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Preface


The clinical practice of obstetrics and gynecology requires constant vigilance in updating our knowledge base. A few years ago, the five chairs—Gautam Chaudhuri, Linda Giudice, Thomas Moore, Manuel Porto, and Lloyd Smith—of the five Departments of Obstetrics and Gynecology in the five University of California (UC) medical schools agreed to produce a text designed to update the clinical science with emphasis on the last 10 years of our science. I was “volunteered” to serve as senior editor, and we have restricted authorship to only UC faculty as of 2010, realizing some members have moved on since the project began. The authors have strived to keep the information current and very readable to accommodate the schedules of busy clinicians. All of the proceeds from this work will be used to create a fund for seed research grants to University of California faculty in women’s health on a peer review basis.


I would like to personally thank the authors and editors who also volunteered their time and efforts: Carolyn Alexander, Sara Arian, Shannon R. Bales, Kathleen Brennan, Marcelle Cedars, John Chan, Gautam Chaudhuri, Angela Chen, Inder Chopra, Tatiana Stanisic Chou, Judith Chung, Deborah Cohan, Craig Cohen, Deirdre Conway, John Dalrymple, Philip Darney, Khady Diouf, Robert M. Ehsanipoor, Tania Esakoff, Robin Farias-Eisner, Christine Farinelli, Nicole D. Fleming, Esther Friedrich, Katherine Fuh, Linda C. Giudice, Afshan Hameed, Tamera J. Hatfield, J. Seth Hawkins, Stephen Hebert, Kathryn Hirst, Heather Huddleston, Andrew D. Hull, Erica Boiman Johnstone, Jennifer Jolley, Daniel Kahn, Thomas Kelly, Caron Kim, Jae H. Kim, D. Yvette LaCoursiere, Felicia Lane, Jennifer Lee, Carol A. Major, Ruchi Mathur, Bradley Monk, Thomas R. Moore, Susannah Mourton, Lauren Nathan, Erica Oberman, Joanne Perron, Nicole M. Petrossi, Manuel Porto, Kristen H. Quinn, Gladys A. Ramos, Andrea Rapkin, Katherine Rauen, Anne Rodriguez, Wendy Satmary, David Schrimmer, Brian Shaffer, Mousa Shamonki, Amanda Skillern, Lloyd Smith, Karen Smith-McCune, Andrew H. Spencer, Carolyn Sufrin, Patrice Sutton, Christopher Tarnay, Maryam Tarsa, Krishnansu Tewari, Mari-Paule Thiet, Julianne Toohey, Steven Vasilev, Carrie M. Wambach, Deborah Wing, Douglas Woelkers, Richard Wolf, Lynlee Wolfe, Tracey Woodruff, Shagufta Yasmeen, and Peter Yuan.





“Education never ends, Watson. It is a series of lessons with the greatest effort for the last.”


SIR ARTHUR CONAN DOYLE (1859-1930)
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Female Development
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Key Updates







1. Screening for carriers of single gene disorders—is it time for expansion?


2. Women of Eastern European/Ashkenazi Jewish descent should be offered carrier screening for Tay-Sachs, Canavan, familial dysautonomia, and cystic fibrosis.


3. Women at risk for having a fetus affected with a hemoglobinopathy should be offered screening with a complete blood count, and hemoglobin electrophoresis or high-performance liquid chromatography.


4. The performance of screening for cystic fibrosis depends on the geographic ancestry and number of mutations assessed in molecular testing.


5. Women with a family history of undiagnosed cognitive disability, autism, or premature ovarian failure should be offered carrier screening for Fragile X.


6. Universal carrier screening for spinal muscular atrophy (SMA) is controversial and currently should be offered to those with a family history.


7. All pregnant women should be offered invasive prenatal diagnosis.


8. Risks of invasive prenatal diagnosis may be lower than previously reported.


9. Chromosomal analysis with array comparative genomic hybridization (CGH) offers unique advantages and disadvantages and may be warranted in certain clinical circumstances.


10. Private umbilical cord blood banking may be used to treat a number of genetic, hematologic, and malignant disorders but should be considered investigational.


11. Noninvasive prenatal diagnosis may be possible in determining the fetal sex and blood type.









Screening for Carriers of Single Gene Disorders








UPDATE #1


The role of the obstetrician-gynecologist providing prenatal care continues to expand, and the discussion of carrier screening in the preconception or early prenatal period is necessary. The goal of a carrier-screening program is to provide risk assessment and to offer timely and cost-effective testing with the choice of prevention or preparation for the birth of an affected child. Such screening has traditionally been based on geographic ancestry, although others advocate offering screening to all patients (ACOG Committee on Genetics, Committee Opinion No. 442, 2009; Norton, 2008; Musci, 2005).









Role of the obstetrician-gynecologist







1. The obstetrician-gynecologist provides care for women at nearly every stage of their lives; thus we have a unique opportunity to assess the potential risk for genetic disease prior to or during early pregnancy.


2. Women who are determined to have a family history of genetic disease should be referred for formal genetic counseling. Those who are determined to be at risk based on geographic ancestry are offered appropriate screening testing either by the obstetrician-gynecologist or in the setting of formal genetic counseling. Recently, advocacy groups and some authorities have recommended expansion of carrier screening (ACOG Committee on Genetics, Committee Opinion No. 442, 2009; Musci, 2005; Norton, 2008).












Characteristics for a successful screening program







1. To warrant screening for carrier status of single gene disorder, the disorder must be of considerable clinical severity and frequency to warrant screening.


2. A timely, cost-effective, or relatively inexpensive test must be available that affords reliable carrier diagnosis and prenatal diagnosis.


3. Further, as carriers are asymptomatic and typically have a negative family history (and thus often have no personal experience with the disorder), appropriate nondirective genetic counseling and education must be provided such that appropriate decision-making occurs.


4. The main goal of a genetic carrier screening program includes prevention, which may be accomplished in a number of ways once carriers are identified: forgoing pregnancy, adoption, in-vitro fertilization (IVF) with preimplantation diagnosis (PGD), gamete donation, or prenatal diagnosis with termination of an affected pregnancy.


5. In addition to prevention, other benefits of prenatal diagnosis include adequate time for education and preparation for the birth of an affected child, and a planned delivery in a center where the neonate may receive immediate and appropriate care (Musci, 2005).















Ethnicity-based screening: geographic ancestry versus universal screening









1. 



Screening for different disorders may be universal or based on different “ethnic” groups because a mutation associated with the disorder occurred originally in a small population (founder effect) that was isolated for religious, geographic, or political reasons or in some instances offered an advantage. Therefore, these “gene changes” or genetic mutations are present in a higher frequency in that population (e.g., those of Ashkenazi and Eastern European Jewish descent). It is important to be mindful that it is not the “ethnicity” per se that is causative but one’s “geographic ancestry” that determines the risk for carrying different mutations/variants, and the provider’s language should reflect these details (ACOG Committee on Genetics, Committee Opinion No. 442, 2009; Musci, 2005; Norton, 2008).



2. A number of professional organizations, advocacy groups, and carrier screening companies recommend an expansion of heterozygote screening for interested couples because of lower costs, indistinction of ethnicity, and geographic ancestry, among other reasons. We will discuss these details in the key updates that follow.












Carrier Screening Based on Ashkenazi Jewish Ancestry








UPDATE #2


Carrier screening for Tay-Sachs, Canavan, familial dysautonomia, and cystic fibrosis should be offered to all women of Ashkenazi Jewish ancestry (ACOG Committee on Genetics, Committee Opinion No. 442, 2009). Some professional organizations recommend screening for additional disorders, which vary in incidence, clinical severity, and availability of treatment (Gross et al, 2008; Monaghan et al, 2008). After considering patient population characteristics, local resources (e.g., formal genetic counseling), and a discussion with the local/regional prenatal diagnosis provider, providers may determine if they will offer additional testing.







A. The current American College of Obstetricians and Gynecologists (ACOG) screening recommendations suggest offering testing for Tay-Sachs, Canavan, familial dysautonomia, and cystic fibrosis to individuals of Ashkenazi Jewish descent (ACOG Committee on Genetics, Committee Opinion No. 442, 2009).


B. Individuals may inquire about other disorders with an increased incidence in those of Ashkenazi Jewish descent (Table 1-1) and may be referred for formal genetic counseling and testing.


C. ACOG does not currently recommend screening for all the disorders listed in Table 1-1. The authors cite decreasing carrier frequency and in some cases diminished severity (e.g., Gaucher disease) of the disorder with limited or no limitations on cognitive performance and increased availability of treatment (e.g., enzyme replacement therapy for Gaucher) in support of the policy. Advocacy groups and those with a family history of Gaucher have supported offering screening to all individuals at an increased risk (ACOG Committee on Genetics, Committee Opinion No. 442, 2009).


D. In contrast, because of the high detection rates and reliable DNA-based and enzyme testing, the American College of Medical Genetics (ACMG) recommends offering testing for each of the disorders listed in Table 1-1 to those at an increased risk. Furthermore, the organization concludes that each disorder meets the criteria for inclusion in a screening program (see Characteristics for a successful screening program, in the preceding list) (Gross, Pletcher, Monaghan, 2008).


E. At times, clinicians may be placed in a difficult position and may have to choose between conflicting sets of recommendations to determine how to best serve their patients. We suggest discussing this with your local prenatal diagnosis provider(s) or referral center to determine what is routinely offered in that setting.



1. More specifically, the ob-gyn can offer a concise statement to each patient of Ashkenazi descent about these disorders and refer any patients who express any interest or concern for additional education and potential testing.


F. In the future, screening for genetic disorders may become more widespread because of the indistinction of traditional ethnic groups. Specifically, admixing of populations in which individuals often have grandparents of different ethnicities/geographic ancestries make specific risk calculations less accurate and more complex to determine.


G. If one individual in a couple is of a high-risk group, that individual should be screened first. If that person is a determined to be a carrier, then the partner (regardless of ethnicity) should be offered screening (ACOG Committee on Genetics, Committee Opinion No. 442, 2009).


H. The relatively low cost of performing such screening may afford properly counseled individuals (and their partners) the ability to undergo carrier testing for a number of conditions in the near future. For instance, one commercial company offers carrier screening for more than 100 autosomal recessive disorders, at a cost that is slightly more than screening for cystic fibrosis at a traditional commercial laboratory. This and other companies offer such testing and directly advertise to consumers, including women (and their families) who are pregnant or are planning a pregnancy or in-vitro fertilization (IVF). Such screening may eventually become commonplace as the cost of carrier screening and additional testing continues to decrease in cost. It is critical that women and their families undergo appropriate genetic counseling to understand the risks and benefits of such testing and that each disorder meet the criteria for a carrier screening program.



1. For instance, inclusion of hereditary hemochromatosis (HH) in a universal carrier screening program is somewhat problematic. HH is an autosomal recessive disorder with a carrier frequency of approximately one in nine in those of European descent. The disorder leads to inappropriate absorption of iron and typically manifests late in adulthood. Most individuals who are homozygous for the common disease-causing alleles do not have end-organ disease, so it is difficult for most authorities to advocate for universal screening.







TABLE 1-1 Ashkenazi Jewish/East European—Geographic Ancestry-Based Carrier Screening
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Carrier Screening for Disorders of Hemoglobin








UPDATE #3


Hemoglobinopathies continue to affect a significant proportion of neonates born in the United States, resulting in considerable morbidity and mortality. Effective carrier screening utilizing traditional geographic-based ancestry screening with mean corpuscular volume (MCV) and hemoglobin electrophoresis in those without iron deficiency anemia can efficiently identify those at risk for having an affected child (ACOG Committee on Genetics, Practice Bulletin No. 78, 2007).







A. Screening for hemoglobinopathies based on specific ethnic groups, race, or geographic ancestry may be of limited value, as the geographic and ethnic distribution of hemoglobinopathies has broadened.


B. Hemoglobin S or sickle cell is well known and quite common in those of certain geographic ancestry. Additional hemoglobin variants (e.g., hemoglobin C, E, B, or D) may also result in serious sequelae.


C. ACOG recommends that individuals at increased risk of carrying a hemoglobinopathy should be offered screening.


D. Individuals from a Northern European, Japanese, Native American, Inuit, and Korean background are considered at low risk for a hemoglobinopathy, likely because of a common limited ancestral exposure to malaria, as hemoglobin S offers a survival advantage to those infected with malaria (ACOG Committee on Genetics, Practice Bulletin No. 78, 2007) (Table 1-2).


E. Screening for variant forms of hemoglobin (e.g., Hb S) is best accomplished by hemoglobin electrophoresis or high-performance liquid chromatography (HPLC). Additional forms of testing employed, such as solubility testing (Sickledex), cannot detect additional clinically important hemoglobin variants (e.g., Hb C, E, B, D, or β thalassemia) and are thus less useful in screening for hemoglobinopathies and prenatal diagnosis.


F. Mean corpuscular volume (MCV) is employed as a screen for those at risk for thalassemia. Most authorities have proposed a cutoff of 80 fL, which is overall considered to be sensitive; however, others suggest that in high prevalence areas (e.g., those of Southern Chinese or Thai descent) a cutoff of 85 fL be considered (Chan et al, 2001).


G. Those with a low MCV and a normal hemoglobin electrophoresis or HPLC without iron deficiency anemia are at risk of α thalassemia, and partner testing and molecular diagnosis should be offered.


H. Iron deficiency anemia can mislead clinicians and can be diagnosed via serum ferritin, zinc protoporphyrin or a number of other diagnostic tests.


I. Use of MCV in combination with hemoglobin electrophoresis can be diagnostic for β thalassemia. A detailed algorithm for carrier screening is proposed later (Musci, 2005). (Figure 1-1)








TABLE 1-2 Ethnic/Geographic Ancestry at Significant Risk for Hemoglobinopathies






	Disorder

	Important Disease Causing Genotypes

	Diagnostic Tests






	Sickle Cell Anemia






	African American, African, Mediterranean (Greek, Italian), Turkish, Arabic, Southern Iranian, Asian Indian, Brazilian, Central American

	HbSS
HbSC
HbS/β0-thalassemia

	Hgb electrophoresis (both cellulose acetate and citrate agar electrophoresis)
High-performance liquid chromatography (HPLC)
Thin layer isoelectric focusing with solubility test






	Alpha Thalassemia






	Southeast Asian, Pacific Islander, Middle Eastern, Indian, Chinese Mediterranean, African (not African American)

	(--/--) Barts
(α-/--) Hb H disease
α -thalassemia trait
hypochromic/microcytic anemia
(α-/α-) African (trans)
(--/αα) SE Asian (cis)

	MCV <80 fL
MCV <85 fL (in highest risk)
Normal Hb electrophoresis
Molecular diagnostic testing: gap-PCR (common deletions), multiplex ligation-dependent amplification (MLPA)






	Beta Thalassemia






	Mediterranean (Italy, Greece), East Asian (China, Thailand), Middle Eastern (Turkey, Pakistan), Central Asia (West India), African American

	β0-thalassemia
β+-thalassemia
HbE/β-thalassemia

	MCV<80 fL
Elevated HbA2 (≥3.5%)
Molecular diagnostic testing: PCR, allele-specific oligonucleotides (ASO), others
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Figure 1-1 Carrier evaluation for prenatal patients at risk of hemoglobinopathy. Hemoglobin electrophoresis can be substituted for high-performance liquid chromatography (HPLC). MCV = Mean corpuscular volume; HPFH = Hereditary persistence of fetal hemoglobin.


(From Musci TJ: Screening for single gene genetic disease, Gynecol Obstet Invest 60:19-26, 2005.)















Carrier Screening for Cystic Fibrosis








UPDATE #4


Carrier screening for cystic fibrosis (CF) is common, and many individuals regardless of geographic ancestry undergo screening during the preconception or prenatal period. Providers should counsel patients that depending on their specific ancestry and the number of mutations assessed in the panel, the performance of the test varies for each couple. Specifically, the highest sensitivity is obtained in those of Ashkenazi or Northern European descent, whereas information is limited in those of Asian descent. Specific risks may be calculated for an individual patient and her partner (Committee on Genetics, American College of Obstetricians and Gynecologists, Committee Opinion No. 325, 2005).







A. Obstetricians have been routinely offering cystic fibrosis screening to patients for nearly 10 years. Initially, testing was limited to those of Caucasian ancestry. In a more recent survey, two thirds of obstetricians routinely offered carrier screening to all patients, regardless of the patient’s ethnicity (Morgan et al, 2005).


B. Obstetricians report finding increasing difficulty in assigning a single ethnicity.


C. Providers felt that offering carrier screening with decreased sensitivity was acceptable as long as the patient understood the limitations of testing (Table 1-3).


D. Specifically, negative carrier screening reduces but does not eliminate the risk of being a carrier.


E. Residual risks can be calculated and provided to women and their partners.


F. For those at risk of having an affected child, a definitive phenotype is very difficult to predict.


G. ACOG supports the practice of offering screening to all women as long as women are aware of their risk and the limitations of testing are reviewed.


H. Offering testing to all individuals will not afford a greater understanding of the patient’s true ethnic or geographic ancestry; however, if no mutations are detected, the patient’s risk of having an affected child decreases. Further, if a mutation is detected, appropriate workup may continue; thus, ACOG has supported this approach.


I. Although there are more than 1300 known mutations in the cystic fibrosis gene, ACMG currently recommends a 23 mutation panel for carrier screening, which includes the most common mutations (i.e., those accounting for more than 0.1% of all cases of cystic fibrosis) found in those with cystic fibrosis.


J. A number of commercial laboratories offer expanded panels of up to 97 different mutations. These panels have increased sensitivity, but there is an additional cost (Watson et al, 2004).


K. Expanded screening or gene sequencing should be considered when one partner is a carrier and the other is not of Caucasian ancestry or when there are features suggestive but not diagnostic on prenatal ultrasound (e.g., echogenic bowel). Residual risks can be calculated and discussed with the couple (Norton, 2008).


L. Specific variants of note:



1. If and only if an R117H gene variant mutation is detected, proceed with 5T/7T/9T variant testing. Both 7T and 9T are considered polymorphisms, whereas 5T is a variably penetrant mutation.



2. Classic CF occurs when 5T is found on the same chromosome as R117H and there is a classic mutation (e.g., ∆F508) on the other chromosome.



3. In a female with 5T on one chromosome and a classic mutation on the other, no clinical significance is predicted; however, males with this same mutation configuration will likely have congenital absence of the vas deferens and resultant infertility.



4. Carriers of R117H will likely benefit from genetic counseling.



5. The I148T variant was on the initial ACMG panel and does not appear to be a disease-causing mutation. The most recent ACMG guidelines recommend removing this variant from screening panels; however, commercial laboratories may still report this genetic variant.



6. The mutation 3199del6 is a disease-causing mutation but occurs in less than 0.1% of those with CF and is not included on the ACMG panel. Clinicians often proceed with 3199del6 testing in the setting of I148T variant because of its association with I148T (Watson et al, 2004).







TABLE 1-3 Cystic Fibrosis: Incidence, Carrier Risks and Detection Rates∗
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Screening for Fragile X Syndrome








UPDATE #5


Because of the frequency, severity, and lack of effective treatment, advocates recommend expanding carrier screening to all women (Musci, 2005), rather than only to women with the traditional indications such as a family history of Fragile X, tremor/ataxia syndrome, unexplained autism or cognitive disability, or a personal history of an unexplained learning disability or premature ovarian failure. However, because of the relative genetic complexity of the disorder, formal genetic counseling should be offered prior to universal carrier testing (American College of Obstetricians and Gynecologists Committee on Genetics, Committee Opinion No. 469, 2010; Norton 2008).










A. Fragile X is the most common form of inherited mental retardation, and those affected often have cognitive disability, craniofacial dysmorphisms, speech and language difficulties, and behavior abnormalities such as autism or autistic-like features.


B. Fragile X affects individuals from a variety of ethnic backgrounds and is inherited in an X-linked manner; however, the molecular genetics are complex. Fragile X occurs secondary to hypermethylation and results in an altered transcription of the Fragile X mental retardation 1 (FMR1) gene.


C. Hypermethylation occurs with expansion of a trinucleotide repeat (cytosine-guanine-guanine, or CGG). Though each commercial laboratory may have slightly different numbers, a general classification for CGG repeats is listed here (Table 1-4):



1. Unaffected individuals have fewer than 40 CGG repeats.



2. Intermediate or “gray zone” alleles range from 41 to 60.



3. Individuals with 61 to 200 CGG repeats have a premutation and are phenotypically normal.



a. Women with premutations are at increased risk for premature ovarian failure (POF) and having an affected child.



b. Males are at risk of a late-onset neurodegenerative disorder characterized best by tremor and ataxia. This condition is known as Fragile X–Ataxia (FXTAS). Women are also at risk of FXTAS, but have a lower risk of exhibiting signs and symptoms.


(1) Approximately 17% of men exhibit signs and symptoms of FXTAS prior to age 60.



(2) The risk for women is less, but precise estimates are not currently available.



c. The risk of expansion to a full mutation is greater with an increased number of CGG repeats.



d. The lowest number of CGG repeats to expand to a full mutation in a single generation (i.e., mother to child) is 56 repeats.



e. Consideration of prenatal diagnosis and genetic counseling is warranted in those with gray zone alleles with 56 or more CGG repeats (Sherman, et al, 2005; Murray, et al, 2001; American College of Obstetricians and Gynecologists Committee on Genetics, Committee Opinion No. 469, 2010; Saul et al, 2010).


D. Those with >200 CGG repeats have a full mutation, and all males and approximately 50% of females are affected with Fragile X syndrome. Women with full mutations are at risk of having an affected child.


E. Who should be offered carrier screening for Fragile X?



1. Women with a family history of Fragile X, autism, unexplained learning disability or unexplained mental retardation should be offered screening.



2. Prenatal diagnosis should be offered to known premutation and full mutation carriers and to those with known affected relatives to assess their own reproductive risks.



3. Offer screening to all women with a personal history of a learning disability, premature ovarian failure, or elevated follicle-stimulating hormone (FSH) at age <40.



4. At the present time, the ACMG and ACOG do not currently endorse population screening because of the complexities of inheritance and variation in phenotype in females in addition to the requirements for formal genetic counseling and the potential limited geographic availability of such testing. Further, in one study about the feasibility of universal testing, not all women could understand the complex genetic risks despite being in favor of such testing (American College of Obstetricians and Gynecologists Committee on Genetics, Committee Opinion No. 469, 2010; Sherman et al, 2005).



5. Because of reliable diagnostic testing, the severity of the phenotype, the presumed cost-effectiveness, and prior study participants’ desire to undergo screening in a number of research settings, some centers routinely offer Fragile X screening to all women of reproductive age. In addition, routine screening occurs in Israel, and several reports of universal screening success and acceptability have been published (Toledano-Alhadef et al, 2001). Additional reports from prenatal diagnosis centers where Fragile X screening is routine with available genetic counseling including concise education is eagerly awaited prior to the adoption of universal screening for Fragile X syndrome for all women of reproductive age.










TABLE 1-4 Fragile X CGG Repeat Expansion, Risks, and Clinical Phenotype
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Carrier Screening for Spinal Muscular Atrophy (SMA)








UPDATE #6


SMA is the second most common fatal autosomal recessive disorder, and screening should be offered to all those with a family history of SMA. Some organizations have proposed universal screening because of the clinical severity, incidence, and limited treatment options, but others have opposed this idea because of the lack of appropriate educational and cost-effectiveness analysis studies, widespread availability of genetic counseling, and testing limitations such as the inability to predict phenotype in the absence of a family history and testing challenges such as a considerable false negative rate (ACOG Committee on Genetics, Committee Opinion No. 432, 2009; Prior et al, 2008).







A. SMA is an autosomal recessive disorder that leads to progressive muscle weakness and paralysis. The α motor neurons in the anterior horn of the spinal cord are affected.


B. SMA is the second most common fatal autosomal recessive disorder and is characterized by three clinical courses.



1. SMA I (Werdnig-Hoffman) is the most severe and typically results in death secondary to respiratory failure at 2 years of life.



2. Survival improves in those affected with SMA II, but children are unable to sit, stand, or walk unaided. This is the most common form of SMA, and these individuals often die of respiratory failure in adolescence.



3. Those with SMA III (Kugelberg-Welander) are able to learn to walk unaided, and the onset usually occurs after 18 months. The signs and symptoms of SMA III can be quite variable, and these individuals may have a normal life expectancy (ACOG Committee on Genetics, Committee Opinion No. 432, 2009; Prior et al, 2008).


C. SMA is usually caused by deletion on both copies of survival motor neuron 1 (SMN1). A second gene, survival motor neuron 2 (SMN2), is nearly identical to SMN1 but does not produce protein. There may be zero to two copies of SMN2, which influences the severity of SMA. In addition, 15% of normal individuals may have no copies of SMN2.


D. Carrier detection is problematic in 3% to 4% of the population, as these individuals have no phenotypic features of SMA and have two SMN1 copies on one chromosome and none on the other. Because of testing limitations, these individuals are not identified as carriers but are still at risk of having an affected child.


E. Carrier detection is also a challenge in that SMA arises from a de novo mutation event in 2% of cases (Table 1-5).


F. Because of the severity of the disease, limited treatment, reliable DNA-based testing, and relatively high panethnic carrier frequency, universal carrier screening has been proposed.


G. The ACMG recommends offering routine carrier screening to all couples; however, at present, ACOG does not recommend universal screening for SMA.



1. The rationale proposed by ACOG supporting the limitation of universal screening prior to launching universal screening is as follows:



a. Limitations in predicting the type (i.e., I, II or III) of SMA in the absence of a family history.



b. A lack of study data relating to education and counseling, patient preferences, and utility measurements enabling an appropriate cost effectiveness analysis.



c. Availability and logistics for patients to obtain appropriate genetic counseling services.


H. Consideration of universal screening may be warranted if couples understand the genetics of SMA and the limitations of testing (i.e., false negative rate) in the setting of formal genetic counseling.



a. With such a severe illness, studies on patient preferences, cost utility, and feasibility will hopefully be forthcoming (Prior et al, 2008).







TABLE 1-5 Carrier Screening for Spinal Muscular Atrophy
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Invasive Prenatal Diagnosis








UPDATE #7


All women should be offered screening or invasive prenatal testing for aneuploidy via amniocentesis or chorionic villus sampling (CVS). Each woman should be provided risks of aneuploidy or other genetic disorder based on her age-related risk or those derived from serum or ultrasound screening. Women should be offered counseling to individually weigh the risks of a procedure related loss with the risk of having an affected fetus (American College of Obstetricians and Gynecologists, Practice Bulletin No. 88, 2007).







A. The ACOG recently recommended that invasive prenatal diagnosis be made available to all women regardless of maternal age.



1. Pretest counseling should consist of a detailed discussion of screening compared with invasive testing including the following:



a. Screening counseling should include which disorders have reliable screening, including the anticipated sensitivity and specificity of carrier screening.



b. Invasive testing counseling should review the disorders that may be detected (i.e., aneuploidy other than Down syndrome), the prognosis, and the risks and specific options (CVS and amniocentesis) of invasive testing.




2. Several studies have illustrated that women weigh the risk of having an affected fetus, the risk of a procedure-related loss, and the consequences of having an affected child differently, and each should be offered clear and accurate information in an unbiased manner (American College of Obstetricians and Gynecologists, Practice Bulletin No. 88, 2007).












Risks of Invasive Prenatal Diagnosis








UPDATE #8


Procedure-related loss caused by invasive testing has traditionally been quoted as 1 in 200, but recent studies indicate that this is an overestimation. The procedure-related loss rate for invasive testing does not appear to be different by procedure type (CVS versus amniocentesis) or route (CVS by transabdominal or transcervical) and is approximately 1 in 300 to 500 in experienced centers. Early CVS (<9 weeks) or amniocentesis (<14 weeks) can be associated with increased rates of malformations or pregnancy loss (American College of Obstetricians and Gynecologists, Practice Bulletin No. 88, 2007; Caughey et al, 2006; Eddleman et al, 2006, Odibo et al, 2008).













A. Update on Chorionic Villus Sampling (CVS)



1. Procedure-related pregnancy loss rate



a. The attributable loss rate after CVS will always be higher than amniocentesis secondary to the increased background loss rate at earlier gestational ages. Recent studies have suggested that the gap of procedure-related loss may be closing, and in an experienced center, may actually be closer to expectant management than previously understood.



(1) In one recent retrospective cohort study spanning two decades, the procedure-related loss rate was highest in the earliest years and lowest more recently—the loss rate associated with CVS was 1 in 360, which was not different than amniocentesis but higher than expectant management (Caughey et al, 2006).



(2) A meta-analysis suggested that pooled total pregnancy loss rates were similar for amniocentesis and CVS


(a) Improved provider skill and ultrasound technology are proposed as potential ameliorating factors in improved loss rates.



(3) The route of CVS, transcervical or transabdominal, does not appear to affect the miscarriage rate after CVS.






2. Fetal injury/malformation associated with CVS



a. CVS should not be performed prior to 9 completed weeks.


(1) Limb reduction defects and oromandibular hypoplasia have been associated with early CVS performed at 7 weeks or at earlier gestational ages.



(2) Transverse limb defects and oromandibular hypoplasia are not expected to occur at greater than background in women who choose to undergo CVS at 9 to 14 weeks’ gestation.



b. Maternal complications


(1) Vaginal spotting or bleeding occurs in approximately 30% to 35% of women after CVS, and those undergoing the procedure should be counseled appropriately.



(2) Infection or amniotic fluid leakage is estimated to be approximately 0.5% after CVS.





B. Update on invasive prenatal diagnosis with amniocentesis








1. Attributable pregnancy loss rate associated with amniocentesis


a. Traditionally, the miscarriage rate after amniocentesis has been quoted as 1 in 200 and several publications have recently suggested that the true risk may actually be lower.



b. The risk of pregnancy loss related to amniocentesis in one prospective unmatched trial was 1 in 1600 (Eddleman et al, 2006).


(1) Criticisms of this assessment included that the termination rate in those with amniocentesis was nearly 3% versus 0.2% in those who had no such procedure. In addition, the loss rate was defined as pregnancy loss at less than 24 weeks, whereas other studies have used 28 weeks or even until delivery at term to define pregnancy loss. These limitations may underestimate the true risk associated with amniocentesis.



c. Is the loss rate different in those with and without invasive prenatal diagnosis?


(1) In several studies, the loss rate after amniocentesis was not different than it was for those who did not have an amniocentesis.



(2) In one retrospective cohort study in which women had amniocentesis for abnormal serum screening, the loss rate was actually lower in the amniocentesis group compared with the control group (Odibo et al, 2008).



d. What is the true pregnancy loss rate associated with amniocentesis?


(1) As noted earlier, a prospective trial of unselected patients to detect the sensitivity of aneuploidy screening reported a procedure-related loss rate of 1 in 1600.



(2) Several centers recently reported on their experience in retrospective cohort studies, and the risk for a loss attributable to the amniocentesis ranged from 1 in 370 to 1 in 769 (Caughey et al, 2006; Odibo et al, 2008).



(3) In the ACOG bulletin on invasive prenatal testing, the estimated pregnancy loss rate attributable to amniocentesis is estimated to be 1 in 300 to 500.



(4) Performed by an individual skilled at performing amniocentesis, with direct visualization using ultrasound and a 22-gauge needle, an estimate of a risk of miscarriage of 1 in 300 to 500 is likely correct.



e. Early amniocentesis (performed at less than 14 weeks) results in higher rates of miscarriage and other complications such as talipes equinovarus and amniotic fluid culture failure. As a result, ACOG suggests that early amniocentesis should not be offered to women.




2. What are the other risks of amniocentesis?


a. Leakage of fluid occurs in less than 2% of women undergoing amniocentesis.



b. The risks of direct fetal injury are quite low with proper technique. There may be a low risk of indirect fetal injury as a result of removing amniotic fluid, such as respiratory insufficiency, or orthopedic issues (e.g., talipes equinovarus or congenital hip dislocation is low with the risk likely <1%). These risks may be increased with removal of excessive amounts of amniotic fluid.



c. Major congenital malformations do not appear to be increased in the long-term follow-up of children after prenatal amniocentesis compared with those whose mothers had no amniocentesis.



d. Culture failure occurs in less than 1% of all specimens (American College of Obstetricians and Gynecologists, Practice Bulletin No. 88, 2007).















Chromosomal Analysis with Array CGH








UPDATE #9


Array CGH offers unique advantages and disadvantages for detection of chromosomal abnormalities and may be warranted in certain clinical circumstances. The conventional karyotype remains the gold standard for chromosome number and structural abnormalities. Chromosomal microarray is a promising technique that can detect clinically significant deletions and duplications on cultured or uncultured material at a higher resolution more rapidly compared with the conventional karyotype. Specific limitations including the possibility of copy number variants of uncertain significance, the inability to detect balanced rearrangements, and low level mosaicism, and increased costs compared with karyotype will need to be addressed prior to the widespread application of array CGH to prenatal diagnosis (American College of Obstetricians and Gynecologists, Committee Opinion No. 446, 2009).







A. The conventional karyotype analysis still remains the gold standard, at present, for the evaluation of chromosome number and structural anomalies in prenatal diagnosis. The benefits of this standard technique include the detection of the following:



1. Whole chromosome aneuploidy, which is defined as an abnormal number of chromosomes, such as trisomy 21 (Down syndrome)



2. Very large deletions or duplications (> 10 to 15 Mb of chromosome material), which may be interstitial or terminal



3. Balanced translocations (apparently) in which no chromosome material appears to be missing or duplicated



4. Mosaicism, which is defined as the presence of two populations of cells with different genotypes in one individual who has developed from a single fertilized egg (e.g., mosaic Klinefelter’s syndrome wherein some of the patient’s cells contain XY chromosomes and some contain XXY chromosome)



5. Marker chromosomes, which are small, structurally abnormal chromosomes in which no part can be identified by standard G-banding (American College of Obstetricians and Gynecologists, Committee Opinion No. 446, 2009)










B. The conventional karyotype does have some limitations in the prenatal setting



1. Banding resolution from a CVS or amniocentesis sample is approximately 400 to 450 bands. Therefore, smaller deletions or duplications can be missed.



a. Submicroscopic balanced rearrangements, which are not uncommon, can be missed.



2. Although standard karyotyping may identify the presence of a marker chromosome, it may not aid in the identification of the marker’s origin without the use of additional molecular-cytogenetic techniques, such as FISH.



3. Turnaround time for the standard karyotype analysis can take up to 2 weeks because of special preparation and culturing of the specimen (American College of Obstetricians and Gynecologists, Committee Opinion No. 446, 2009).










C. A new technology called the “microarray,” which utilizes comparative genomic hybridization (array CGH), is a chip-based technology that has much higher resolution and, therefore, is able to scan the genome for submicroscopic copy number variation that is missed by conventional karyotyping. This technology has become more widespread with its application in the postnatal analysis of individuals with neurocognitive delay and multiple congenital anomalies. Although array CGH is not currently used as the first line of chromosomal analysis in the prenatal setting, its acceptance is becoming more widespread as it becomes more commercially available. Its use does have advantages:



1. The “targeted” microarray is a chip whereby the genomic probes encompass areas of known chromosomal abnormalities (e.g., subtelomeres or 22q11.2) and also include probes scanning the genome at a higher resolution than conventional karyotyping but at a lower resolution than an oligonucleotide array (discussed later). This targeted array, at the present time, is preferred for prenatal analysis in the setting of multiple congenital anomalies on ultrasound or a family history that is suspicious for a known submicroscopic deletion syndrome (e.g., 22q11.2). The advantage of a targeted approach is that it decreases the likelihood of identifying a copy number variant of unknown significance.



2. A high-resolution oligonucleotide array is the array of choice in the postnatal setting, but it is not the first line of chromosome analysis in the prenatal setting unless there is a specific, identified chromosome abnormality in the family (e.g., an apparent balanced translocation) or a prenatal karyotypic anomaly (e.g., marker chromosome, unbalanced rearrangement) that has been identified and one wishes to gain more information.



3. The microarray will be able to identify submicroscopic deletions and duplications that conventional prenatal chromosome analysis cannot pick up.



4. Although it is common practice to utilize cultured material for the microarray, it is not necessary; thus, uncultured tissues such as products of conception can be run on the microarray.




5. Compared with traditional karyotype, the turnaround time is faster. The microarray takes days as opposed to weeks.



6. The microarray may be able to identify a marker chromosome if there is genomic material present on the marker, which is covered by the microarray probes (Manning, et al, 2007).










D. Array CGH, despite its higher resolution, does have limitations:



1. There may be copy number variants identified in the fetus that are of unclear significance. It is highly recommended to obtain parental blood samples in case an unknown variant is identified.



2. There is limited availability of the microarray in that not all institutions offer this technology and insurance may not pay for the use of this new technology.



3. The microarray does not detect balanced rearrangements such as balanced translocations or inversions because there is no gain or loss of genomic material.



4. The microarray does not detect triploidy or tetraploidy.



a. Low-level mosaicism down to approximately 20% to 25% can be missed.



b. At present, the microarray costs more than a standard karyotype (American College of Obstetricians and Gynecologists, Committee Opinion No. 446, 2009; Manning et al, 2007).












Umbilical Cord Blood Banking








UPDATE #10


Umbilical cord blood banking may potentially treat a number of devastating illnesses; however, prospective parents must carefully consider a number of potential issues before choosing to use a private umbilical cord blood bank. Advantages of high rates of engraftments and limited graft versus host disease rates with umbilical cord blood transplant are balanced by a smaller number of hematopoietic cells, and longer time to engraftment as well as the cost and ethical challenges of private banking must be addressed to maximize this useful resource (Committee on Obstetric Practice, Committee on Genetics, Committee Opinion No. 399, 2008; Moise, 2005).







A. Umbilical cord blood contains hematopoietic stem cells, which could potentially be used for future transplantation.


B. There are several advantages of umbilical cord blood over bone marrow or peripheral blood.


C. Many disorders could potentially benefit from hematopoietic stem cell transplantation including inborn errors of metabolism, hematopoietic malignancies, and genetic disorders of the blood and immune system (Table 1-6).


D. The first successful transplant from an umbilical cord blood transfusion was performed in 1988, and it is estimated that more than 7000 transplants have been performed since.


E. Advantages of umbilical cord blood



1. High rates of success of engraftment and less graft-versus-host disease (GvHD), even in the setting of human leukocyte antigen (HLA) mismatch.



a. HLA matching of four to six out of six antigens may be sufficient for treatment, resulting in a higher number of available donors and a simpler more rapid matching process.



b. Lower rates of CMV infection may lead to lower rates of GvHD.



2. High concentration of highly proliferative hematopoietic stem cells, which can reconstitute hematopoiesis in the recipient.



3. Collection is safe, easy, and pain free without morbidity for the donor.



4. Is almost immediately available when needed and there is a nearly limitless supply. Further, ethnic diversity should match the birth rate and supply (Committee on Obstetric Practice, Committee on Genetics, Committee Opinion No. 399, 2008; Moise, 2005).


F. Disadvantages of umbilical cord blood



1. The number of hematopoietic stem cells must be great enough to allow for engraftment and in most units is only adequate for children or small adults.



2. Engraftment occurs over a longer period of time in umbilical cord cells compared with bone marrow. This disadvantage leads to higher rates of morbidity because of infection or bleeding.




3. There may be a weakened response to leukemia cells in those derived from cord blood compared to marrow transplant.



4. There are additional donor cells for leukocyte infusion or second transplant (Committee on Obstetric Practice, Committee on Genetics, Committee Opinion No. 399, 2008; Moise, 2005).


G. Umbilical cord blood banks: public versus Private



1. Public umbilical cord blood banks generally promote allogenic donation.



2. Units are available to anyone with an appropriate indication and HLA matching.



3. Cord blood may be donated when a neonate is delivered at a hospital associated with a public bank.



a. The cell count, HLA profile, and other relevant information is kept in a public database.



b. Rigorous screening and testing for infectious disease is governed by the U.S. Food and Drug Administration.


H. Private cord blood banks



1. Family members pay a fee for the collection and yearly storage of cord blood, and the unit may be accessed if the child or an additional family member requires such therapy.



2. In general, these units are often saved as an “insurance policy” to potentially treat disease later in life.



a. However, if a child later develops leukemia or an inborn error of metabolism, the unit could not be used to treat that child, as these abnormalities would be present in stem cells.



b. The likelihood of using an autologous unit of blood is estimated to be 1 in 2700 or potentially even lower.



c. A recent cost-effectiveness analysis found that private cord blood banking was not cost effective and only would become cost effective if the entire cost of blood banking was $262 or less or the risk of the child requiring a hematopoietic stem cell transplantation (HSC) was more than 1 in 110 (Kaimal et al, 2009).


I. Directed banking



1. This most often occurs when a child is affected by a specific disorder and has a younger sibling. The unit is processed and kept for treatment of the sibling.


J. Private versus public: ethical challenges



1. Several concerns have been raised regarding the private use of cord blood including quality control, long-term availability, costs, and the ethics of limiting use for those who have saved a unit privately versus using it for anyone with an indication for transplant.



2. Some private banks have quoted the chance of utilization of a unit at 1 in 27 and in the future a much higher rate of use is expected, estimated at 50%.



a. ACOG recently released a committee opinion on umbilical cord banking, in which the authors wrote, “Parents should not be sold this service without a realistic assessment of their likelihood of return on their investment.”



b. Public banks afford greater access for the general population and have stringent procedures for collecting, testing, and processing specimens, and advocacy groups and professional organizations are proponents of expanding public umbilical cords banking.



c. When patients request information on cord blood donation, a detailed discussion with the following elements should be considered:


(1) Review the advantages and disadvantages of private versus public donation including the costs, quality-control concerns, and the likelihood of utilizing the cord blood (~1 in 2700).



(2) Review of information and testing (genetic and infectious), the potential outcome of the utilization of poor units, and that demographic data will be maintained on the patient.



(3) Some states have passed legislation regarding informing patients about private blood banking and clinicians should obtain this information from their state medical board about specific requirements.



(4) There is strong consideration of directed donation when a family member has a condition potentially treatable with HSC (Committee on Obstetric Practice, Committee on Genetics, Committee Opinion No. 399, 2008; Kaimal, et al 2009; Moise, 2005).








TABLE 1-6 Indications, Past and Potential, for Umbilical Cord Blood Transplant






	Thalassemias






	α-thalassemia
β-thalassemia
E-β°-thalassemia
E-β+-thalassemia






	Sickle Cell






	HbSS, HbSC
HbS/β°-thalassemia
HbS/β+-thalassemia






	Oncologic Disorders






	Acute lymphoblastic leukemia
Acute myeloid leukemia
Chronic myeloid leukemia
Burkitt lymphoma
Familial histiocytosis
Hemophagocytic lymphohistiocytosis
Hodgkin’s disease
Non-Hodgkin’s lymphoma






	Hematologic Disorders






	Autoimmune neutropenia
Diamond Blackfan anemia
Pancytopenia
Kostmann’s syndrome
Fanconi’s anemia
Glanzmann’s disease
Thrombocytopenia with absent radius (TAR syndrome)






	Immune Deficiencies






	Ataxia telangiectasia
Chronic granulomatous disease
DiGeorge syndrome
Hypogammaglobulinemia
Mucolipidosis, type II
X linked immunodeficiency
Severe combine immunodeficiency






	Metabolic Disorders






	Adrenoleukodystrophy
Gaucher
Metachromatic leukodystrophy
Krabbe disease
Gunther disease
Hurler syndrome
Hurler-Scheie
Hunter syndrome
Sanfilippo syndrome
Maroteaux-Lamy syndrome
Mucolipidosis, types II and III
Alpha mannosidosis
Niemann-Pick, type A and B
Sandhoff disease
Tay-Sachs disease







Adapted from Moise KJ: Umbilical cord stem cells, Obstet Gynecol 106:1393-1407, 2005.









Noninvasive Diagnosis of Fetal Material








UPDATE #11


Noninvasive prenatal diagnosis may be helpful in determination of fetal RhD status or sex to determine if a fetus is at risk for isoimmunization or an X-linked disorder. In addition, reliable results for paternally derived genetic disorders are possible. However, cost and reliability of these has limited widespread application of these techniques. The detection of fetal aneuploidy via maternal serum remains a challenge, and several trials are ongoing to determine the feasibility of this important technology (Norbury et al, 2008).
















A. Invasive prenatal diagnosis has associated risks; the foremost is procedure-related miscarriage.


B. The quest for an accurate, rapid, cost-effective test for the prenatal diagnosis of fetal sex, fetal RhD status, genetic disorders, and aneuploidy has many advantages, the most important being safety for the pregnancy.


C. Fetal cells and fragments of genetic material (e.g., DNA and RNA) exist in the maternal circulation.



1. Fetal cells are unlikely to lead to genetic diagnosis because they are rare, technically difficult to work with, and persist from prior pregnancies and as such cannot afford accurate prenatal diagnosis.



2. Fragments of fetal DNA and RNA have a short half-life (e.g., ~16 minutes) and thus are specific to the current pregnancy. In fact, cell-free fetal DNA is undetectable approximately 2 hours after delivery.



3. Fetal DNA exists in maternal circulation because of apoptosis of placental cells and potentially fetal blood cells and is available at the 9th to 10th postmenstrual week, allowing for early prenatal diagnosis.



4. Fetal DNA and RNA represent a small proportion of the material in the maternal blood, thus complicating the ability to reliably detect certain genetic abnormalities (Norbury et al, 2008).



a. Successful approaches have utilized detection of sequences on the Y chromosome or specific mutations or sequences inherited from the father.


(1) Fetal sex determination is technically possible and important in X-linked disease (e.g., ornithine transcarbamylase deficiency, among many others) by about 10 weeks of gestation.



(2) Fetal sex determination allows for appropriate medication administration when a female fetus is at risk for congenital adrenal hyperplasia (CAH) and requires maternal administration of dexamethasone beginning at 8 to 9 weeks of gestation.



b. Detection of maternally inherited sequences is problematic and has limited success with differing methylation patterns.



c. DNA fragments can be detected and amplified using polymerase chain reaction (PCR).


(1) Can be successful and accurate if the target of interest is paternally inherited (Y chromosome).


(a) RhD testing is available, is sensitive, and can limit the need for RhoGAM and increased surveillance if the fetus is not RhD positive (Gautier et al, 2005; Moise et al, 2005).



(b) Paternally derived autosomal dominant and recessive mutations are detectable using PCR techniques.


(i) Achondroplasia, β-thalassemia, CAH, cystic fibrosis, myotonic dystrophy, and Huntington’s disease have all been detected using cell-free fetal DNA from the maternal plasma.






(2) Limitations of this technique are time and cost, as many reactions must occur for accurate diagnosis and this has hampered the development of a reliable test for fetal aneuploidy (Norbury et al, 2008).



d. Detection of fetal aneuploidy


(1) Fetal DNA levels in the maternal circulation are higher when the fetus is affected with trisomy 21 and 13.



(2) Most aneuploidy is derived from maternal meiotic nondisjunction, making the detection challenging.



(3) Researchers who employ intensive PCR techniques are able to compare the ratio of fetal copies of chromosome 21 to maternal copies, but this investigation is hampered by high cost and is time consuming (Chiu et al, 2009).



(4) Promising results have been obtained from other researchers who have attempted to detect aneuploidy by using differently imprinted ratios of mRNA (Ghanta et al, 2010).



(5) It may be a number of years before accurate cost-effective detection of fetal genetic disorders including trisomy 21 is available in singleton pregnancies, but the potential to eliminate many procedure-related miscarriages requires continual research and innovation until prenatal diagnosis is made safer for all women who desire such information.
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Chapter 2 Reproductive Environmental Health




Joanne L. Perron, Patrice M. Sutton, Tracey J. Woodruff







key updates







1. Trends in reproductive health outcomes document that many indicators of reproductive health are under strain.


2. Women of childbearing age incur ubiquitous contact to toxic environmental contaminants that can expose the fetus through placental transfer, and maternal exposure can continue in the newborn through breast-feeding.


3. The fetus and developing human are highly vulnerable to exposure from environmental contaminants, and adverse health impacts can manifest across the life span of individuals and generations.


4. Hormone receptor types and functions, including those involved in metabolism, obesity, and brain signaling, can be targets of endocrine disrupting chemicals (EDCs), which are encountered in the daily lives of all women of childbearing age.


5. A wide range of adverse reproductive and developmental health outcomes are linked to environmental contaminants encountered in the daily lives of ob-gyn patients.


6. The majority of chemicals in commerce have entered the marketplace without comprehensive and standardized information on their reproductive, developmental, or other chronic toxicities. In 2009, the U.S. Environmental Protection Agency established “Essential Principles for Reform of Chemicals Management Legislation” to help inform legislative efforts now under way to reauthorize and significantly strengthen the effectiveness of chemical regulation.


7. Current recommendations for identifying, managing, and preventing preconception and prenatal exposure to environmental toxicants include (1) routinely taking a patient’s environmental exposure history and (2) providing patient education on how to take steps to reduce exposure.












Reproductive Environmental Health






Scope


Reproductive environmental health addresses exposures to environmental contaminants (synthetic chemicals and metals), particularly during critical periods of development (such as prior to conception and during pregnancy), and their potential effects on all aspects of future reproductive health throughout the life course, including conception, fertility, pregnancy, child and adolescent development, and adult health (Woodruff, Carlson, et al 2008).












The Environment Is a Key Determinant of Health







• Infectious disease. Interventions to improve water and waste sanitation in the beginning of 21st century contributed to great advancements in health.


• Acute illness. Environmental pollution in the mid- to latter part of the 20th century caused a wide range of morbidity and mortality (i.e., “killer smogs” in Donora, Pennsylvania, and London, UK; industrial chemical releases in Bhopal, India; the burning of the Cuyahoga River in Ohio).


• Cancer. A substantial body of human evidence has accumulated since the 1950s linking cancer to environmental and occupational exposures (President’s Cancer Panel, 2010; Brody, 2007).








UPDATE #1


Trends in reproductive health outcomes document that many indicators of reproductive health are under strain. The full spectrum of female and male reproductive disorders as well as poor birth outcomes and childhood disorders are increasing: 12% of women with diminished fecundity (7.3 million) in the United States (Chandra et al, 2005); persistent decline in age of thelarche and menarche onset from 1940 to 1994 in the United States (Euling et al, 2008); testicular cancer increase in Europe (1% to 6%) since the 1950s with an increase of approximately 60% in the United States since the 1970s (Bray et al, 2006; Shah et al, 2007); declining sperm counts in Scandinavian countries (Jorgensen et al, 2006); declining testosterone levels in multiple countries (Andersson et al, 2005; Jørgensen et al, 2011; Travison et al, 2007); cryptorchidism and hypospadias becoming more common birth defects (Baskin et al, 2001; Foresta et al, 2008), an increase in premature birth (Davidoff et al, 2006) and gestational diabetes mellitus in the United States (Getahun, 2008); an increase in preeclampsia in Norway (Dahlstrøm et al, 2006); gastroschisis increase in California (Vu et al, 2008); congenital hypothyroidism increase in New York (Harris et al, 2007); an increase in the rate of certain childhood cancers (acute lymphoblastic leukemia, central nervous system tumors, non-Hodgkin’s lymphomas) (USEPA, 2006); and an increase in childhood behavioral disorders (Pastor et al, 2008) and autism prevalence (Rice, 2009). These trends in reproductive health have occurred in roughly the same time frame in which human exposure to both natural and synthetic chemicals has dramatically increased. More than 80,000 chemical substances are listed by the Environmental Protection Agency (EPA) as manufactured or processed in the United States, or imported into the country, (USEPA, 2011; USEPA 2007) but this is probably an overestimate of the number of chemicals currently in commercial use. The EPA believes that not all of these chemicals are being produced or imported at any given time, and it is currently reassessing the total (USEPA 2011).


Approximately 700 new industrial chemicals are introduced each year (USEPA 2007). About 3,000–4,000 chemicals are identified as high volume chemicals, meaning that more than a million pounds of each of them are manufactured or imported annually (USEPA 2011). These may pose special risks by virtue of their volume.












Exposure to Environmental Contaminants Is Ubiquitous







• Environmental chemicals with reproductive, fertility or developmental health effects are distributed throughout homes, workplaces, and communities and contaminate food, water, air, and consumer products (Woodruff et al, 2010) (Table 2-1).


• Everyone in the United States has measurable levels of multiple environmental contaminants in their body (see Update #2) (Centers for Disease Control and Prevention, 2009).





TABLE 2-1 Selected Examples of Contaminants Linked to Reproductive, Fertility, or Developmental Problems






	Types of Contaminants and Examples

	Sources and Exposure Circumstances






	Metals






	Mercury∗


	Occurs from energy production emissions and naturally enters the aquatic food chain through a complex system. Primary exposure by consumption of contaminated seafood






	Lead∗


	Occupational exposure occurs in battery manufacturing/recycling, smelting, car repair, welding, soldering, firearm cleaning/shooting, stained glass ornament/jewelry making; nonoccupational exposure occurs in older homes where lead-based paints were used, in or on some toys/children’s jewelry, water pipes, imported ceramics/pottery, herbal remedies, traditional cosmetics, hair dyes, contaminated soil, toys, costume jewelry






	Organic Compounds






	Solvents

	Used for cleaning, degreasing, embalming, refinishing and paint systems in a wide range of industries; found in automotive products, degreasers, thinners, preservers, varnish and spot removers, pesticides (inert component), and nail polish






	Ethylene oxide

	Occupational exposure to workers sterilizing medical supplies or engaged in manufacturing






	Pentachlorophenol

	Wood preservative for utility poles, railroad ties, wharf pilings; formerly a multiuse pesticide. Found in soil, water, food, breast milk






	Bisphenol-A (BPA)

	Chemical intermediate for polycarbonate plastic and resins. Found in consumer products and packaging. Exposure through inhalation, ingestion, and dermal absorption






	Polychlorinated biphenyl (PCB)

	Used as industrial insulators and lubricants; banned in the 1970s, but persistent in the aquatic and terrestrial food chains resulting in exposure by ingestion






	Dioxins∗


	Dioxins and furans are multiple toxic chemicals formed by trash and waste incineration involving chlorine and categorized as a persistent organic pollutants (POPs), pervasive chemicals that bioconcentrate as they move up the food chain; found in dairy products, meat, fish, and shellfish






	Perfluorooctane sulfonate (PFOS)∗


	Perfluorinated compound used in consumer products as stain and water repellents; persists in the environment; occupational exposure to workers and general population exposure by inhalation, ingestion, and dermal contact






	Polybrominated diphenyl ethers (PBDEs)

	Flame retardants that persist and bioaccumulate in the environment; found in furniture, textiles, carpeting, electronics, and plastics that are mixed into, but not bound to, foam or plastic






	Di-(2 ethyl hexyl) phthalate (DEHP) diethylphthalate (DEP), di-n-butyl phthalate (DBP)

	Synthetically derived, phthalates are used in a variety of consumer goods such medical devices, cleaning and building materials, personal care products, cosmetics, pharmaceuticals, food processing, and toys






	 

	Exposure occurs through ingestion, inhalation, and dermal absorption






	Pesticides

	Applied in large quantities in agricultural community and household settings; in 2001, more than 1.2 billion pounds of pesticide active ingredients were used in the United States; pesticide can be ingested, inhaled, and absorbed by the skin the pathways of pesticide exposure include food, water, air, dust, and soil






	Chlorpyrifos

	Organophosphate pesticide used in agricultural production and for home pest control (home uses are now restricted)






	Dichlorodiphenyltrichloroethane (DDT)∗


	Organochlorine insecticide, banned in the United States in the 1970s, is still used for malaria control overseas






	 

	Present in the food chain






	Air Contaminants






	Environmental tobacco smoke (ETS)

	Burning of tobacco products, exposure by inhalation from active or passive smoking






	Particulate matter (PM), ozone, lead

	Sources include combustion of wood and fossil fuels, and industrial production






	Exposure by inhalation






	Glycol ethers

	Used in enamels, paints, varnishes, stains, electronics, cosmetics; occupational and general population exposure by inhalation, ingestion, and dermal contact







∗ Chemical is persistent and/or bioaccumulative.


Adapted from Fox MA, Aoki Y: Environmental contaminants and exposure. In Woodruff TJ, Janssen SJ,Guillette LJ Jr, Giudice LC: Environmental impacts on reproductive health and fertility. Cambridge, UK, 2010, Cambridge University Press, pp 8-22.From ATSDR, 2002; ATSDR, 2004; Committee on the Health Risks of Phthalates, 2010; Hanke, 2004; Hauser, Sokol, 2008; Kiely, 2009; Meeker, 2010; National Library of Medicine, 2010; USEPA, 2006; World Health Organization, 2010; Woodruff, 2008.





UPDATE #2


Women of childbearing age incur ubiquitous contact to toxic environmental contaminants that can result in exposure of the fetus through placental transfer, and maternal exposure can continue in the newborn through breast-feeding (Diamanti-Kandarakis et al, 2009). Consider the following examples. A 2011 study using population-based data from the National Health and Nutrition Examination Survey documented ubiquitous exposure among pregnant women in the U.S. to multiple chemicals. The study found that virtually all pregnant women have measured levels of all of the following chemicals that can be harmful to human reproduction and/or development in their bodies: lead, mercury, toluene, perchlorate, bisphenol A (BPA), and some phthalates, pesticides, perfluorochemicals (PFCs), polychlorinated biphenyls (PCBs) and polybrominated diphenol ethers (PBDEs) (Woodruff, 2011). An analysis of second trimester amniotic fluid samples from 51 women found the presence of at least one environmental contaminant (Foster et al, 2000). Pesticides have been detected in human urine (Riederer et al, 2008), semen (Kumar et al, 2000), breast milk (Jaga et al, 2003; Solomon et al, 2002), ovarian follicular fluid (Baukloh et al, 1985; Younglai, 2002), cord blood (Tan, 2003, 2009), and amniotic fluid (Bradman, 2003; Foster et al, 2000). Population-based studies conducted by the U.S. Centers for Disease Control and Prevention between 2003 and 2006 document that about 3% of U.S. women of childbearing age have a blood level of mercury that places their child at some increased risk of adverse health effects (U.S. Environmental Protection Agency, 2010).












The Fetus and Developing Human Are Highly Vulnerable to Exposure to Exogenous Chemicals







• Fetal and child vulnerability is due to their high metabolic rate, underdeveloped liver detoxifying mechanisms, immune system, and blood brain barrier (Newbold, 2010); childrens’ vulnerability is also due to the fact that they eat and drink more per unit of body weight than adults and their normal behaviors put them into closer contact with the environment (Miller et al, 2002).









Key Examples







• Maternal alcohol abuse associated with fetal alcohol syndrome (Calhoun, 2007).


• Tobacco exposure is a risk factor for adverse birth and neurodevelopmental outcomes (Corneilus 2009; Raatikainen 2007).


• In the 1950s, methylmercury exposure in utero resulted in severe neonatal neurologic impairment in children after pregnant mothers consumed high levels of methylmercury-contaminated fish and shellfish from toxic industrial releases in Minamata, Japan; (Rusyniak, 2005)developmental and cognitive effects can occur in children exposed prenatally to mercury at low doses that do not result in effects in the mother; (Grandjean 1997, 1998, 1999) the adverse neurologic effects of methylmercury exposure may be delayed (Commission on Life Sciences, 2010; U.S. Environmental Protection Agency, 2010).


• In the 1960s, thalidomide, a drug given to pregnant women for morning sickness, with no adverse maternal consequences, when taken day 28 to day 42 postconception, resulted in a high rate of congenital limb and gastrointestinal malformations (Taussig, 1962; McBride, 1961, 1977).


• In the 1970s, diethylstilbestrol (DES) prescribed in up to 10 million pregnancies from 1938 to 1971 to prevent miscarriage was found to be a “transplacental carcinogen” causally linked to postpubertal benign and malignant reproductive tract abnormalities in the daughters and sons of DES-exposed mothers; harm was manifested decades after exposure (NIH, 1999; Newbold, 2004). Established health impacts include vaginal clear cell adenocarcinoma, vaginal epithelial changes, reproductive tract abnormalities (e.g., gross anatomic changes of the cervix, T-shaped and hypoplastic uteri), ectopic pregnancies, miscarriages, premature births, and infertility in females exposed in utero, reproductive tract abnormalities (e.g., epididymal cysts, hypoplastic testis, cryptorchidism) in males exposed in utero, and an increased risk for breast cancer in women who took the drug while pregnant (NIH, 1999). Recent cohort studies indicate that women who were exposed to DES prenatally have an increased risk of breast cancer after age 40 (Palmer, 2006). Animal data predict intergenerational impacts (i.e., among granddaughters of DES-exposed women) to date supported by limited human data (Newbold, 2010).








UPDATE #3


The fetus and developing human are highly vulnerable to exposure to environmental contaminants, and adverse health impacts can manifest across the life span of individuals and generations (Figure 2-1). It has been traditionally assumed that environmental exposures experienced by an average person living in the United States would be below levels of reproductive harm. However, a rapidly expanding body of scientific evidence has upended this assumption about the benign nature of “low-level” environmental exposures (Committee on the Health Risks of Phthalates, 2009). In general, the human reproductive system is vulnerable to biologic perturbations, particularly when these changes occur during critical windows of development. Even subtle perturbations caused by chemical exposures may lead to important functional deficits and increased risks of disease and disability in infants, children, and across the span of human life (Crain, Janssen, Edwards et al, 2008; Grandjean, Bellinger, Bergman et al, 2008; Woodruff, Carlson, Schwartz et al, 2008); the strength of the evidence is sufficiently high that leading scientists, reproductive health providers, and other health care practitioners have called for timely action to prevent harm (Grandjean et al, 2008; Woodruff, Carlson, Swartz et al, 2008; Diamanti-Kandarakis et al, 2009; President’s Cancer Panel, 2010).
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Figure 2-1 Critical and sensitive windows of susceptibility. A critical window of susceptibility is a unique time period during development when exposures to environmental contaminants can disrupt or interfere with the physiology of a cell, tissue, or organ (Grandjean, Bellinger, Bergman et al, 2008). Exposures during this window may result in adverse, permanent effects that can have lifelong and even intergenerational impacts on health. In contrast, during a sensitive window of susceptibility exposures may still affect development or result in eventual adult disease, but with reduced magnitude compared with the effect of exposure during other time periods (Morford, Henck, Breslin et al, 2004). The periconception window is defined as the inclusive span preceding, including, and immediately after conception (Louis, Cooney, Lynch et al, 2008). Given that development continues after birth, critical and sensitive windows are seen during periconception, pregnancy, infancy, childhood, puberty, pregnancy, and lactation.


(Modified from Louis, Cooney, Lynch et al: Periconception window: advising the pregnancy-planning couple, Fertil Steril 89[2, Suppl 1]:e119-e121, 2008).


















Mechanisms of Action







• The Developmental Basis of Adult Disease/Dysfunction describes links between the in utero environment, the external environment, an individual’s genes, and the propensity to develop disease or dysfunction later in life (Diamanti-Kandarakis et al, 2009).



• Perinatal influences on chronic adult disease were first described in the field of nutrition (Barker, 1995) with the evidence base independently evolving in the field of developmental toxicology (Table 2-2) (Newbold, 2010).



• It is now apparent from animal studies that the in utero and neonatal developmental periods constitute “a critical window” for both nutrition and for exposure to environmental chemicals (Heindel et al, 2009).



• This convergence underlies the hypothesis that in addition to nutritional impacts on fetal growth, environmental endocrine disrupting chemicals can act as “obesogens” that can permanently derange developing regulatory systems required for body weight homeostasis (Heindel et al, 2009).



• DES is the well-documented example of the developmental origins of the disease/dysfunction paradigm (Newbold et al, 2010).


• The “epigenetic” mechanism is one type of mechanism that influences developmental programming (i.e., mechanisms that alter gene activity without mutating the DNA sequence and lead to modifications that can be transmitted to daughter cells) (see Table 2-2) (Weinhold, 2006). The most common epigenomic alterations are methylation of the DNA at cytosine with subsequent gene silencing or modification of the DNA histone support, which affects chromatin folding and attachment (Weinhold, 2006).


• “Endocrine disruption” is a related mechanism of action of environmental contaminants. Endocrine disrupting compounds (EDCs) act by perturbing the synthesis, secretion, transport, binding, action, or elimination of natural hormones in the body that are responsible for the maintenance of homeostasis, reproduction, development, and behavior (Woodruff and Giudice, 2010).



• EDCs are associated with wide-ranging effects on male and female reproduction, breast development and cancer, prostate cancer, neuroendocrinology, thyroid, metabolism and obesity, and cardiovascular endocrinology (Diamanti-Kandarakis et al, 2009).



• EDCs act through traditional nuclear hormone receptor pathways (estrogen, progesterone, androgen, thyroid, and retinoid) and more diverse avenues such as non-nuclear, neurotransmitter, or orphan receptors and enzymatic pathway interference (Diamanti-Kandarakis et al, 2009).



• EDCs can have multiple hormonal effects; for example, dichlorodiphenyltrichloroethane (DDT) is an estrogen disruptor, whereas its metabolite, dichloro diphenyl-dichloroethylene (DDE) is an androgen antagonist (Diamanti-Kandarakis et al, 2009). BPA perturbs both estrogen and thyroid hormones (Vandenberg et al, 2009).



• The molecular structures of EDCs can generally contain a central ring that mimics steroid hormones and often has added halogen groups (chlorine, bromine, fluorine) (Diamanti-Kandarakis et al, 2009), which confer various material properties such as molecular stability.




• EDCs may exert dose-response curves that are not linear (Diamanti-Kandarakis et al, 2009), where low-dose exposure during critical and sensitive periods of development may be more potent than higher-dose exposures.


• Mutagenic mechanisms. DNA damage can adversely affect reproduction and development. A well-documented example is radiation-induced cancer resulting from exposure to ionizing radiation.



• It is generally believed that complex forms of DNA double-strand breaks are the most biologically important type of lesions induced by ionizing radiation, and these complex forms are likely responsible for subsequent molecular and cellular effects (Committee to Assess Health Risks from Exposure to Low Levels of Ionizing Radiation, 2006).



• There is growing concern about the sharp rise in the use of computed tomography scans in medicine as a result of the non-negligible radiation exposures involved, particularly for pediatric patients (Chodick, 2009).





TABLE 2-2 Features of “Developmental Origins of Disease and Dysfunction” Paradigm Common to Both Nutritional and Environmental Exposure Studies






	



• Time-specific (vulnerable window) and tissue-specific effects may occur with both nutritional and environmental chemical exposures.












	



• The initiating in utero environmental insult (nutritional or environmental chemical) may act alone or in concert with other environmental stressors. That is, there could be an in utero exposure that would lead by itself to pathophysiology later in life, or there could be in utero exposure combined with a neonatal exposure (same or different environmental stressor[s] or adult exposure that would trigger or exacerbate the pathophysiology).












	



• The pathophysiology may manifest as the occurrence of a disease that otherwise would not have happened, an increase in risk for a disease that would normally be of lower prevalence, or either an earlier onset of a disease that would normally have occurred or an exacerbation of the disease.












	



• The pathophysiology may have a variable latent period from onset in the neonatal period, to early childhood, to puberty, to early adulthood, to late adulthood depending on the environmental stressor, time of exposure, and tissue/organ affected.












	



• Either altered nutrition or exposure to environmental chemicals can lead to aberrant developmental programming that permanently alters gland, organ, or system potential. These states of altered potential or compromised function (regardless of the stressor—nutritional or chemical exposure) are likely to result from epigenetic changes (e.g., altered gene expression resulting from the effects on imprinting) and the underlying methylation-related protein-DNA relationships associated with chromatin remodeling. The result is an individual that is sensitized such that it will be more susceptible to certain diseases later in life.












	



• The effect of either developmental nutrition or environmental chemical exposures can be transgenerational, affecting future generations.












	



• Although the focus of nutritional changes during development has been on low birth weight, effects of in utero exposure to toxic environmental chemicals or nutritional changes may both occur in the absence of reduced birth weight. The lack of a specific easily measurable biomarker for these effects that is similar to birth weight makes it more difficult to assess developmental effects. Thus, for both exposures, newer and more sensitive biomarkers of exposure are needed.












	



• Extrapolation of risk from both nutritional studies and environmental exposures may be difficult because effects may not follow a monotonic dose-response relationship. Nutritional effects that result in low birth weight are different from those that result in high birth weight. Similarly, low dose effects of environmental chemicals may not be the same as the effects that occur at higher doses. Also, the environmental chemical or nutritional effects may have an entirely different effect on the embryo, fetus, or perinatal organism, compared to the adult.












	



• Exposure of one individual to an environmental stressor (environmental chemical or nutritional or combinations) may have little effect, whereas another individual will develop overt disease or dysfunctions because of differences in genetic background including genetic polymorphisms.












	



• The toxicant (or nutritional)-induced pathogenic responses are most likely the result of altered gene expression or altered protein regulation associated with altered cell production and differentiation that are involved in the interactions between cell types and the establishment of cell lineages. These changes may lead to abnormal morphologic or functional characteristics of the tissues, organs, and systems. These alterations may be due, at least in part, to altered epigenetics. One example of epigenetic chromatin remodeling is changes in the underlining methylation-related protein-DNA relationships. Effects may occur in a time-specific (i.e., vulnerable window) or tissue-specific manner, and the changes may not be reversible. The result is an organism that is sensitized such that it will be more susceptible to specific diseases later in life.













Adapted from Newbold RR, Heindal JJ: Developmental exposures and implications for disease. In Woodruff TJ, Janssen SJ,Guillette LJ Jr, Giudice LC: Environmental impacts on reproductive health and fertility. Cambridge, UK, 2010, Cambridge University Press, pp 92-102.





UPDATE #4


Hormone receptor types and functions, including those involved in metabolism, obesity, and brain signaling, can be targets of endocrine disrupting chemicals that all women of childbearing age encounter in their daily lives (Diamanti-Kandarakis et al, 2009).












Reproductive and Developmental Health Impacts of Environmental Exposures







• There are three authoritative U.S. lists/sources of information about chemicals with reproductive and developmental toxicity: the U.S. National Toxicology Program, Center for Evaluation of Risks to Human Reproduction (NTP/CERHR) (CERHR, 2010), the U.S. Environmental Protection Agency (U.S. EPA) (EPA, 2011), and the California Environmental Protection Agency (Cal-EPA) (CalEPA, 2010), Chemicals Known By the State of California to Cause Cancer or Reproductive Toxicity.









Key Examples







• Pesticides. Some pesticide exposures can interfere with all developmental stages of reproductive function in adult females (Mendola et al, 2008) and are associated with adverse outcomes that occur throughout the life course of males and females, including sterility in males, spontaneous abortion, diminished fetal growth and survival, and childhood and adult cancer (Infante-Rivard et al, 2007; Whorton et al, 1977, 1988; Wigle et al, 2008, 2009).


• Solvents. Occupational solvent exposure has been associated with a low sperm count (Cherry et al, 2001) and reduced overall semen quality (Tielemans et al, 1999), impaired fertility in women (Sallmén et al, 1995; Wennborg et al, 2001), and increased risk of spontaneous abortion with maternal occupational exposure to ethylene glycol (Wigle et al, 2008). Prenatal solvent exposure is associated with birth defects (Stillerman et al, 2008).


• Lead. Lead exposure has been associated with adverse effects on male reproductive function (Hauser et al, 2008), pubertal delay in females (Mendola et al, 2008), increased risk of spontaneous abortion, hypertension during pregnancy, impaired offspring neurodevelopment, and reduced fetal growth (Bellinger, 2005).


• Bis-phenol A (BPA). There is significant animal evidence that exposure during critical windows of development can result in permanent alterations to the reproductive system in a number of ways, thus increasing the risk of future health problems, including rodent hematopoietic and testicular cancers as well as preneoplastic lesions of the breast and prostate (Keri, et al, 2007). BPA alters the “epigenetic programming” of genes in experimental animals and wildlife. Specifically, prenatal or neonatal exposure to low doses of BPA results in organizational changes in the prostate, breast, testis, mammary glands, body size, brain structure and chemistry, and behavior of laboratory animals; there is also experimental animal evidence that adult exposure to BPA results in substantial neurobehavioral effects and reproductive effects in both males and females. A central concern is that these adverse effects are occurring in animals within the range of exposure to BPA typical of the U.S. population (vom Saal, et al 2007).


• Dioxin. The developing individual is extensively sensitive to exposure to dioxin, with effects ranging from altered thyroid and immune status; altered neurobehavior at the level of hearing, psychomotor function, and gender-related behaviors; altered cognition, dentition, and development of reproductive organs; and delays in breast development, in addition to altered sex ratios among the exposed offspring (White et al, 2009; WHO, 2010). Developmental exposures to dioxin are of great concern, in part because effects documented in human studies occur at the high end of the exposures experienced by the general population (White et al, 2009). Dioxin exposures have been linked to intergenerational health impacts (Mocarelli, 2008; White et al, 2009).


• Phthalates. By inhibition of 5α-reductase (Greathouse, 2010), phthalates perturb androgen mechanisms in rodents creating a “phthalate syndrome” of numerous male reproductive abnormalities, including infertility, decreased sperm count, shortened anogenital distance (AGD), hypospadias, cryptorchidism, and other malformations (Swan, 2008; Committee on the Health Risks of Phthalates, 2010). According to the National Academy of Sciences, phthalate syndrome has many similarities to the hypothesized testicular dysgenesis syndrome (poor semen quality, testicular cancer, cryptorchidism, and hypospadias [Skakkebak et al, 2001]) in humans (Committee on the Health Risks of Phthalates, 2010). Additionally, preconception phthalate exposure is associated with cognitive and behavioral disorders in children (Engel et al, 2008), altered play behavior in boys (Swan, 2010), and diminished female neonatal motor skills (Engel et al, 2009).


• Polychlorinated biphenyls (PCBs). Mechanisms of perturbed thyroid functioning and signaling occur through transport disruption, enhanced hepatic catabolism, inhibition of thyroid hormone, and direct or indirect agonist or antagonist action on the thyroid receptor (Woodruff, Zeise, Axelrad et al, 2008). A statistically significant inverse relationship between levels of thyroid hormones and PCBs and organochlorine pesticides in pregnant women was found (Chevrier, et al 2008), suggesting that current exposure levels to PCBs and chlorinated pesticides can affect thyroid function during pregnancy. These findings have important implications in that maternal T4 is the only source of thyroid hormone during the first trimester to the developing brain, and thus thyroid hormones of maternal origin play an essential role in fetal neurodevelopment (Morreale de Escobar, 2000). A relative state of hypothyroidism in the developing fetus may contribute to the neurotoxic effects of PCBs (Diamanti-Kandarakis et al, 2009). PCB androgen disruption is a risk factor for changes in sperm morphology, count, penetration efficacy, and motility (Guo, et al 2000; Hauser, 2006; Hsu et al, 2003).


• Polybrominated diphenyl ethers (PBDEs). There is an association between levels of PBDEs and thyroid, reproductive, and behavioral effects in animals (Agency for Toxic Substances and Disease Registry [ATSDR], 2004). Several recent studies document body burden and adverse health outcomes; several PBDE congeners were associated with lower scores on tests of mental and physical development at 12 to 48 and 72 months (Herbstman, 2010) and delay in time to pregnancy (Harley, 2010).








UPDATE #5


A wide range of adverse reproductive and developmental health outcomes are linked to environmental contaminants encountered in the daily lives of ob-gyn patients. A recent assessment of the evidence by Slama et al. (2010) based on human epidemiologic evidence for fetal loss, fetal growth, gestational length, complications of pregnancy, secondary sex ration, and congenital malformations found sufficient evidence for one or more of these adverse outcomes for atmospheric pollution, passive smoking, lead, mercury, perfluorooctane sulfonate (PFOS) and perfluorooctanoate (PFOA), glycol ethers, aromatic solvents, and low-dose ionizing radiation (Table 2-3).




TABLE 2-3 Overview of Considered Reproductive Outcomes and Level of Evidence for a Possible Sensitivity to Specific Environmental Pollutants in Humans
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Identification of Chemicals with Reproductive and Developmental Toxicity







• There are critical differences between clinical and environmental health sciences in the types of evidence generally available and how decisions to expose populations and patients are made.


• Clinicians cannot assume as they do with pharmaceuticals that adequate in vitro and in vivo testing of environmental contaminants has been undertaken and considered by regulatory agencies before widespread human exposure occurs (Figure 2-2). Patient exposure to most environmental contaminants occurs in the absence of information about reproductive and developmental toxicity.


• Human exposure to pharmaceuticals does not occur in the absence of some potential benefit greater than the known risks. The gold standard for informing clinical risk-benefit decisions about medical interventions is a well-conducted randomized controlled trial. There is no comprehensive comparable weighing of health benefits and risks in the environmental arena.


• The benefits of environmental chemicals are largely unrelated to patient health, and exposures are generally unintentional and highly variable. Randomized controlled trials on environmental contaminants are virtually precluded from the evidence stream in environmental health science because of ethical considerations.


• The reliability of experimental animal data for reproductive and developmental health has been well established. One of the earliest and most thorough sources of evidence is a technical report from 1984 for the National Center for Toxicological Research (Kimmel et al, 1984). This study, along with others, concluded there is concordance of developmental and reproductive effects and that humans are as sensitive as or more sensitive than the most sensitive animal species (National Research Council, 2000).


• Human epidemiologic studies of environmental chemicals provide the most direct evidence of the relationship between exposure and increase risk of adverse health outcomes, and are often the basis of regulatory and policy decision making. However, human epidemiologic studies require that we wait for people to develop clearly identified diseases from exposure, and thus represent a failure of prevention.
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Figure 2-2 Comparison of streams of evidence in clinical and environmental health sciences.


(Adapted from Woodruff TJ, Sutton P; Navigation Guide Work Group. An evidence-based medicine methodology to bridge the gap between clinical and environmental health sciences. Health Aff (Millwood). 2011 May;30(5):931-7.








UPDATE #6


The majority of chemicals in commerce have entered the marketplace without comprehensive and standardized information on their reproductive, developmental or other chronic toxicities (Wilson et al, 2006). The U.S. Environmental Protection Agency established “Essential Principles for Reform of Chemicals Management Legislation” to help inform legislative efforts now underway to reauthorize and significantly strengthen the effectiveness of chemical regulation (U.S. Environmental Protection Agency, 2010).












Clinical Management







• Identifying patients with hazardous exposures, advising all patients on prevention measures, and referring patients when necessary are all essential parts of clinical management.


• Patient risk is a function of the toxicity of the compound and exposure. Routes of exposure are dermal, ingestion, and/or inhalation. Key determinants of exposure are: concentration, frequency and duration, and patient vulnerability, including any underlying health conditions (Fox et al, 2010).


• Women of reproductive age with occupational exposures to substances with reproductive and developmental toxicity are at high risk and susceptible to adverse reproductive outcomes (Figa-Talamanca, 2006).


• Socioeconomic and racial disparities exist with regard to environmental contaminant exposures; understanding the environment of patient population can help target high risk exposures (Morello-Froschm et al 2006).








UPDATE #7


Current recommendations for identifying, managing, and preventing preconception and prenatal exposure to environmental toxicants: (1) routinely take a patient’s environmental exposure history (Table 2-4) (Solomon, 2010) and (2) provide patient education on how to take steps to reduce exposure (Program on Reproductive Health and the Environment from Advancing Science to Ensure Prevention [FASTEP], 2011). A detailed list of recommendations can be found at http://www.prhe.ucsf.edu/prhe/tmlinks.html.


TABLE 2-4 Occupational and Environmental Exposure History






	Work/Hobbies






	What is your occupation? What are your hobbies?






	What are the occupations and hobbies of other members of your household?






	Are you exposed to any of the following substances at work, home, or school: fumes, vapors, dusts, pesticides, painting materials, lead, mercury or other metals?






	Have you ever felt sick after contact with a chemical?






	Do you wear personal protective equipment at work or while doing hobbies?






	Do your symptoms get better away from work/hobbies?






	Residence






	Was your home built before 1978? If so, has it been tested for lead paint?






	If your home has lead paint, is it flaking? Have you done any recent remodeling?






	Where does your drinking water come from?






	Have you had your water tested for lead?






	If you have a private well, has the water been tested?






	Do you know of any industrial emissions near your house (hazardous waste sites, dry cleaners, auto repair shops)?






	Do you live in an agricultural area?






	Do you use pesticides? In your home? Garden? On pets?






	Do you use any traditional medications or remedies?∗







	Do you ever smell chemical odors while you are at home?






	Do your symptoms get better away from home?






	Diet






	What kind of fish do you eat? How often do you eat fish?






	Do you or anyone in your home fish in local waters?






	Do you eat a lot of foods high in animal fats (fast food, ice cream, cheese, whole milk, fatty meats)?






	Do you grow your own vegetables? Has the soil been tested?






	Do you take any dietary supplements?∗








∗ May involve exposure to heavy metals such as mercury or lead.


Adapted from Solomon GM, Janssen SJ: (2010). Communicating with patients and the public about environmental exposures and reproductive risk. In Woodruff TJ, Janssen SJ, Guillette LJ Jr, Giudice LC: Environmental impacts on reproductive health and fertility, Cambridge, UK, 2010, Cambridge University Press, pp 214-226.
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Chapter 3 Pediatric and Adolescent Gynecology




Erica Boiman Johnstone







Key Updates







1. Although timing of onset of puberty did not change significantly in the United States between the late 1960s and the early 1990s, the age of menarche decreased by 0.46 years in black girls, to 12.06, and by 0.34 years in white girls, to 12.55 years.


2. Increased linear growth can be attained in girls with Turner’s syndrome on growth hormone therapy when low-dose estradiol is initiated and slowly increased, rather than starting with full maintenance dose.


3. Mutations in the GPR54 gene, a g-protein coupled receptor bound by the protein kisspeptin, are a novel cause of hypogonadotropic hypogonadism.


4. Continuous oral contraceptives are more effective than cyclic regimens in ameliorating pain due to endometriosis in adolescents, with resolution in 75% to 100%.


5. Use of the contraceptive patch results in increased ethinyl estradiol exposure compared with a 30-mcg ethinyl estradiol oral contraceptive or the vaginal contraceptive ring.


6. Use of depot medroxyprogesterone acetate for 3 years in women ages 16 to 24 is associated with significant bone loss, which is reversible upon discontinuation.


7. The quadrivalent human papilloma virus (HPV) vaccine, introduced in 2006, is recommended for girls beginning at age 11 or 12 and for all adolescent girls who have not yet received it.


8. Cervical cancer is rare among adolescents and young women; therefore, conservative therapy is recommended for cervical dysplasia.


9. Use of liquid-based cytology and performing two or more biopsies at colposcopy improves sensitivity for CIN-2 or greater.


10. Tdap (tetanus, diphtheria, acellular pertussis) vaccine is recommended to be given once to adolescents between age 11 and 18 to replace prior Td vaccine. MCV4 (meningococcal) vaccine is recommended to be given once prior to when a girl starts high school.












Normal Puberty and Menarche







• Typically, pubertal development proceeds in the following order:



• Pubarche: median age 10.6 in white girls, 9.5 in black girls in the United States



• Thelarche: median age 10.3 in white girls, 9.5 in black girls



• Menarche: median age 12.55 in white girls, 12.06 in black girls, 12.25 in Hispanic girls; 2-3 years after thelarche (Herman-Giddens, 2005)


• The median age of menarche in the United States differs by ethnicity based on National Health and Nutrition Examination Survey (NHANES) data from 1988 to 1994 (Table 3-1).


• Irregular menses and anovulation are common after menarche, so a menstrual cycle length of 21 to 45 days should be considered normal in the first 2 years (5th percentile 23 days, 50th percentile 32 days, 95th 90 days).



• By 3 years after menarche, 60% to 80% of cycles are 21 to 34 days in length.



• By 4 years, the 95th percentile is 50 days.



• By 6 years, the 95th percentile is 38 days.


• Typical duration of flow is 2 to 7 days.


• Most adolescents use 3 to 6 pads or tampons per day.


• Early menarche associated is with early onset of ovulation: 50% of those with menarche before age 12 are ovulatory in the first year (American Academy of Pediatrics Committee on Adolescence, 2006).







TABLE 3-1 Racial Differences in Age of Menarche from NHANES


[image: image]







UPDATE #1


The age of onset of female puberty decreased in the United States in the first half of the 20th century. However, there was no statistically significant change in the timing of the onset of puberty (Tanner stage II breasts or pubic hair) in black or white girls between the National Health Examination Survey III (NHES III, 1966 to 1970) and NHANES (1988-94). In Hispanic girls, the proportion having attained Tanner stage II breasts and pubic hair at age 10 or 11 increased between the Hispanic Health and Nutrition Examination Survey (HHANES, 1982-84) and NHANES (Sun et al, 2005). The median age at menarche decreased by 0.34 years in white girls, which was not statistically significant; however, in black girls the median age of menarche decreased by 0.46 years. The timing of menarche was associated with body mass index, with earlier menarche in heavier girls (Chumlea et al, 2003). Postulated reasons for earlier pubertal development include genetic differences between racial and ethnic groups, increased body weight, exposure to endocrine disrupting chemicals, estrogenic effects of soy-based infant formulas, dietary changes, exogenous hormone exposure, an increased prevalence of small-for-gestational age births, and psychosocial stress related to absent fathers and cultural hypersexualization (Herman-Giddens, 2005).












Primary Amenorrhea and Delayed Puberty






Definitions and indications for evaluation







• Although primary amenorrhea was traditionally defined as absence of menses by age 16, recent data about norms indicate that evaluation should begin in the absence of menses by age 15.


• Evaluation also indicated if menses do not occur within 5 years of thelarche.


• Absence of thelarche by age 13 warrants evaluation (American Society for Reproductive Medicine Practice Committee, 2004).












Initial evaluation







• Pregnancy test.


• Thyroid stimulating hormone (TSH), follicle stimulating hormone (FSH), prolactin (Figure 3-1).


• Breast examination.


• Examination of internal and external genitalia; pelvic ultrasound if inconclusive for the presence of a uterus.


• Causes of primary amenorrhea are detailed in Table 3-2.
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Figure 3-1. Evaluation of amenorrhea.


(From American College for Reproductive Medicine Practice Committee: current evaluation of amenorrhea, Fertil Steril 82[1]: 266-272, 2004.)





TABLE 3-2 Causes of Primary Amenorrhea






	Category

	Approximate Frequency (%)






	Breast Development

	30






	Müllerian agenesis

	10






	Androgen insensitivity

	9






	Vaginal septum

	2






	Imperforate hymen

	1






	Constitutional delay

	8






	No Breast Development: High FSH

	40






	46XX

	15






	46XY

	5






	Abnormal

	20






	No Breast Development: Low FSH

	30






	Constitutional delay

	10






	Prolactinomas

	5






	Kallmann syndrome

	2






	Other CNS

	3






	Stress, weight loss, anorexia

	3






	PCOS

	3






	Congenital adrenal hyperplasia

	3






	Other

	1







From Current evaluation of amenorrhea. Practice Committee of the American Society for Reproductive Medicine, Fertil Steril 82(1):266-272, 2004.






Breast development present, normal FSH: 30%







• If examination shows uterus is absent, next step in evaluation is serum testosterone and karyotype.


• Testosterone in normal male range and 46,XY karyotype: androgen insensitivity syndrome. These patients typically have minimal pubic hair. Gonadectomy should be performed to prevent malignancy but may be delayed until adult height and complete breast development have been attained.


• If normal female range testosterone and 46,XX karyotype: Müllerian agenesis or outflow tract obstruction.


• If history reveals cyclic pelvic pain, evaluate with pelvic ultrasound; hematocolpos or hematometra indicates outflow obstruction, either imperforate hymen or tranverse vaginal septum.


• Imperforate hymen found in 1/2000 females. This is treated with an elliptical incision and drainage of material in vagina. One surgical technique involves a 0.5 cm central oval incision with placement of a 16F Foley catheter with 10 mL saline, left in place for 2 weeks with daily application of conjugated equine estrogen cream. This method leaves an intact hymenal ring, which may be culturally important (Acar et al, 2007).


• Transverse vaginal septum found in 1/80,000 females. Treatment involves resection and anastomosis of upper and lower vaginal segments. The complexity of this surgery is dependent on the location and thickness of the septum and may be facilitated by preoperative vaginal dilator use.


• Müllerian agenesis or Mayer-Rokitansky-Kuster-Hauser syndrome: congenital absence of any or all portions of the female genital tract. If the vagina is absent or inadequate, vaginal dilators are preferred first line therapy for adolescents and adult women. If unsuccessful, surgical neovagina creation may be undertaken. Both methods require maintenance dilator use, so ideal timing depends on individual psychosocial maturity.









No breast development, high FSH: 40%







• Next step in evaluation is karyotype.


• 45,X or mosaic including 45,X: Turner’s syndrome.



• Turner’s syndrome found in 1/2500 to 1/3000 live births.




• Fifty percent have 45,X karyotype; the remainder either mosaicism of 45,X with other lineages or duplication of long arm of one X chromosome (46,X,i(Xq)).



• Phenotype varies depending on karyotype.



• Clinical features include the following:



• Congenital lymphedema



• Short stature



• Gonadal dysgenesis (streak ovaries) in 90% of 45,X with absence of puberty because of premature depletion of primordial follicles; most will undergo normal adrenarche



• Learning disabilities in 70%, usually perceptual motor and spatial processing skills



• Recurrent otitis media in childhood in >50%, caused by small eustachian tubes and palatal dysfunction



• Congenital cardiac defects in 17% to 45%, primarily coarctation of the aorta and bicuspid aortic valve



• Sensorineural hearing loss by adulthood in 44%



• Renal malformations in 40%, including horseshoe kidney and duplicated collecting system



• Ophthalmologic problems in 30%, including ptosis, strabismus, nystagmus, and cataracts



• Hypothyroidism in 15% to 30%, typically adult onset



• Skeletal dysplasias



• Melanocytic nevi



• Developmental delay in 10%, often with ring or marker chromosome



• Diabetes mellitus in 7%



• Inflammatory bowel disease is common in i(Xq) cell lineage



• Timing of ovarian failure is variable: while the majority with a 45,X karyotype will not initiate pubertal development, some girls will have pubertal arrest, and 40% of those with a 45,X/46,XX mosaicism will have spontaneous menarche.



• If diagnosis is strongly suspected but initial karyotype is 46,XX, karyotype should be performed on 100 lymphocytes; consider karyotyping of dermal fibroblasts.



• 46,XY with SRY deletion (46,X,del(Yp)) will present with Turner phenotype, but increased risk of gonadoblastoma, so gonadectomy should be performed (Sybert et al, 2004).



• Table 3-3 details recommended evaluations for those with Turner syndrome.



• Estrogen replacement should be initiated for pubertal induction at age 12 to 13 in girls without spontaneous pubertal development (Table 3-4).




TABLE 3-3 Recommendations for Care of Girls and Women with Turner Syndrome
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TABLE 3-4 Ovarian Hormone Replacement in Turner Syndrome






	Age (years)

	Age-Specific Suggestions

	Comments






	10-11

	Monitor for spontaneous puberty by Tanner staging and FSH level

	Low-dose estrogen treatment may not inhibit GH-enhanced growth in stature






	10-13

	If no spontaneous development and FSH elevated, begin low-dose E2

	Equivalent initial E2 doses: depot (im) E2, 0.2-0.4 mg/month; transdermal E2 6.25 μg daily;∗ micronized E2, 0.25 mg daily by mouth






	12.5-15

	Gradually increase E2 dose over about 2 years (e.g., 14, 25, 37, 50, 75, 100, 200 μg daily via patch to adult dose)

	Usual adult daily dose is 100-200 μg transdermal E2, 2-4 mg micronized E2, 20 μg EE2, 1.25-2.5 mg CEE






	14-16

	Begin cyclic progesterone treatment after 2 years of estrogen or when breakthrough bleeding occurs

	Oral micronized progesterone best option at present; usual adult dose is 200 mg/d on days 20-30 of monthly cycle or days 100-120 of 3-month cycle






	14-30

	Continue full dose at least until age 30 because normally estrogen levels are highest between age 15 and 30 years

	Some women may prefer using oral or transdermal contraceptive for HRT; monitor endometrial thickness






	30-50

	The lowest estrogen dose providing full protection versus osteoporosis is 0.625 CEE or equivalent

	Monitor osteoporosis risk factors, diet, exercise; obtain BMD and begin regular screening mammography by age 45 years






	>50

	Decision on estrogen based use on same considerations as other postmenopausal women

	New HRT options are appearing, and these recommendations may need updating in near future







CEE, conjugated equine estrogens; E2, estradiol; EE2, ethinyl estradiol; HRT, hormone replacement treatment.


∗ The lowest-dose commercially available E2 transdermal patches deliver 14 and 25 μg daily; it is not established whether various means of dose fractionation (e.g., administering a quarter patch overnight or daily or administering whole patches for 7-10 days per month) are equivalent.


From Bondy CA: Clinical practice guideline: care of girls and women with Turner syndrome: a guideline of the Turner syndrome study group, J Clin Endocrinol Metab 92:10-25, 2007.





UPDATE #2


Increased linear growth can be obtained in girls with Turner’s syndrome using growth hormone when low-dose depot estradiol is initiated at age 12 or 14, rather than starting the treatment with full-dose estrogen supplementation (Rosenfield et al, 2005).





 


• 46,XY or mosaic including Y chromosomal material: Swyer’s syndrome, 46,XY gonadal dysgenesis. Gonadectomy should be performed shortly after diagnosis because of a 25% risk of malignancy. In some cases, the uterus may be absent if testis was partially functional in utero and produced antimüllerian hormone. Female pubertal development should be induced using exogenous estrogen in the same manner as for Turner’s syndrome.


• 46,XX karyotype: primary ovarian insufficiency. This is the most commonly idiopathic, but may be due to other rare causes:



• Autoimmune primary ovarian insufficiency. This may be associated with other autoimmune endocrine dysfunction including Addison’s disease with antiadrenal antibodies or autoimmune polyglandular syndrome, type I (APS I), caused by mutations in the AIRE gene.



• Galactosemia.



• FMR1 premutations (fragile X).



• FOXL2 mutations, presenting with blepharophimosis, ptosis, and epicanthus inversus syndrome (BPES).



• FSH receptor mutations.



• Steroidogenic enzyme deficiencies including 17-hydroxylase and aromatase.









Elevated prolactin







• Evaluate with brain magnetic resonance imaging (MRI); visible tumor in 50% to 60%.


• Microadenoma if <10 mm; macroadenoma if >10 mm.


• Primary therapy is dopamine agonist.


• Consider surgery if medical therapy fails.









Normal to low FSH, normal prolactin







• Progestin challenge is no longer indicated due to poor sensitivity and specificity.


• If gonadotropins are very low to undetectable, may be due to congenital or acquired GnRH or gonadotropin deficiency. Brain MRI should be performed to assess for lesion affecting the hypothalamus or pituitary.


• Kallmann syndrome: gonadotropin deficiency and anosmia; may be caused by mutations in KAL1 gene or FGFR1.


• If low to normal FSH, assess for clinical hyperandrogenism (acne, hirsutism, or androgenic alopecia) or biochemical androgen abnormalities (elevated total testosterone, free testosterone, or dihydroepiandrostenedione sulfate); 17-hydroxyprogesterone should also be used to evaluate for nonclassic congenital adrenal hyperplasia.


• Amenorrhea plus clinical or biochemical hyperandrogenism: polycystic ovary syndrome (PCOS). It is difficult to make this diagnosis with certainty in the adolescent, as anovulation and acne are common in the early postmenarchal years. PCOS is often associated with obesity in the adolescent, and girls should be screened for type 2 diabetes and hyperlipidemia. Treatment may include oral contraceptives to prevent endometrial hyperplasia and decrease serum total and free androgens. Spironolactone can be used as an adjunct to oral contraceptives for treatment of clinical hyperandrogenism. Metformin may be used for impaired fasting glucose or impaired glucose tolerance. Some patients will become ovulatory with metformin therapy. For overweight patients, a weight loss of 10% or greater may result in ovulation (Sanfilippo et al, 2009).


• If there is low-normal FSH and no clinical or biochemical hyperandrogenism, the likely diagnosis is functional hypothalamic amenorrhea, found in 3% of adolescents. This can be associated with anorexia, weight loss, extreme exercise, systemic illness, or high levels of psychosocial stress. Prevalence is threefold higher among competitive athletes.


• For all hypoestrogenic states, estrogen therapy is indicated to induce normal bone development. If normal breast development has been attained, oral contraceptives may be used. If pubertal development has not been initiated, estrogen should be slowly increased in the manner used to treat Turner’s syndrome (discussed earlier).








UPDATE #3


Mutations in the GPR54 gene (g-protein coupled receptor) have been found in one consanguineous family and one additional proband with hypogonadotropic hypogonadism. The phenotype of hypogonadotropic hypogonadism has been confirmed in mouse studies. Kisspeptin is the ligand for this receptor; those with mutation show decreased intracellular inositol phosphate increase in response to kisspeptin. These patients show an exaggerated LH response to pulsatile GnRH in comparison with those with idiopathic hypogonadotropic hypogonadism without GPR54 mutations (Seminara et al, 2003).



























Secondary Amenorrhea in the Adolescent


Evaluation should be initiated after 3 months of amenorrhea, or three normal menstrual cycles in a girl who has previously had regular menses. Evaluation should follow the algorithm for primary amenorrhea, including pregnancy test, FSH, and prolactin (Diaz et al, 2006).









Abnormal Uterine Bleeding in the Adolescent






Clinical history







• Anovulatory cycles are common for 2 to 5 years after menarche.


• Use of a menstrual calendar including days of bleeding and menstrual products used can assist in determining normal versus abnormal uterine bleeding.


• Normal menstrual bleeding is 30 mL per month; bleeding >80 mL is associated with anemia.


• Evaluation is recommended for adolescents with the following:



• Menstrual periods that occurred monthly, then became increasingly irregular.



• A menstrual cycle length that is persistently less than 21 days or greater than 45 days.



• Menstrual bleeding lasting longer than 7 days (Diaz et al, 2006).



• Menstrual bleeding saturating the pad or tampon per hour.



• Passage of clots > 1 inch in size.




• Heavy bleeding at menarche leading to anemia (American College of Obstetricians and Gynecologists Committee on Adolescent Health Care, 2009).









Causes of abnormal vaginal bleeding in adolescents (adapted from Sanfilippo et al, 2009)







• Trauma.


• Foreign bodies.


• Infectious: Vaginitis or cervicitis due to sexually transmitted diseases, genital warts or dysplasia, endometritis, pelvic inflammatory disease.


• Tumors: Sarcoma botryoides (infants and children); endometrial polyps, ovarian neoplasms including mature teratoma, androgen-secreting, or granulosa-theca cell tumors, leiomyomata, and steroid-secreting adrenal tumors.


• Endometriosis.


• Congenital malformations of the uterus.


• Complications of pregnancy.


• Coagulopathies: von Willebrand’s.


• Normal variation (midcycle bleeding or early postmenarchal menstrual irregularity)


• Breakthrough bleeding on hormonal contraception.


• Chronic anovulation.


• Systemic disease: hypo- or hyperthyroidism, Cushing’s syndrome, liver disease, inflammatory bowel disease, autoimmune disease, hyperprolactinemia.


• Androgen excess: polycystic ovary syndrome, congenital adrenal hyperplasia, androgen-secreting neoplasm of the adrenal or ovary, exogenous androgens.


• Estrogen excess: granulosa-theca cell tumor of the ovary.


• Pituitary disorders.


• Hypothalamic dysfunction, including that induced by physical or psychological stress.


• Medications.



• Endocrine medications: danazol, spironolactone.



• Anticoagulants and platelet inhibitors.



• Chemotherapeutic agents.



• Herbal and natural supplements: DHEA, dong quai, yam extract.









Evaluation







• History and physical examination, pelvic examination.


• If bleeding is irregular (oligomenorrhea or metromenorrhagia), begin with hormonal evaluation similar to that for amenorrhea.


• If bleeding is cyclic but heavy (menorrhagia), evaluate for abnormalities of coagulation.



• CBC with differential.



• Fibrinogen.



• Prothrombin time.



• Partial thromboplastin time.



• Bleeding time.



• This evaluation should be performed prior to estrogen therapy or transfusion.



• For severe or prolonged bleeding at menarche, or abnormal initial testing, next steps include von Willebrand’s factor antigen, factor VIII activity, factor XI antigen, ristocetin C cofactor, and platelet aggregation studies (Strickland et al, 2003).



• Von Willebrand’s disease found in 1% of the population but 5% to 15% of Caucasian girls with menorrhagia, 1.3% of African-American girls.



• Other causes of menorrhagia include factor deficiencies, anatomic defects such as submucosal leiomyomata (rare in adolescence), hepatic failure, and malignancy.









Therapy for menorrhagia







• Mild anemia (Hb > 11 or Hct > 33%): oral iron supplementation, hormonal contraception (oral, transdermal, or vaginal) if indicated for contraceptive purposes.


• Moderate anemia (Hb 9-11 or Hct 27% to 33%): oral contraceptive pills (OCPs).


• Severe anemia (Hb <9 or Hct <27%): OCPs every 6 hours × 1 week with antiemetics, to be tapered overone1 pill pack, then cyclic OCPs.


• Can also consider cyclic or depot progestins (Sanfilippo et al, 2009).
























Endometriosis in the Adolescent






Presentation







• Endometriosis can be found in premenarcheal girls and shortly after menarche.


• The primary complaint of adolescents with endometriosis is dysmenorrhea (64% to 94%); approximately 60% will also report acyclic pelvic pain (Laufer et al, 2003).


• Müllerian anomalies with outflow obstruction are found in 6.5% to 40% of adolescents with endometriosis (Goldstein et al, 1979; Laufer et al, 1997; Schifrin et al, 1973); this almost universally resolves with treatment of outflow obstruction (Sanfilippo et al, 1986).


• Two thirds of adults diagnosed with endometriosis report symptoms began prior to age 20 (Laufer et al, 2003).









Evaluation







• Initial evaluation includes history, symptom diary, abdominal and pelvic examination including bimanual, rectoabdominal, or ultrasound examination as tolerated (Figure 3-2).


• Laparoscopic evaluation and therapy are indicated if dysmenorrhea is refractory to oral contraceptives and NSAIDs.


• From 19% to 73% of adolescents with chronic pelvic pain have endometriosis at laparoscopy (American College of Obstetricians and Gynecologists, ACOG Committee Opinion No. 310, 2005).


• Sixty percent of adolescents with endometriosis have stage I disease at diagnosis (Goldstein et al, 1980).


• Endometriomata are rare in adolescents.


• Laparoscopic findings in adolescents are most likely to include clear and red endometriotic lesions and less likely to include black or white lesions or peritoneal windows (Laufer et al, 2003).


• All visible disease should be treated at laparoscopy.


• While an empiric trial of GnRH agonist is appropriate for adults with symptoms of endometriosis, this is controversial in adolescents because of the risk of bone loss.











[image: image]

Figure 3-2 Management of pelvic pain in the adolescent. CHT, combination hormone therapy (oral contraceptive pills, estrogen/progestin patch, estrogen/progestin vaginal ring, norethindrone acetate,medroxyprogesterone acetate); GnRH, gonadotropin-releasing hormone; NSAIDs, nonsteroidal antiinflammatory drugs.


(Modified from Bandera CA, Brown LR, Laufer MR: Adolescents and endometriosis, Clin Consult Obstet Gynecol 7:206, 1995.)









Treatment







• Medical therapy must be continued after surgical treatment to prevent recurrence.


• First-line therapy is continuous oral contraceptives.





UPDATE #4


Continuous OCPs (20 to 30 mcg ethinyl estradiol) are more effective than cyclic in treatment of surgically confirmed endometriosis, with symptom improvement in 75% to 100% (Moghissi, 1999).





 


• Danazol is a therapeutic option, but adolescents often cannot tolerate the androgenic side effects.


• Progestin-only therapies (e.g. norethindrone, depot medroxyprogesterone acetate) are not ideal in adolescents because of the risk of bone loss.


• The GnRH agonist also causes bone loss; efficacy of add-back estrogen therapy has not been established in adolescents.


• Multidisciplinary management including educational and psychological resources is recommended (American College of Obstetricians and Gynecologists, ACOG Committee Opinion No. 310, 2005).





















Contraception in the Adolescent


Sexual activity in adolescents in the United States (from the 2007 Youth Risk Behavior Survey):








• 48% of high school students reported having had sexual intercourse; 60% of 12th graders.



• 35% were sexually active within the past 3 months.




• 15% reported four or more total sexual partners.



• 61.5% reported condom use during last intercourse.



• Adolescents who perceive barriers to contraception are more likely to experience negative outcomes from sexual activity.









Oral contraceptives (OCPs) (Sanfilippo et al, 2009)







• May be used in cyclic or extended regimens with infrequent breaks.


• Breakthrough bleeding is increased in extended regimens.


• May start OCPs on date of clinic visit regardless of timing in menstrual cycle; this method leads to improved compliance in adolescents and is not associated with any known teratogenicity in the setting of early pregnancy (Lara-Torre et al, 2002).









Vaginal or transdermal hormonal contraceptives








UPDATE #5


Higher area under the curve (AUC) for ethinyl estradiol (EE) is noted more with the birth control patch (Ortho Evra) than for a combined oral contraceptive (COC) containing 30 mcg EE or for the vaginal contraceptive ring (NuvaRing combined EE, and etonogestrel) when used according to manufacturer’s instructions (van den Heuvel et al, 2005). This has raised concerns for increased risk of thromboembolic complications, although whether this is clinically relevant has not yet been determined.









Progestin-only oral contraceptives







• Increased failure rate because of short half-life.









Depot medroxyprogesterone acetate (DMPA)







• Highly effective (>99% for perfect use, 95% for typical use).


• Side effects include weight gain (average 5 pounds in first year) and irregular bleeding.


• Use with 1200 to 1500 mg daily calcium intake recommended to minimize bone loss.








UPDATE #6


Three years of continuous DMPA use in women ages 16 to 24 was associated with 4.2% loss in bone mass density at spine, and 6% at femoral neck. Bone density was regained after stopping DMPA. A lesser degree of bone loss was seen in women using 20 mcg EE OCPs (Berenson et al, 2008).









Intrauterine devices







• Intrauterine devices, including both copper and levonorgestrel, are a safe and effective option, even for nulliparous adolescents.








Barrier methods: male and female condom







• Recommended for all adolescents for prevention of sexually transmitted diseases, even when another contraceptive method is used.








Emergency contraception







• “Plan B”—levonorgestrel 0.75 mg q 12 hours × 2 doses within 72 hours of unprotected intercourse has a 2.4% failure rate (American College of Obstetricians and Gynecologists, ACOG Practice Guideline no. 69, 2005).


• Equally effective when both pills taken together or at a 24-hour interval.


• Efficacy decreases with time since intercourse but can be used up to 120 hours postcoitus.


• Providing prescription in advance increases likelihood of use (Belzer et al, 2003).


• Alternative regimens involving combination OCPs are associated with more side effects.


• Adolescents understand key points of emergency contraception after reading OTC package label with 83% to 95% comprehension for all key points (Cremer et al, 2009).

































Human Papilloma Virus (HPV) and Cervical Cancer Prevention in the Adolescent






Epidemiology of HPV







• 6.2 million new HPV infections per year in United States; infection rate estimated 1.2% to 1.3% per month among young, sexually active women.


• 10,000 new cervical cancers per year, 3700 deaths.


• 15 genotypes associated with cervical cancer.


• 70% of cervical cancers associated with genotypes 16 and 18; 90% of genital warts associated with HPV genotypes 6 and 11.


• 40% of adolescents are infected within 16 months of onset of sexual activity (Steinbrook, 2006).


• HPV DNA detected in 60% of college students with biannual screening over a 3-year period (American College of Obstetricians and Gynecologists, ACOG Practice Bulletin no. 61, 2005).









Natural history of HPV infection







• Transmission is via sexual contact: genital skin, mucous membranes, or bodily fluids.


• 75% of those sexually exposed to genital warts will develop them.


• Number of sexual partners and age of initiation of sexual activity are key risk factors.


• Prevalence of HPV infection is highest among those ages 20 to 24, approximately 21%.


• However, only 1% to 3.6% have abnormal cervical cytology.


• Two thirds of those age 24 and younger will clear infection without developing cervical intraepithelial neoplasia (CIN); however, the proportion may be lower for high-risk subtypes.


• The average time to clear infection, based on DNA testing, is 8 months (American College of Obstetricians and Gynecologists, ACOG Practice Bulletin no. 61, 2005).


• The timeline for progression of HPV infection is shown in Figure 3-3.











[image: image]

Figure 3-3 Timeline for HPV progression.


(Adapted from Runowicz CD: Molecular screening for cervical cancer: time to give up PAP tests? N Engl J Med 357[16]:1650-1653, 2007.)









Prevention







• Risk decreased by limiting sexual partners, and selecting partners with few prior partners and a prolonged duration since last partner.


• Male circumcision decreases transmission to female partners.


• Condom use can decrease transmission but has not been shown to decrease CIN.


• HPV vaccine introduced in the United States in 2006.








UPDATE #7


In 2006, the Food and Drug Administration (FDA) approved the human papilloma virus (HPV) vaccine for females ages 9 to 26 in 2006. It protects against viral genotypes 6, 11,16, and 18. The vaccine is given in three doses over 6 months, with the second dose given 2 months after the first dose and the third dose given 4 months after the second dose. A bivalent vaccine, providing protection only against genotypes 16 and 18, is also available. Initial studies showed the vaccine to be 100% effective against CIN-2 and 3 and condylomata caused by these subtypes in women not previously infected. In women with prior infection, the vaccine does not promote clearance of the high risk HPV subtype but retains effectiveness against the other subtypes (Hildesheim et al, 2007). ACOG recommends offering the vaccine to all women in the appropriate age group who have not yet been vaccinated. Vaccination does not change recommendations for cervical cancer screening. HPV testing prior to vaccination is not indicated. The vaccine is class B in pregnancy and is appropriate for HIV-positive adolescents. It is not yet known whether a booster will be needed (Committee on Adolescent Care, 2006).









Screening







• Screening algorithms may include liquid-based or conventional PAPs, high-risk HPV (HR-HPV) DNA testing, or both.


• Sensitivity of PAP testing for CIN: liquid-based 65% to 95%, conventional 50% to 80%.


• HR-HPV testing improves sensitivity for CIN-2 and 3 but decreases specificity.


• Likelihood of detecting HR-HPV increases with severity of dysplasia: 66% in CIN-1, 95% in CIN-3.


• For adolescents, ACOG recommends pap testing within 3 years of initiation of intercourse or at age 21.


• HR-HPV testing is recommended only in the setting of abnormal cytology; when used with abnormal squamous cells of undetermined significance (ASCUS) PAPs, it decreases number of colposcopies performed.


• HR-HPV DNA testing can be used as a test of cure 6 months after treatment for CIN-2 or 3.


• However, approximately 5% are biopsy-proven CIN-3 negative for HR-HPV at the time of initial pap. The majority of these had an initial ASCUS pap (Castle et al, 2008).


• Management of abnormal cervical cytology and histology is shown in Table 3-5.





TABLE 3-5 Recommendations for Abnormal Cervical Cytology and Histology in Adolescents






	Diagnosis

	Recommendation






	ASC-US (no HPV testing)

	Repeat cytology in 12 months






	ASC-H

	Colposcopy






	LSIL (no HPV testing)

	Repeat cytology in 12 months






	HSIL

	Colposcopy






	AGC

	Colposcopy (may need to refer to a specialist)






	Cancer

	Refer to specialist






	Mild dysplasia

	Repeat cytology in 1 year






	Moderate dysplasia

	Repeat colposcopy and cytology in 4-6 months






	Severe dysplasia or CIS

	Treat per ASCCP guidelines







ASC-US, atypical squamous cells of undetermined significance; HPV, human papillomavirus; ASC-H, atypical squamous cells cannot exclude high grade; LSIL, low-grade squamous intraepithelial lesion; HSIL, high-grade squamous intraepithelial lesion; AGC, atypical glandular cells; CIS, carcinoma in situ; ASCCP, American Society for Colposcopy and Cervical Pathology.


From Sanfilippo JS, Lara-Torre E : Adolescent gynecology, Obstet Gynecol 113(4):935-947, 2009.


Colposcopy recommended in adolescents with low-grade squamous intraepithelial lesion (LSIL) or ASCUS only if persistent for 24 months.





UPDATE #8


Cervical cancer is rare in young women, with no cancers detected in evaluation of 622 abnormal paps in women ages 13 to 24. CIN-3 was found in 6.6% of all women with abnormal PAPs, and 27% of those with high grade squamous intraepithelial lesion (HSIL) (Moscicki et al, 2008).











UPDATE #9


An LSIL or ASCUS result on a liquid-based pap is more sensitive for CIN-2 or higher than the same result on conventional cytology. Sensitivities are similar for HSIL. Liquid-based pap results are less specific than conventional pap results (Arbyn et al, 2008). Performing two or more biopsies at colposcopy improves sensitivity for CIN-2 or greater, independent of provider type, and colposcopic impression (Gage et al, 2006).












Treatment of CIN in the adolescent (see Table 3-5) (Wright et al, 2007)







• CIN-1 on biopsy: repeat cytology at 12 months. Repeat colposcopy at 12 months for HSIL on repeat cytology; repeat colposcopy at 24 months for any cytologic abnormality.


• CIN-2: observation with cytology and colposcopy every 6 months for up to 24 months is preferred to immediate excisional treatment in the adolescent.


• CIN-3: excisional treatment is recommended.


• Follow-up after therapy should include cytology and HR-HPV DNA testing.



























Sexually Transmitted Diseases in the Adolescent






Herpes simplex virus (HSV)







• 26% of women over age 12 are positive for HSV-2 serology, 67% for HSV-1.


• Likelihood of infection is associated with age at first contact.


• Initial episode is associated with flulike symptoms (ACOG Committee on Practice Bulletins—Gynecology, 2004).









Chlamydia trachomatis







• The most common bacterial sexually transmitted disease (STD) in the United States (>1 million cases/year, most younger than age 26).


• Prevalence is 2% overall, 4% in Hispanics, 13% in Native Americans, and 14% in African Americans.


• The Centers for Disease Control and Prevention (CDC) has recommended screening for all sexually active adolescents and women under age 25.


• However, only 16% of women ages 15 to 25 were screened at outpatient preventive care visits, and only 22% of those presenting with symptoms were screened (Hoover et al, 2008).









Human immunodeficiency virus (HIV)







• 25% of adolescent females have been screened.


• 20% to 25% of those diagnosed with HIV report no risk factors.


• Universal screening has not been demonstrated to prevent disease progression or death.


• Risk factors considered indications for screening in the asymptomatic adolescent include diagnosis of other sexually transmitted diseases, male homosexual contact, current or past injection drug use, exchange of sex for money or drugs, past or current sex partners with risk factors, or unprotected vaginal or anal intercourse with more than one partner (Chou et al, 2005).





















Role of the Gynecologist in Adolescent Primary Care







• Routine assessments for adolescents shown in Table 3-6.


• ACOG recommends first gynecologic visit at age 13 to 15 to initiate education and preventive care (Committee on Adolescent Health, 2009).


• Pelvic examination may be deferred unless indicated because of the following:



• Delayed or precocious puberty



• Abnormal vaginal bleeding or discharge



• Pelvic or abdominal pain


• Developmental staging may be evaluated by external visual examination.


• Confidentiality should be addressed with the patient and her parent(s) at the initial visit. State laws vary with regard to confidentiality and parental notification requirements; details can be found at www.guttmacher.org.


• In the sexually active adolescent, urine testing for gonorrheal and chlamydial infections may be performed.


• Initial pap and speculum examination recommended 3 years after the onset of sexual activity.


• The prevalence of overweight and obesity have been steadily increasing in adolescents since the 1980s. Weight, diet, and exercise should be addressed at every preventive care visit.


• Appropriateness of weight should be determined based on an age-specific body mass index (BMI) curve (Figure 3-4).



• Adolescents at the 85th to 95th percentiles for BMI are considered “at-risk” for becoming overweight.



• Adolescents at the 95th percentile or greater for BMI are considered overweight.


• The Surgeon General recommends 60 minutes of physical activity per day most days of the week for adolescents.





TABLE 3-6 Recommendations for Periodic Assessments in Adolescents






	Periodic Assessment: Ages 13-18 Years






	Screening

	Evaluation and Counseling

	Skin Exposure to Ultraviolet Rays






	History

	Sexuality

	Tobacco, Alcohol, other Drug Use






	Reason for visit
Health status: medical, menstrual, surgical, family
Dietary/nutrition assessment
Physical activity
Use of complementary and alternative medicine
Tobacco, alcohol, other drug use
Abuse/neglect
Sexual practices

	Development
High-risk behaviors
Preventing unwanted/unintended pregnancy



— Postponing sexual involvement







— Contraceptive options, including emergency contraception





Sexually transmitted diseases




— Partner selection







— Barrier protection







	Immunizations
Periodic
Diphtheria and reduced tetanus toxoids and acellular pertussis vaccine booster (once between 11 and 18 years)|
Hepatitis B vaccine (one series for those not previously immunized)
Human papillomavirus vaccine (one series for those not previously immunized, ages 9-26 years)






	
Physical Examination
Height
Weight
Body mass index (BMI)
Blood pressure
Secondary sexual characteristics (Tanner staging)
Pelvic examination (when indicated by the medical history)
Skin∗
Laboratory Testing
Periodic
Chlamydia and gonorrhea testing (if sexually active)†
Human immunodeficiency virus (HIV) testing (if sexually active)‡
High-risk groups∗
Colorectal cancer screening§
Fasting glucose testing
Genetic testing/counseling
Hemoglobin level assessment
Hepatitis C virus testing
Lipid profile assessment
Rubella titer assessment
Sexually transmitted disease testing
Tuberculosis skin testing

	
Fitness and Nutrition
Exercise: discussion of program
Dietary/nutrition assessment (including eating disorders)
Folic acid supplementation
Calcium intake
Psychosocial Evaluation
Suicide: depressive symptoms
Interpersonal/family relationships
Sexual orientation and gender identity
Personal goal development
Behavioral/learning disorders
Abuse/neglect
Satisfactory school experience
Peer relationships
Date rape prevention
Cardiovascular Risk Factors
Family history
Hypertension
Dyslipidemia
Obesity
Diabetes mellitus
Health/Risk Behaviors
Hygiene (including dental), fluoride supplementation∗
Injury prevention






— Exercise and sports involvement







— Firearms







— Hearing







— Occupational hazards







— Recreational hazards







— Safe driving practices







	Influenza vaccine (annually)
Measles—mumps—rubella vaccine (for those not previously immunized)
Meningococcal conjugate vaccine (before entry into high school for those not previously immunized)
Varicella vaccine (one series for those without evidence of immunity)
High-Risk Groups∗
Hepatitis A vaccine
Pneumococcal vaccine
Leading Causes of Death¶



1. Accidents (unintentional injuries)


2. Malignant neoplasms


3. Intentional self harm (suicide)


4. Assault (homicide)


5. Diseases of the heart


6. Congenital malformations, deformations, and chromosomal abnormalities


7. Chronic lower respiratory diseases


8. Cerebrovascular diseases


9. Influenza and pneumonia


10. In situ neoplasms, benign neoplasms, and neoplasms of unknown or uncertain behavior













∗ See Table 3-1.


† Urine-based sexually transmitted disease screening is an efficient means for accomplishing such screening without a speculum examination.


‡ Physicians should be aware of and follow their states’ HIV screening requirements. For a more detailed discussion of HIV screening, see Branson BM, Handsfield HH, Lampe MA, et al: Revised recommendations for HIV testing for adults, adolescents, and pregnant women in health-care settings. Centers for Disease Control and Prevention (CDC), MMWR Recomm Rep 55(AR-14):1-17; quiz CE1-4, 2006. See also Routine human immunodeficiency virus screening: ACOG committee opinion no. 411, American College of Obstetricians and Gynecologists, Obstet Gynecol 112:401-403, 2008.


§ Only for those with a family history of familial adenomatous polyposis or 8 years after the start of pancolitis. For a more detailed discussion of colorectal cancer screening, see Levin B, Lieberman DA, McFarland B, et al. Screening and surveillance for the early detection of colorectal cancer adenomatous polyps, 2008: a joint guideline from the American Cancer Society: US Multi-Society Task Force, American College of Radiology Colon Cancer Committee, CA Cancer J Clin 58:130-160, 2008.


| For more information on the use of Td and Tdap, see Broder KR, Cortese MM, Iskander JK, et al. Preventing tetanus, diphtheria, and pertussis among adolescents: use of tetanus toxoid, reduced diphtheria toxoid and acellular pertussis vaccines recommendations of the Advisory Committee on Immunization Practices (ACIP), Advisory Committee on Immunization Practices (ACIP), MMWR Recomm Rep 55(RR-3):1-34, 2006.


¶ Leading causes of mortality are provided by the Mortality Statistics Branch at the National Center for Health Statistics. Data are from 2004, the most recent year for which final data are available. The causes are ranked.


From American College of Obstetricians and Gynecologists: ACOG Committee opinion no> 452: Primary and preventive care: periodic assessments, Obstet Gynecol 114(6):1444-1451, 2009.





[image: image]

Figure 3-4 Age-specific BMI percentiles


(Adapted from American College of Obstetricians and Gynecologists: ACOG committee opinion no. 351: the overweight adolescent: prevention, treatment, and gynecologic implications, Obstet Gynecol 108:1337-1348, 2006.)








UPDATE #10


Rates of pertussis infection in people over age 10 have increased in the United States since the 1970s, resulting from loss of immunity. The Tdap (tetanus, diphtheria, acellular pertussis) vaccine has been demonstrated to be similar in safety and effectiveness to the Td vaccine for tetanus and diphtheria in adolescents (>99% with serum titers consistent with immunity). This vaccination is recommended in adolescents, to be given once between ages 11 and 18 (Pichichero et al, 2005).


ACOG recommends the meningococcal conjugate vaccine (MCV4) for preadolescents at age 11 or 12 or prior to entry into high school. Pregnancy is not a contraindication to the MCV4 vaccine (American College of Obstetricians and Gynecologists, ACOG Committee Opinion no. 314, 2005).












Breast Concerns in the Adolescent






Mastalgia (breast pain)







• May be associated with swelling and/or nodularity.


• Commonly in the upper outer quadrant.


• Typically worse premenstrually.


• Treatment: decreasing or eliminating nicotine and caffeine, use of supportive sports bras, and NSAIDs.


• OCPs may provide relief with fibrocystic breasts.









Nipple discharge







• Causes include local irritation, pregnancy, and medications including OCPs.


• Galactorrhea (milky white discharge) may be seen in hypothyroidism or hyperprolactinemia. Evaluate with TSH and prolactin.


• Brown or bloody discharge should be evaluated with ultrasound to assess for ductal ectasia, intraductal papilloma, or papillomatosis.









Breast mass







• May be reported by parent with development of breast buds at age 8 to 10.


• Breast asymmetry is common in adolescence and may persist into adulthood; this may be reported as a mass but rarely is associated with abnormality.


• Breast masses in the adolescent should be evaluated with ultrasound, not mammography.


• 67% of masses in adolescents are fibroadenomata. The majority will decrease in size or resolve spontaneously within 10 years.


• 15% of masses are due to fibrocystic changes.


• 3% are due to infectious etiologies: mastitis or abscess.


• Primary breast malignancy occurs in less than 1/100,000 women under age 20.


• Therefore, biopsy should be performed only in cases of rapid enlargement, skin changes, or in adolescents with a prior history of malignancy.









Breast hypertrophy







• “Juvenile” or “virginal” breast hypertrophy is typically seen in females with normal pubertal breast development followed by ongoing rapid growth. This may be unilateral or bilateral.


• Breast hypertrophy is associated with significant distress and social dysfunction as well as back and shoulder pain.


• Reduction mammoplasty is associated with high satisfaction (75% to 94%) and improvement in self-esteem when performed at age 15 to 17.


• Potential complications of surgery include pain, scar formation, and occasionally difficulty breast-feeding.


• Exact timing is somewhat controversial. Some surgeons wait until breasts stop growing for 6 months or until age 18, but in some cases mammoplasty is performed sooner because of the severity of symptoms and associated distress.
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