies show a risk to the fetus but well – controlled, human studies do not.

C
No adequate animal or human studies have been conducted, or adverse. Fetal effects have been shown in animals but no human data are available.

D
Evidence of human fetal risk exists, but benefits may outweigh  in certain situations (e.g. life-threatening conditions or serious diseases in which safer drugs can’t be used or are ineffective)

X
Proven fetal risks outweigh any possible benefit.

                                                                                 Section II             

2.0 Causes & Risks of  Teratogenicity

Although the cause of most birth defects is unknown, certain factors are known to increase the risk of birth defects. These include nutritional deficiencies, radiation, certain drugs, alcohol, certain types of infection and other illnesses in the mother, trauma, and hereditary disorders.

Some risks are avoidable; others are not. Even so, one pregnant woman may do everything that is recommended to produce a healthy infant--such as eating a proper diet, getting sufficient rest, and avoiding drugs--yet have an infant with a birth defect. Another woman may do a number of things that can harm a fetus, yet have an infant with no birth defect.

2.1  Nutritional Factors
Keeping a fetus healthy requires not only avoiding possible teratogens but also maintaining a nutritious diet. One substance known to be necessary for proper development is folate (folic acid). Insufficient folate in the diet increases the risk that a fetus will develop spina bifida or other neural tube defects. However, because spina bifida can occur in a developing fetus before a woman knows she is pregnant, women of childbearing age should consume at least 400 micrograms of folate a day. Most doctors advise pregnant women to take supplemental vitamins in appropriate amounts in addition to eating a nutritious diet.

2.2 Physical factors in the Uterus
Amniotic fluid surrounds the fetus in the uterus and protects it from injury. An abnormal amount of amniotic fluid may indicate or cause certain birth defects. Too little amniotic fluid can interfere with normal development of the lungs and limbs or may indicate a kidney abnormality that is slowing urine production. Too much amniotic fluid may accumulate if the fetus has difficulty swallowing, which may be caused by a severe brain disorder, such as anencephaly, or by esophageal atresia. 

2.3 Genetic and Chromosomal Factors
Some birth defects are inherited by receiving abnormal genes from one or both parents. Other birth defects are caused by spontaneous and unexplained changes (mutations) in genes. Still other defects result from a chromosomal abnormality, such as an extra or a missing chromosome. The older a pregnant woman is particularly if she's over age 35 the greater the chance that the fetus will have a chromosomal abnormality.  Many chromosomal abnormalities can be detected early in pregnancy.

2.4 Family History
The first step in considering the possibility of a genetic abnormality is obtaining a family history. A doctor or genetic counselor constructs a family tree by asking about medical problems affecting family members. For an accurate appraisal of genetic risks, information about three generations is usually needed. The state of health or cause of death of all first-degree relatives (parents, siblings, children) and second-degree relatives (aunts, uncles, grandparents) is noted. Information about ethnic background and intermarriages among relatives is also helpful. If the family history is complicated, information about more distant relatives is needed. Medical records of selected relatives may be requested if they may have had a genetic disorder.

The diagnosis of many genetic disorders is based on physical examination or laboratory test results. For stillborns or infants who die soon after birth, a detailed record of abnormalities is essential. Photographs and full-body x-rays of such babies, usually taken as part of the medical record, can be invaluable for future counseling. Also, tissues that are frozen and preserved (cryopreservation) can be useful for future genetic studies.

                                                                                     Section III

3.0 Some Drugs that cause Teratogenicity:

3.1 Alcohol & Teratogenicity:

Unfortunately, there are still a few physicians today who believe that low levels of alcohol will not harm the fetus. Some even suggest that one glass of wine is "OK" during pregnancy. Their assumptions are based upon the fact that low levels of alcohol do not appear to cause any increased risk of physical malformations to the fetus. Although, this line of thought is correct, more recent research shows birth defects can also take the form of something other than a visual physical abnormality such as a malformed leg, arm or finger. In fact, another type of birth defect not usually associated with the term "birth defects" is called a neurological defect and can occur from subtle alterations in brain organization or chemistry during pregnancy. The consequences of such a defect can appear later as a behavior problem, learning disability, attention deficit disorder, hyperactivity, aggression, violent tendencies, impulsivity or even reduced personality and increased shyness. Any of these traits could then be considered a neurological birth defect  if the personality trait resulted because of altered neurological development due to an environmental exposure during pregnancy.

More moderate effects upon the brain can also occur from prolonged alcohol exposure to the unborn child. Alcohol can cause the loss of what is called dendritic spines (connections between brain cells) in an area of the brain known as the hippocampus - an area important for learning and memory. In animal models, alcohol is embryotoxic (toxic to the embryo) and teratogenic (able to cause physical birth defects), and it has been demonstrated that behavioral as well as biochemical abnormalities occur in animals exposed to alcohol during pregnancy.

Severe Child Brain Damage Due to Mother's Alcohol Drinking 

The brains of four children born to drinking mothers were studied for abnormalities after their deaths at the University of Washington School of Medicine. One child was stillborn, the other children died at three days, six weeks and 10 weeks. Death in all cases was due to the complications caused by the mothers’ alcohol drinking. 

The photograph shows the brain of an infant girl who died at 6 weeks. The mother was categorized as a chronic alcoholic. The child’s head circumference was 27 centimeters at birth and did not grow at all during her 6 weeks of life (normal head circumference is approximately 35 centimeters - about 13 and 3/4 inches).
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Girl’s Brain

Case number 1 was a male infant born at term and died at 10 weeks due to a sudden cardiac arrest (see picture). The mother's alcohol drinking included up to a gallon of wine at a time several times a week. The child had hydrocephalus (excess

water in the brain) and typical facial features of fetal alcohol syndrome (FAS). The cerebellum (which controls coordination and movement) was "extremely small and poorly shaped ." The brainstem (responsible for processes such as breathing and body temperature) was also grossly malformed. 
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Boy’s Brain

Case number 2 was stillborn at the 29th week of pregnancy. The mother reported drinking alcohol beverages at approximately weekly intervals, sometimes consuming at least five "drinks" at one time. The child had most of the features of FAS, including short palpebral fissures, flat midface, cleft lip and palate. The testicles were also absent. The cerebrum appeared normal except for overly large ventricles (the ventricles are fluid cavities in the brain which help maintain constant pressure). The researchers stated the brainstem and cerebellum were "unfortunately lost" prior to microscopic study.

Case number 3 was a premature infant born about two months early. The mother reported drinking alcohol three or four times each week, sometimes consuming at least five "drinks" at one time. The child suffered respiratory distress and died three days after birth. Although the brain weight of the infant was normal and no features of FAS were apparent, there was the similar smooth covering of the left cerebral hemisphere as shown in the picture of the first infant.

3.2 Thalidomide and Teratogenicity:
Thalidomide is a drug that was marketed outside of the United States in the late 1950’s and early 1960’s. It was used as a sleeping pill, and to treat morning sickness during pregnancy. However, its use by pregnant women resulted in the birth of thousands of deformed babies. 

Thalomid (thalidomide) is now approved to treat the painful, disfiguring skin sores associated with leprosy, and to prevent and control the return of these skin sores.

A pregnant woman or any woman thinking about becoming pregnant must not take Thalomid (thalidomide), because it is known to cause severe birth defects or death to an unborn baby, even after taking just one dose. When a woman of child-bearing age has no other appropriate treatment choice and must take Thalomid (thalidomide), there are many precautions that must be taken to avoid pregnancy. Some of these precautions include: 

 A pregnancy test 24 hours before taking Thalomid (thalidomide) and then weekly during the first month of use; then monthly in women with regular menstrual cycles, or every 2 weeks if menstrual cycles are irregular as long as you are taking Thalomid (thalidomide). 

 Committing to either not having heterosexual sexual intercourse, or to using two methods of birth control starting 4 weeks before your first dose of Thalomid (thalidomide) and continuing for 4 weeks after your last dose of Thalomid (thalidomide). 

 A woman must also not breast-feed a baby while taking Thalomid (thalidomide) because of possible side effects to the infant. 

  3.3   Locoism and Teratogenicity:

The terms locoism and locoweed derive from the spanish word for "crazy". The clinical signs of locosim include aggression, hyperactivity, a stiff and clumsy gait, low head carriage, salivation, seizures, apparent blindness, increasing miscoordination, weakness and death. One can imagine how this name came to be - if an otherwise calm animal became aggressive, running around with an odd gait, running into objects with its head held low and finally keeling over dead - "crazy" is an apt description. These symptoms are attributed Otherwise known as foamy cytoplasmic vacuolation of central nervous system cell viscera, as shown  in a histosection from the brain stem of a sheep . lusitanicus. The inset is a magnification of the area shown by the arrow. Note the globular white masses in the dark area in the inset. Those are vacuoles which are filled with the partially processed oligosaccharides and glycoproteins of the cell, in storage because the necessary enzymes for processing them are inhibited by the presence of swainsonine.
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In milder cases, the removal of the animal from locoweed infested areas can reverse the condition of locoism. However, it is often the case that by the time symptoms are apparent, irreversible neural damage has been done.

Teratogenicity

Although the mechanism by which swainsonine causes birth defects is unkown, research has shown that the sorts of defect it causes and the time period over which it exerts an effect are very broad.Most of the deformities are characterized by curvature and/or rigidity of limbs, hypermobility of many limb joints as well as rigidity of the carpal joints (arthrogryposis). Although it is clear through comparison with the birth defects from mothers with genetic lysosomal storage disease that swainsonine is responsible for at least part of the defects, it is not certain yet whether it is the sole agent acting as a teratogen in these cases. 
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3.4 Isotretinoin and Teratogenicity:

Between June 1983 and January 1987, four infants with isotretinoin embryopathy were born in New Jersey. Isotretinoin embryopathy consists of severe birth defects associated with first-trimester exposure to the synthetic retinoid isotretinoin, which is used to treat severe, recalcitrant cystic acne. Two of the cases were reported to the New Jersey Birth Defects Registry. A third case was described in the pediatric literature. The fourth was identified through a teratologist currently investigating cases of isotretinoin embryopathy in the United States (Massachusetts General Hospital, unpublished data). These cases are similar to a larger number of cases that have been reported to the Food and Drug Administration (FDA) from all areas of the United States. 

Case 1: In June 1983, a 1,260 g female infant of 30 weeks gestation was born to a 22-year-old woman with no previous pregnancies. The woman had taken isotretinoin for 8 days when she was 4 to 6 weeks pregnant. Isotretinoin treatment had been stopped when the woman learned that she was pregnant. At birth, the infant had microcephaly, bilateral microphthalmia, and bilateral rudimentary pinnae. She died on the 28th day of life. Postmortem examination revealed lissencephaly, rudimentary pinnae, atrial septal defect, ventricular septal defect, patent ductus arteriosus, and interrupted aortic arch.

Case 2: In June 1985, a full-term male infant weighing 2,760 g was born to a 22-year-old woman who had taken isotretinoin during the first weeks of gestation. She had been counseled about the risk of drug-induced birth defects and had elected to carry the pregnancy to term. The infant had micrognathia, facial dysmorphism, missing ear lobes, Dandy-Walker malformation, and hearing and visual impairment. He now has severe mental retardation and developmental delay and requires institutional care. 

Case 3: In September 1986, a male infant of 27 weeks gestation was born to a woman who had taken isotretinoin during the second month of gestation. The infant had dysplastic external ears and hydrocephalus, which was treated with a ventriculo- peritoneal shunt. This abnormality is thought to be secondary to an intraventricular hemorrhage during the early neonatal period. 

Case 4: In January 1987, a full-term male infant weighing 3,558 g was born with dysplastic ears and hearing loss. His mother had been treated with isotretinoin during the first trimester of pregnancy. 

Isotretinoin embryopathy is a preventable syndrome, and following the guidelines developed cooperatively by FDA and the manufacturer can reduce the number of infants born with these problems. 

A summary of these guidelines follows:

1. Women should not use isotretinoin and etretinate who are pregnant or who may become pregnant while taking the drug. 

2. Pregnancy should be ruled out before treatment begins. This precaution may best be accomplished by obtaining a negative pregnancy test no more than 2 weeks prior to the beginning of therapy and starting therapy on the second or third day of the patient's next normal menstrual period. 

3. An effective form of contraception should be used for at least 1 month before therapy begins. 

4. Women who have received isotretinoin should continue using an effective form of contraception for 1 month after discontinuing treatment. 

5. The period of time during which pregnancy must be avoided after treatment is discontinued has not been determined for women who have received etretinate. 

6. Female patients should be counseled on the risk of major birth defects associated with first-trimester exposure to isotretinoin or etretinate. Should a pregnancy occur during treatment (or after treatment, in the case of etretinate), the woman should consult her physician about the management of her pregnancy. In addition, patients should be counseled not to share these prescription drugs with friends or family members.

                                                                                     Section IV

4.0 Proven Teratogenic Drugs in Humans

 Alcohol

The foetal alcohol syndrome is a clinical pattern of anomalies characterized by intrauterine growth retardation which commonly continues postnatally. These include: microcephaly, developmental delay, and dysmorphic facies consisting of low nasal bridge, midface hypoplasia, long featureless philtrum, small palpebral fissures and thin upper lip. Cleft palate and cardiac anomalies may also occur. Full expression of this syndrome occurs with chronic daily ingestion of at least 2 grams alcohol per kilogram (eight drinks per day). The full syndrome is present in about one third of these mothers and partial effects occur in approximately three quarters of offspring.

 Angiotensin converting enzyme inhibitors (ACEI) (captopril, enalapril, lisinopril)

ACEI are potent anti-hypertensive drugs. Their use in late pregnancy has been associated with foetal toxicity including intrauterine renal insufficiency. Reports of neonatal hypotension, oliguria with renal failure, and hyperkalemia have been reported with ACEI use in pregnancy. Complications of oligohydramnios (i.e., foetal limb contractures, lung hypoplasia, and craniofacial anomalies), prematurity, intrauterine growth retardation, and foetal death have also been reported with the use of these agents late in pregnancy. The adverse effects are related to the haemodynamic effects of ACEI on the foetus, teratogenic risk with first trimester exposure to these agents appears to be low.

 Carbamazepine

Exposure to carbamazepine in utero carries a 1% risk of neural tube defects. A pattern of malformations similar to those described with the foetal hydantoin syndrome has also been associated with carbamazepine exposure in pregnancy.

 Cocaine

Cocaine use during pregnancy has been associated with abruptio placentae, prematurity, foetal loss, decreased birth weight, microcephaly, limb defects, urinary tract malformations, and poorer neurodevelopmental performance. The contribution of cocaine to the incidence of congenital malformations is difficult to assess because of methodological problems, which make the results difficult to interpret. Cocaine abuse is often associated with poly-drug abuse, alcohol consumption, smoking, malnutrition, and poor prenatal care. Experimental animal studies and human epidemiology indicate that the risk of major malformation from cocaine is probably low, but the anomalies may be severe.

 Coumarin anticoagulants

First trimester exposure to coumarin derivatives is associated with a characteristic pattern of malformations termed the foetal warfarin syndrome. Clinical features consist of nasal hypoplasia and calcific stippling of the epiphyses. Intrauterine growth retardation and developmental delay due to central nervous system damage, eye defects, and hearing loss have also been described. The critical period of exposure for the foetal warfarin syndrome appears to be between 6 and 9 weeks of gestation. A prospective study found evidence of warfarin embryopathy in about one third of the cases where a coumarin derivative was given throughout pregnancy. Oral anticoagulants are also associated with a high rate of miscarriage. Exposure to oral anticoagulants after the first trimester presents a risk of central nervous system damage due to haemorrhage. Unlike heparin, oral anticoagulants readily cross the placental barrier.

 Diethylstilbestrol

Diethylstilbestrol was used in the 1950s and 1960s for the diagnosis of recurrent miscarriage. Clear cell adenocarcinoma of the vagina was found to be associated with diethylstilbestrol treatment of the patient's mother during the first trimester of pregnancy. Over 90% of the cancers occurred after 14 years of age. Clear cell carcinoma has not occurred in women exposed in utero after the 18th week of gestation. A high incidence of benign adenosis of the vagina was found in women prenatally exposed to this nonsteroidal estrogen analogue. In a prospective study, exposure starting at 4 weeks was associated with adenosis in 56% of the offspring, decreasing later to 30% at 16 weeks and 10% at 20 weeks. Miscarriage rate and preterm delivery were significantly more common in women exposed in utero to diethylstilbestrol compared to matched controls. In 134 males exposed in utero to the agent no signs of malignancy were found but 27% had genital lesions (epididymal cysts, hypotrophic testes, or capsular induration of the testes). In 29%, pathologic changes were found in spermatozoa.

 Folic acid antagonists: Aminopterin and methotrexate

Aminopterin has been known since 1950 to result in foetal death, which led to its use as a human abortifacient. The foetal aminopterin syndrome was described based on anomalies observed in aborted foetuses and infants born following unsuccessful abortions. Malformations include central nervous system defects (hydrocephalus, meningomyelocele), facial anomalies (cleft palate, high arched palate, micrognathia, ocular hypertelorism, external ear anomalies), abnormal cranial ossification, abnormalities in first branchial arch derivatives, intrauterine growth retardation and mental retardation. Infants have been born with features of the aminopterin syndrome after pregnancy exposure to methotrexate (methylaminopterin). It was suggested that the maternal dose necessary to induce defects is above 10 mg per week with a critical period of 6 to 8 weeks post conception being postulated.

 Hydantoins (phenytoin and trimethadione)

Hydantoins have been associated with a recognizable pattern of malformation termed the foetal hydantoin syndrome. The clinical features include craniofacial dysmorphology (wide anterior fontanelle, ocular hypertelorism, metopic ridge, broad depressed nasal bridge, short anteverted nose, bowed upper lip, cleft lip, cleft palate), as well as variable degrees of hypoplasia of the distal phalanges, nail hypoplasia and low arch dermal ridge patterning. Growth retardation, mental deficiency and cardiac defects are additional features of the syndrome.

 Isotretinoin (13-cis-retinoic acid)
Isotretinoin is a synthetic vitamin A derivative, prescribed for severe cystic acne, that has been proven to be a potent human teratogen as well as a behavioural teratogen when given systemically. A pattern of anomalies termed retinoic acid embryopathy has been associated with isotretinoin (and other retinoic acid derivatives such as etretinate and megadoses of vitamin A) exposure in pregnancy. The clinical features include craniofacial anomalies (microtia or anotia, accessory parietal sutures, narrow sloping forehead, micrognathia, flat nasal bridge, cleft lip and palate, and ocular hypertelorism), cardiac defects (primarily conotruncal malformations), abnormalities in thymic development, and alterations in central nervous system development. The risk for associated miscarriage was 40%.

 Lithium

By 1983, the International Registry of Lithium Babies had collected retrospective information on 225 babies exposed to lithium during the first trimester. Despite the lack of a control group and the likely over-reporting of abnormal outcome, the data suggested a higher risk for major anomalies than in the general population and a specific risk for cardiac teratogenesis in early gestation. The number of cases of Ebstein's anomaly, a rare malformation of the tricuspid valve, by far exceeded its spontaneous rate of occurrence. In a prospective study of 148 women who took lithium during the first trimester of pregnancy, three infants were born with major malformations, a rate comparable to that found in the control group. One pregnancy was terminated following prenatal diagnosis of Ebstein's anomaly. Foetal echocardiography is recommended in the management of pregnancies exposed to lithium in the first trimester.

 Misoprostol

Misoprostol is a synthetic prostaglandin E1 analogue, prescribed for duodenal and gastric ulceration, also used as an abortifacient by women in Brazil. A Brazilian case-series suggested an association between first trimester exposure to misoprostol and limb defects with or without Moebius' sequence. The association was further supported by a case-control study comparing the frequency of misoprostol use during the first trimester by mothers of 96 infants with Moebius' syndrome and mothers of infants with neural tube defects. Among the mothers of infants with Moebius' syndrome, 49% had used misoprostol, as compared with 3% of the mothers of infants with neural tube defects. Despite the strong association between misoprostol exposure during the first trimester and Moebius' syndrome, its absolute teratogenic risk is probably not high.

 Tetracyclines

Yellow-brown discolouration of teeth may occur due to deposition of the antibiotic in calcifying teeth with tetracycline use in late pregnancy. The risk is apparent only after 17 weeks of gestation when the deciduous teeth begin to calcify. Generally, only the deciduous teeth are involved, although with administration of the drug close to term the crowns of the permanent teeth may be stained. Oxytetracycline and doxycycline are associated with a lower incidence of enamel staining. 

 Thalidomide

More than any other event, the thalidomide tragedy alerted the world to the teratogenic potential of drugs. Thalidomide was marketed in 1956 and was available for four years before its teratogenicity was recognized. Thalidomide produced malformations limited to tissues of mesodermal origin, primarily limbs, ears, cardiovascular system, and gut musculature. The types of malformations could be related to the developmental stage of the embryo at the time of ingestion. Malformations resulted from repeated use as well as from single ingestions during the critical period from the 27th day to the 40th day of gestation. In women, a single dose of less than 1 milligram per kilogram has produced the syndrome. Abnormal development of long bones produced a variety of limb reduction defects. Typically the upper limbs were more severely involved than the lower limbs. However, any of the bones could be defective or, in severe cases, totally absent. Phocomelia, polydactyly, syndactyly, oligodactyly were all reported. Lower extremities could be similarly affected, although less frequently and less severely. Defects of the external ears ranging from agenesis to preauricular tags occurred in 20% of cases and were the earliest of the recognized thalidomide anomalies. Other anomalies associated with phocomelia are facial capillary haemangiomas, and palsies of cranial nerves. A wide variety of cardiovascular defects were seen, affecting about 10% of infants. Visceral anomalies included agenesis of kidneys, spleen, gallbladder and appendix and atresias or stenoses of the esophagus, duodenum, and anus. Cleft palate was a rare complication and the central nervous system was not adversely affected as reflected by normal intelligence. It has been estimated that the embryopathy was found in about 20% of the pregnancies with exposure to thalidomide in the critical period.

 Valproate

First trimester exposure to valproate is associated with neural tube defects and carries a 1-2% risk of meningomyelocele, primarily lumbar or lumbosacral. A number of investigators have delineated an associated pattern of malformations, which they termed the foetal valproate syndrome. The clinical features include narrow bifrontal diameter, high forehead, epicanthal folds, infra-orbital creases, telecanthus, low nasal bridge, short nose with anteverted nares, midfacial hypoplasia, long philtrum, thin vermillion border, small mouth, cardiovascular defects, long fingers and toes, hyperconvex fingernails, and cleft lip.

 Cladribine

There is a chance that this medicine may cause birth defects if either the male or female is taking it at the time of conception or if it is taken during pregnancy. Cladribine has been shown to cause birth defects in mice and rabbits. In addition, many cancer medicines may cause sterility, which could be permanent. Although sterility has not been reported with this medicine, fertility problems do occur in male monkeys and the possibility should be kept in mind. 

 Cisplatin

There is a chance that this medicine may cause birth defects if either the male or female is taking it at the time of conception or if it is taken during pregnancy. Cisplatin causes toxic or harmful effects in the fetus in humans and birth defects in mice. In addition, many cancer medicines may cause sterility which could be permanent. Although sterility has not been reported with this medicine, the possibility should be kept in mind. 

 Capreomycin

Capreomycin has not been studied in pregnant women. However, studies in rats given 31/2 times the human dose have shown that capreomycin may cause birth defects.

 Carboplatin

There is a chance that this medicine may cause birth defects if either the male or female is taking it at the time of conception or if it is taken during pregnancy. Carboplatin causes toxic or harmful effects and birth defects in rats. In addition, many cancer medicines may cause sterility that could be permanent. Although sterility has not been reported with this medicine, the possibility should be kept in mind. 

 Ca++ channel blockers

Calcium channel blocking agents have not been studied in pregnant women. However, studies in animals have shown that large doses of calcium channel blocking agents cause birth defects, prolonged pregnancy, poor bone development in the offspring, and stillbirth. 

 Carmustin

There is a chance that this medicine may cause birth defects if either the male or female is taking it at the time of conception or if it is taken during pregnancy. Carmustine causes toxic or harmful effects in the fetus of rats and rabbits and causes birth defects in rats at doses about the same as the human dose. In addition, many cancer medicines may cause sterility which could be permanent. Although this has only been reported in animals with this medicine, the possibility should be kept in mind. 

 Sulphonamides

Sulfamethoxazole and trimethoprim combination has not been reported to cause birth defects or other problems in humans. However, studies in mice, rats, and rabbits have shown that some sulfonamides cause birth defects, including cleft palate and bone problems. Studies in rabbits have also shown that trimethoprim causes birth defects, as well as a decrease in the number of successful pregnancies. Sulfonamides are not recommended for use at the time of labor and delivery because these medicines may cause unwanted effects in the baby

 Decarbazine

There is a chance that this medicine may cause birth defects if either the male or female is taking it at the time of conception or if it is taken during pregnancy. In addition, many cancer medicines may cause sterility, which could be permanent. Although sterility has not been reported with this medicine, the possibility should be kept in mind. Dacarbazine has caused birth defects and a decrease in successful pregnancies in animal studies involving rats and rabbits given doses several times the usual human adult dose. 

 Reserpine

Too much use of reserpine and hydrochlorothiazide during pregnancy may cause unwanted effects (jaundice, blood problems, low potassium, difficult breathing, low temperatures, and loss of appetite) in the baby. In rats, rauwolfia alkaloids (like reserpine) decrease newborn survival rates. 

Studies with hydralazine have not been done in humans. However, studies in mice have shown that hydralazine causes birth defects (cleft palate, defects in head and face bones); these birth defects may also occur in rabbits, but do not occur in rats. 

 Dactinomycin

There is a chance that this medicine may cause birth defects if either the male or female is receiving it at the time of conception or if it is taken during pregnancy. Studies have shown that dactinomycin causes birth defects in animals. In addition, many cancer medicines may cause sterility which could be permanent. Although sterility has not been reported with this medicine, the possibility should be kept in mind. 

 Daunorubicin

This medicine may cause birth defects if either the male or female is receiving it at the time of conception or if it is taken during pregnancy. In addition, many cancer medicines may cause sterility, which could be permanent. Although sterility has been reported only in male dogs with this medicine, the possibility of an effect in human males should be kept in mind.

 Etoposide

There is a good chance that this medicine will cause birth defects if it is being used at the time of conception or during pregnancy. In addition, many cancer medicines may cause sterility, which could be permanent. Although sterility has not been reported with etoposide, the possibility should be kept in mind. 

 Fludarabine

There is a chance that this medicine may cause birth defects if either the male or female is taking it at the time of conception or if it is taken during pregnancy. Fludarabine has been shown to cause birth defects in rats and rabbits. In addition, many cancer medicines may cause sterility which could be permanent. Although sterility has not been reported with this medicine, it does occur in animals and the possibility should be kept in mind. 

 Idarubicin

There is a chance that this medicine may cause birth defects if either the male or female is receiving it at the time of conception or if it is taken during pregnancy. Studies in rats and rabbits have shown that idarubicin causes birth defects in the fetus and other problems (including miscarriage). In addition, many cancer medicines may cause sterility which could be permanent. Although sterility has been reported only in male dogs with this medicine, the possibility of an effect in human males should be kept in mind. 

 Ifosfamide

There is a chance that this medicine may cause birth defects if either the male or female is taking it at the time of conception or if it is taken during pregnancy. Ifosfamide causes birth defects in animals. In addition, many cancer medicines may cause sterility that could be permanent. Although sterility has not been reported with this medicine, the possibility should be kept in mind. 

 Vinorelbine

This medicine may cause birth defects if either the male or female is receiving it at the time of conception or if it is taken during pregnancy. In addition, many cancer medicines may cause sterility, which could be permanent. Although decreased fertility has been reported only in male rats with this medicine, the possibility of an effect in human males and females should be kept in mind. 

                                                                                       Section V

 5.0 Common Chemotherapeutic agents and their effects:

Chemotherapeutic agents are classified by their mechanism of action corresponding to different stages of the cell cycle. Common alkylating agents, antimetabolites, vinca alkyloids and anthracycline antibiotics.

 Alkylating agents:

The alkylating agents are cell cycle nonspecific. They work during most cell cycle stages by denaturing DNA and inhibiting cell division and normal biological activity 

Busulfan (Myleran)

Busulfan is commonly used to treat chronic myeloid leukemia (CML), and may be used either alone or in combination with 6-mercaptopurine, prednisone and radiation therapy. There are at least 38 cases in the literature of pregnancies exposed to busulfan. Six cases of birth defects have been reported after busulfan exposure during pregnancy; there was no specified pattern to the anomalies. In the first case, a woman was treated with busulfan and 6-mercaptopurine throughout the majority of her pregnancy. The infant had severe growth retardation, cleft palate, microphthalmia, hypoplastic ovaries, bilateral corneal clouding, and poorly developed external genitalia). Another infant, exposed throughout the pregnancy developed pyloric stenosis). Two abortuses were reported following busulfan exposures, one with unspecified multiple abnormalities and one with myeloschisis. The remaining two cases cannot be directly correlated to the busulfan exposure either because the exposure occurred later in the pregnancy or the abnormality had a genetic basis. There have been over 30 normal offspring born following in utero exposure to busulfan. 

Chlorambucil (Leukeran)

Chlorambucil is used to treat chronic lymphocytic leukemia (CLL), Hodgkin's’s disease and non-Hodgkin’s lymphoma. More recently, it has been used to treat rheumatic disease and systemic lupus erythematosus because of its immunosuppressive properties. Four birth defects have been reported following first trimester exposure to chlorambucil. Two fetuses exposed at 5-11 weeks and 7-20 weeks respectively, had kidney and ureter agenesis. A third fetus, exposed at weeks 3-4, had a retinal defect. Finally, a fetus exposed in the tenth week had a congenital heart defect. Several normal pregnancies have been reported after exposure to chlorambucil 

Cyclophosphamide (Cytosan, Neosar)

Cyclophosphamide is used in the treatment of ALL, CLL, Hodgkin’s disease, non-Hodgkin’s lymphoma, neuroblastoma, Wilms’ tumor, soft-tissue sarcomas, cancers of the breast, ovary, lung, and cervix,  and connective tissue disorders such as systemic lupus erythematosus. Cyclophosphamide is commonly used in combination chemotherapy regimens. Five cases of birth defects have been reported in conjunction with first trimester exposure to cyclophosphamide. The first case, an infant exposed from weeks 4-11, had four toes on each foot, a flattened nasal bridge, palatal grooves, a small skin tag on the anterior mid-abdomen, a slightly hypoplastic middle phalanx of the fifth finger and bilateral inguinal hernia sacs. In a second case, a woman exposed to cyclophosphamide and radiation terminated a male fetus with no toes and a single left coronary artery. Another first trimester exposure resulted in a growth-retarded infant with imperforate anus and a rectovaginal fistula. A  report of exposure on days 15 and 46 in an infant with bilateral radial ray defects, cleft palate, low-set ears and multiple eye anomalies. A describtion of  an exposed fetus with club hand, esophageal atresia and abnormal inferior vena cava. Additionally, reports exist of neonatal immunosuppression following in utero and a child who developed papillary thyroid cancer and neuroblastoma. 

Mechlorethamine (Nitrogen Mustard, Mustargen)

Mechlorethamine, used to treat Hodgkin’s disease and non-Hodgkin’s lymphoma, is most commonly used in combination chemotherapy. Two reports of first trimester exposure resulted in infants with birth defects, but the mothers were also exposed to other agents. One child had four toes on each foot, a malformed ear, bowed tibia and cerebral hemorrhage. A second exposed fetus had small malpositioned kidneys . A third malformed fetus was described with hydrocephaly and early infant death following first trimester exposure . At least 10 other reports document normal pregnancy outcome following in utero exposure to mechlorethamine with an increased number if combination chemotherapy cases were included. 

 Antibiotics

Antibiotics used in chemotherapy covalently bind to DNA, causing cytotoxicity . The most commonly used antibiotics include doxorubicin, mitomycin, catinomycin and bleomycin. The antibiotics are most often used in combination chemotherapy. None of these agents has been associated with an increased risk of birth defects when used during the first trimester. However, one case of bleomycin exposure in combination with two other drugs, 7 to 10 days before delivery, resulted in transient neonatal leukopenia and neutropenia in a premature infant.

 Antimetabolites

The antimetabolites are comprised of analogues of folic acid, purines and pyrimidines. Antimetabolites interfere with the function of these components, resulting in deficiencies.

 Amniopterin

Amniopterin is a folic acid antagonist and abortifacient. A known human teratogen , it is no longer used in cancer treatment. The amniopterin syndrome is characterized by central nervous system abnormalities, including spina bifida, mental retardation, hydrocephalus and anencephaly. Other abnormalities include synostosis of the lambdoid sutures, partial or absent ossification of bones, micrognathia, high arched palate, short extremities, syndactyly of fingers, absent digits, clubfoot, large anterior and posterior fontanelles, wide depressed bridge of the nose and wide-set eyes. Cardiac abnormalities such as dextrocardia have also been reported. There are a total of 17 reported cases of malformations following exposure to amniopterin during the first trimester . About half of the cases resulted in a liveborn with the remainder resulting in miscarriage or stillbirth.

 Methotrexate (Amethopterin)

Methotrexate, closely related to aminopterin, also acts as a folic acid antagonist and abortifacient. Methotrexate is commonly used to treat ALL, cancers of the breast, head, neck and lungs  and rheumatic disease. There are four documented cases of malformations consistent with aminopterin syndrome following exposure to methotrexate in utero;. Additionally, an ultrasound study by Van den Hof  .(1990) reported 2 out of 14 fetuses exposed to folic acid antagonists during the first rimester had neural tube defects. Severe myelosuppression has been reported in two infants exposed to methotrexate and other chemotherapeutic agents in utero. There have been over 20 reports of normal pregnancies following fetal methotrexate exposure. Describtion of  10 pregnancies exposed to low-dose weekly methotrexate for rheumatic disease, resulting in 3 spontaneous abortions, 2 elective abortions and 5 normal infants. a  report of  three normal infants, two after first trimester in utero exposure to methotrexate and one after exposure during the third trimester.

 5-Flourouracil (Adrucil, Efudex, 5-FU)

5-FU is a pyrimidine antagonist that interferes with DNA and RNA synthesis. It is commonly used to treat cancer of the breast, colon, stomach, pancreas, ovary, head, neck and bladder  and topically to treat human papillomavirus infections. There is one case report of a therapeutically aborted fetus exposed to 5-FU from 11-12 weeks gestation. The fetus had bilateral radial aplasia with absent thumbs and fingers (two on one hand and one on the other), hypoplasia of the lungs, aorta, thymus and bile ducts and aplasia of the esophagus, duodenum and ureters . Another fetus exposed to 5-FU during the third trimester was structurally normal but had cyanosis and jerking of extremities during the neonatal period . A small but healthy neonate was born following a five month exposure to high dose 5-FU during the second and third trimesters. There have been at least 4 other normal pregnancies reported following in utero exposure to 5-FU . 

 Cytarabine (Cytosar, AraC, Cytosine arabinoside)

Cytarabine is a pyrimidine antagonist that impairs nucleic acid synthesis . It is used in the treatment of AML and ALL. There are two case reports of birth defects associated with cytarabine exposure during pregnancy. A  report an infant exposed to cytarabine early in pregnancy with bilateral microtia, atresia of the external auditory canals and abnormalities in three of four limbs. The second case involved a woman treated with cytarabine and thiogaunine who delivered an infant with distal limb defects including the thumbs and two digits on each foot . Pancytopenia and low birth weight was observed in one infant exposed to cytarabine and several other chemotherapeutic drugs during the first trimester . There are at least 15 case reports of normal infants and fetuses following in utero exposure to cytarabine, with increased numbers if combination chemotherapy cases were added 

 Azathioprine (Imuran)

Azathioprine is a purine antagonist that metabolizes to 6-mercaptopurine . It is most commonly used to treat leukemias, lupus, rheumatoid arthritis , inflammatory bowel disease and as an anti-rejection medication following transplantation . There are three reports of birth defects associated with in utero exposure to azathioprine. One infant was born with unilateral polydactyly . The second case was an infant with pulmonic stenosis who was not exposed during the first trimester . The final case, also exposed in the second trimester, described an infant with an atrial septal defect . Because of the inconsistent nature of these anomalies it is unlikely that azathioprine use during pregnancy increases the risk for birth defects above the general population risk. Intrauterine growth retardation has been noted after in utero exposure to azathioprine, primarily in pregnancies of renal transplantation patients; the underlying disease may have contributed to this observation. In a study examining the outcomes of 103 pregnancies in renal transplantation patients, 90% were exposed to azathioprine during gestation and no increases in birth defects were noted. No congenital anomalies were observed in 20 infants born to mothers treated with azathioprine during pregnancy following heart transplantation. In addition, 14 normal infants were reported following first trimester exposure to azathioprine to treat inflammatory bowel disease. 

 Vinca Alkaloids:

Vinka alkaloids inhibit spindle formation by binding to tubulin and preventing cell division during the M phase of cell division. 

Vinblastine (Velban)

Vinblastine is commonly used in the treatment of Hodgkin’s disease, non-Hodgkin’s lymphoma and breast cancer. Of 10 case reports of fetuses exposed to vinblastine, there were no reported abnormalities. There are two case reports of adverse outcomes following first trimester exposure: one spontaneous abortion and one infant with hydrocephalus . Vinblastine has been used in conjunction with other chemotherapeutic agents; reports of birth defects exist but these have been attributed to other agents.

Vincristine (Oncovin)

Vincristine is used to treat ALL, AML, Wilms’ tumor, Hodgkin’s disease and non-Hodgkin’s lymphoma . Vincristine is also very commonly used in combination with other chemotherapeutics. No congenital malformations were noted in 14 infants born to mothers treated with only vincristine. There have been at least 2 case reports of complications following exposure to vincristine in conjunction with other chemotherapeutic agents; it is possible that these complications were related to the other drugs . 

 Benzodiazepines

Foetal damage may be caused by the use of benzodiazepines during pregnancy. The use of Diazepam and Chlordiazepoxide during the first trimester of pregnancy has been associated with an increased risk of congenital malformations. The passage of the drug across the placenta has resulted in depression of the foetal central nervous system after ingestion of therapeutic doses of a benzodiazepine. Benzodiazepines have a long life in the body before they are removed, therefore to observe the baby takes 24-48 hours, which is much longer than with methadone/heroin users. It is not known whether such drugs are passed in the breast milk.

Synthetic retinoids: Isotretinoin taken early in pregnancy has resulted in 

birth defects and spontaneous abortions. The most significant anomalies include cardiac defects, microtia (small ears), and hydrocephalus. The risk of anomalies is estimated to be 25%. An additional 25% of children exposed in utero have isolated mental retardation. Etretinate is teratogenic in animals and humans. After oral administration, it is stored in subcutaneous fat and slowly released; its metabolite etretin has potential teratogenic effects up to 2 yr after the drug is discontinued.

Anticoagulants: Coumarins can cross the placenta to the fetus, which is highly sensitive to them. The fetal warfarin syndrome may occur in up to 25% of fetuses exposed to warfarin during the 1st trimester; abnormalities include nasal hypoplasia, bone stippling (seen on x-rays), bilateral optic atrophy, and various degrees of mental retardation. Exposure to warfarin during the 2nd or 3rd trimester has been related to optic atrophy, cataracts, mental retardation, microcephaly, and microphthalmia. Fetal and maternal hemorrhage may also occur. 

Heparin, a large, highly charged molecule with little appreciable transplacental access, is the anticoagulant of choice during pregnancy. 

 Possible Teratogenic Drugs in Humans

D-penicillamine
Based on several case reports, high dose treatment of the pregnant woman with D-penicillamine has been associated with connective tissue disorders (cutis laxa).

Methimazole
Methimazole treatment during pregnancy has been associated with scalp defects (aplasia cutis congenita) based on case reports and on an epidemiological study in which methimazole had been added to animal feeds as a weight enhancer, and in those areas a higher incidence of cutis aplasia congenita was found.

Diazepam
First trimester exposure to diazepam has been associated in small studies with a small increase in the incidence of cleft lip and palate. Larger studies did not confirm the association.
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6.0 Enviromental causes of Teratogenicity

 X- ray:

Exposure to poisons at work or at home should be avoided before conception and during pregnancy. Radiation found in x­rays, known as ionizing radiation, also can harm a developing baby. If you are exposed to x­rays at work, you should ask for monthly readings of the amount of radiation before attempting to conceive. A pregnant woman should not be exposed  to more than 0.5 rad total dose for the entire pregnancy, or 0.05 rad in any 1 month. It's best to avoid x­rays for medical purposes if possible. If you get a chest x­ray, for instance, it exposes your baby to about 0.008 rad. However, according to  an April 1993 publication of the American College of Obstetricians and Gynecologists, radiation from video display terminals, color televisions, and microwave ovens is not dangerous during pregnancy. This is called non­ionizing radiation. 

 Effect of Chemicals and Radiation on Pregnancy

The main area of concern in occupational reproductive toxicology is the workplace exposure to the mother during pregnancy and the likelihood of foetal abnormalities resulting from such exposures. Environmental pollutants are certainly responsible for some congenital defects (methyl mercury). Other than radiation, the only occupational exposure known to carry a risk to the foetus is lead  which is known to cause spontaneous abortion and stillbirth. There is also some evidence that exposure to very high levels of lead during pregnancy may, if the foetus survives, cause damage to the central nervous system. Toxic agents may also be transferred via breast milk. Some problems may be encountered when combining breast feeding with work. The most common are fatigue and difficulty in establishing and maintaining lactation. In certain circumstances, it is known that workplace contaminants may be concentrated and excreted in breast milk. These contaminants are most likely to be fat soluble. The best known are some of the organic pesticides (e.g., DDT). 

A population-based medical birth registry linked to the US census for 1976, 1981 and 1986, investigated the delivery outcome of women who worked in the chemical industry or whose cohabiting partners had such work . Infants born of women working in such industry showed a high rate of low birth weight and short gestational length and also of infant death. The latter phenomenon was only seen among infants born in 1976. A pregnancy and lifestyle study investigated the association between occupational and environmental exposure to chemicals and reproductive outcome, live birth, miscarriage or infertility. Female factors associated with infertility were age and home renovating if aged 35 or older. First trimester spontaneous miscarriage was associated with age, visiting factories in the course of work, X-rays of the abdomen, home use of glues and working at home if aged less than 35. The most significant findings of the study were the poor outcomes associated with abdominal/back X-rays and home exposure to chemicals. 

A Scandinavian study examined the relation between employment status during pregnancy and the potential risk of having a premature delivery and a small-for-gestational-age infant . The respondents were divided into five groups: women working throughout pregnancy; women working in the first, but unemployed during the second trimester; women on sick leave in the first and second trimester; women unemployed throughout pregnancy; and students. Studies found that in partially unemployed women had a lower risk of premature delivery, and that women on sick leave had a higher risk of premature delivery compared with working women. 

Overall, there was little evidence that work had any detrimental or beneficial effects on the risk of having a small-for- gestational-age infant or a premature delivery.

Maternal exposure to ionizing radiation increases the risk of leukaemia in the child. The production of oestrogen in high dose increases the risk of vaginal cancer in the offspring. Many epidemiological studies have investigated the claim that work with video display units (VDU) is a risk factor during pregnancy . Results have been inconsistent, and in the majority of cases, the hypothesis was not supported. Overall, the studies indicate that VDU operators are not at greater risk than the general population, because very low frequency (VLF) magnetic fields do not appear to be a risk factor and extremely low frequency (ELF) magnetic field exposure is not significantly greater than that experienced in other occupational and residential environments.

In recent years, studies have been conducted on the biological effects and possible health outcomes of weak electric and magnetic fields . Studies have been presented on magnetic fields and cancer, reproduction, and neurobehavioural reactions. Epidemiologic studies on childhood leukemia and residential exposure from power lines seem to indicate a slight increase in risk, and excess leukemia and brain tumour risks have been reported in '‘electrical’ occupations. In spite of a large number of experimental laboratory studies, however, no plausible and understandable mechanism has been presented by which a carcinogenic effect could be explained. Studies on reproduction, including adverse pregnancy outcomes and neurobehavioral disorders, are generally considered insufficiently clear and inconsistent.
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FDA Categories in Pregnancy:

A = Controlled studies fail to demonstrate a risk to the fetus in the first trimester (and there is no evidence of risk in later trimesters); the possibility of fetal harm appears remote. 

B = Fetal risk not demonstrated in animal studies, but there are no controlled studies in pregnant women, or animal reproduction studies have shown an adverse effect that was not confirmed in controlled studies in women during the first trimester (and there is no evidence of risk in later trimesters). 

C = Either animal studies have revealed adverse effects on the fetus (teratogenic, embryocidal, or other) and there are no controlled human studies, or studies in animals and women are not available. 

D = There is positive evidence of human fetal risk, but the benefits from use in pregnant women may be acceptable despite the risk (eg, if the drug is needed in a life-threatening situation or for a serious disease for which safer drugs cannot be used or are ineffective). 

X = Studies in animals or humans have demonstrated fetal abnormalities or there is evidence of fetal risk based on human experience or both, and the risk of the use of the drug in pregnant women clearly outweighs any possible benefit. The drug is contraindicated in women who are or may become pregnant.

 OTC

Over-the-counter (OTC) drugs are readily accessible, widely used and, because they can be obtained without medical advice, are often perceived as being 'safe'. 

Drugs in general should be avoided during pregnancy if possible. 

Some OTC drugs are known to adversely affect the fetus but drugs for which there is a lack of clinical data may also have the potential to produce adverse fetal effects when taken during pregnancy. In addition to the active drug, excipients of OTC preparations may affect fetal development. Pregnant women should be advised to consult a pharmacist or doctor before using any OTC medication.

 FDA Pregnancy Classification of Antifungal Agents

PRIVATE
Drug
FDA Rating

Amphotericin B
B

Nystatin
A

Flucytosine
C

Clotrimazole
B

All other azoles
C

Terbinafine
B

Griseofulvin
D

Potassium iodide
D

Medications to Avoid During Pregnancy 

The following medications should be avoided during pregnancy: 

 iodides - can cause goiter in the newborn 

 tetracycline - can cause permanent staining of the childs teeth. 

 aspirin or ASA products - can cause severe life-threatening asthma episodes during pregnancy if the expectant mother is sensitive to this drug. 

 antihistamines - the effects are not clearly shown, so avoid if possible or talk with your doctor. 

 sulfonamides - in late pregnancy are associated with increased bilirubin in the newborns blood. 

 Pharmacotherapy for Hypertension During Pregnancy
Atenolol use may be associated with growth retardation when given in pregnancy,

Nifedipine and prazosin as second agents allowed comparable amounts of time to be gained, although this changed when used as crossover third-line agents. The efficacy and safety of nifedipine in this study are consistent with the results of other studies. A greater number of intrauterine deaths occurred in the prazosin group.

 Antiviral

PRIVATE
Agent
FDA category

Acyclovir
C

Amantadine
C

Didanosine
B

Famciclovir
B

Foscarnet
C

Ganciclovir
C

Rimatandine
C

Stavudine
C

Zalcitabine
C

Zidovudine
C

Lamivudine
C

Abacavir
C

Nevirapine
C

 Asthma

Factors that may improve asthma 

1. Progesterone mediated bronchodilation 

2. Estrogen or progesterone-mediated potentiation of beta adrenergic bronchodilation 

3. Decreased plasma histamine-mediated bronchoconstriction 

4. Pulmonary effect of increased serum free cortisol 

5. Glucocorticosteroid-mediated increased beta-adrenergic responsiveness 

6. Prostaglandin E-mediated bronchodilation 

7. Prostaglandin I2-mediated stabilization 

8. Atrial natriuretic factor-induced bronchodilation 

9. Increased half-life or decreased protein binding of endogenous or exogenous bronchodilators 

Asthma Management During Pregnancy


The principles of asthma management apply to pregnant patients; i.e. the avoidance of asthma triggers, use of bronchodilators as quick relief medications for patients with intermittent asthma, with the addition of anti-inflammatory drugs, i.e. inhaled corticosteroids, for patients with persistent asthma. However, in pregnant patients, every effort must be made to avoid acute exacerbations of asthma, due to the associated risk of fetal hypoxia. 

 NSAID

1. Acular;    not for use in pregnancy and lactation.
2. Alomide  precautions limit use in pregnancy and lactation

3. Livostin   limit use in pregnancy and lactation

4. Livostin    Direct Eydrops; not to be used in pregnancy

5. Rapitil     not during pregnancy. 

6. Vividrin   not during pregnancy.

 Diabetes

Oral hypoglycemic agents being contraindicated in pregnancy, insulin is the treatment of choice in all cases of gestational diabetes and diabetes complicating pregnancy not only to control hyperglycemia but also to prevent fetal complications like macrosomia, sacral agenesis and intra-uterine deaths. 

 Antibacterial

Pregnancy Risk Categories

PRIVATE
 Category
Example
Description

A
(Low Risk)
very few
Thyroid Hormones; Pyridoxine (Vitamin B6)
Studies in pregnant women show no adverse effects on the fetus during the first trimester of pregnancy, and there is no evidence of adverse effects in later trimesters.

B
Penicillin V
Potassium
( Pen-Vee K®)
Studies in animals show adverse effects on the fetus, but human studies show no adverse effects on the fetus; OR Studies in animals show no adverse effects on the fetus, but human studies have not been done.

C
Ascorbic acid
(Vitamin C)
Acetyl-
salicylic
acid
(Aspirin)
category D in 3rd trimester
Animal studies have shown an adverse effect on the fetus but there are no adequate studies in humans; the benefits of the drug in pregnant women may be acceptable despite its potential risks; or There are no animal reproduction studies and no adequate studies in humans.

D
Paclitaxel 
(Taxol®)
There is evidence of human fetal risk, but the potential benefits from the use of the drug in pregnant women may be acceptable despite its potential risks.

X
(High Risk)
Diethyl-
stilbestrol
(DES®) 

Finasteride (Propecia®)
Isotretinoin (Accutane®)
Thalidomide (Thalomid®) 
Studies in animals or humans demonstrate fetal abnormalities or adverse reaction reports indicate evidence of fetal risk. The risk of use in a pregnant woman clearly outweighs any possible benefit.

NR
Acet-
aminophen
(Tylenol®)
Not rated.

PRIVATE
Agent
FDA category

beta-Lactams


Penicilins
B

Penicilins w/beta-lactamase inhibitors
B

Cephalosporins
B

Moxalactam
C

Imipenem/cilastatin
C

Aztreonam
B

Aminoglycosides


Amikasin
D

Gentamicin
C

Netilmicin
D

Tobramycin
D

Macrolides


Erythromycin
B

Azithromycin
B

Clarithromycin
C

Others


Fluoroquinolones
C

Metronidazole
B

Sulfonamides
C

Tetracyclines
D

Trimethroprim
C

Vancomycin
B

 Antibiotics 

Another class of drug that, if taken during pregnancy, can cause problems. Different antibiotics cause different problems. 
Penicillins, cephalosporins and erythromycin are considered the antibiotics of choice during pregnancy, with wide safe margin. 
Aminoglycosides, sulfonamides, and metronidazole are not contraindicated during pregnancy and can be used when indicated. 
Quinolones were blamed for causing arthropathy in children but are not teratogenic. However, they should be probably avoided during pregnancy, and future studies will shed light on their effect on cartilage formation. 

Perhaps the only antibiotics that should be avoided during second and third trimester are tetracyclines due to their effects on teeth and bone, although no teratogenicity was shown to occur with these drugs. 

 Corticosteroids

Administration of corticosteroids to pregnant animals can cause abnormalities of foetal development including cleft palate/lip and effects on brain growth and development. However, in humans, there is no convincing evidence that systemic corticosteroids cause an increased incidence of congenital abnormalities, such as cleft palate or lip. 

 CHF

Medical Treatment
 Heparin 
 Diuretics (if CHF develops, Lasix) 
 Digitalis/Antiarrhythmics for cardiac failure/arrhythmias 
 Antibiotics (esp. for clients with valve replacement
 Digoxin: is indicated in atrial fibrillation to slow the ventricular response and in acute heart failure to increase myocardial contractility.

 Diuretics are used in acute and chronic heart failure with potassium supplements in prolonged therapy.

 Beta - adrenergic blockers: as propranolol may be indicated for arrhythmia associated with ischaemic heart disease.

 Aminophylline : relieves bronchospasm.

 Heparin : is indicated in patients with artificial valves or atrial fibrillation.
Effect Of Heart Disease On Pregnancy

(1) Abortion.

(2) Intrauterine growth retardation. 

(3) Still birth.

(4) Premature labour.

 Ulcer

Non-absorbable antacids like aluminium hydroxide/magnesium hydroxide (Maalox) or magaldrate (Dynese) are quite safe in the second and third trimester but safety in the first trimester is not fully established. The reflux suppressant containing alginate (Gaviscon) is regarded as safe in all stages of pregnancy 

 Hyperlipidemea

In view of the protection against CHD enjoyed by most pre-menopausal women treatment of hyperlipidaemia is rarely indicated. Cholecystyramine may be used if a woman of reproductive age requires treatment and may be continued through pregnancy if considered essential, since it is not absorbed systematically. In contrast simvastatin, pravastatin, gemfibrozil and clofibrate are all contraindicated during pregnancy. As atherosclerosis is a chronic process, discontinuation of lipid-lowering drugs during pregnancy should have little impact on the outcome of long-term therapy of primary hypercholesterolaemia. 

CONCLUSION: 

Patient Counseling in Pregnancy therapy:

 If you used a medication before learning that you were pregnant, or need drug therapy for a chronic health condition.Not every medication poses a risk to your unborn baby. However, some do. Talk to your doctor.Discuss the relative risks and benefits of any prescribed drug therapy and do NOT take over-the-counter drugs or naturopathic remedies without first consulting your physician.

 If you experimented with certain illegal drugs before learning that you were pregnant...Don't panic. Talk to your doctor and work with him or her to understand the risk to your unborn child. And decide not to use illegal drugs again. If you're struggling with a habit that you can't seem to break, get help. Motherisk can refer you to several programs.

 If you look forward to that afternoon cigarette break... Smoking is the leading preventable cause of low birth weight in babies. Underweight babies are vulnerable to numerous health problems. So avoid smoking and try not to be a passive smoker of someone else's cigarette, cigar or pipe. If smoking is a habit, try to quit or at the very least, cut back. It will help you and your baby.

After counseling of the pregnant woman, severe psychiatric illness may compel drug treatment. To minimize the risk of fetal and neonatal toxicity, including an abstinence syndrome, the physician should prescribe the lowest dosage that provides adequate control of the woman's illness. The neonate must be monitored for evidence of persistent drug effect or development of an abstinence syndrome. The Committee encourages long-term research on prospective studies of structural malformations and neurobehavioral teratogenicity. 
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