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Abstract

A large number of medications and medical devices removed from the market by the US Food and 

Drug Administration over the past 4 decades specifically posed greater health risks to women. 

This article reviews the historical background of sex and gender in clinical research policy and 

describes several approved drugs and devices targeted for use in women that have caused major 

morbidity and mortality. The intended population for the medications and devices, population 

affected, approval process, and the basic and legal actions taken against the medication/drug 

company are also discussed. It is recognized that women are still at risk for harm from unsafe 

medications and devices, and continued improvements in legislation that promotes inclusion of sex 

and gender into the design and analysis of research will improve safety for both men and women.
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INTRODUCTION

Inequitable sex and gender distribution in pharmacologic research and subsequent clinical 

trials can result in downstream toxic effects in women. Unanticipated adverse events or fetal 

injury, associated with significant morbidity and mortality, continue to be reported in 

mainstream media, peer-reviewed literature, and government-sponsored reporting systems. 

The present commentary describes drugs and devices targeted for use in women that have 

caused major morbidity and mortality. The controversy surrounding many of these drugs and 

devices has altered the current landscape of research policy and drug and device approval. 

We review the historical background of the effects of sex and gender in clinical research 

policy and present a series of notable medications and devices removed from the market due 
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to serious adverse drug reactions in women, as well as several undergoing public scrutiny 

due to current safety concerns in women and their offspring.

HISTORICAL BACKGROUND

The metabolism of pharmaceutical drugs, which includes the duration and intensity of a 

drug’s pharmacologic action, varies between men and women. These variations may be due 

to sex differences in reproductive physiology, hormone variances, and genetic 

polymorphisms, and they have led to numerous safety issues in women because they 

experience more frequent and more severe adverse drug events than male subjects.1,2 

Historically, women have been under represented in clinical trials, with resulting research 

predominantly being performed on male animals and men. In many cases, this inherent bias 

in research design has led to catastrophic consequences for women. In the 1960s and 1970s, 

women of childbearing age and their offspring suffered debilitating health outcomes due to 

the use of several unsafe medications.

The bias against including women in clinical trials was initially intended to be protective to 

prevent potentially negative consequences for women if they became pregnant during the 

study.3 Owing to political, legal, and social forces, these protectionist policies led to a 

disparity between sexes. Although policies have advanced to be more inclusive of female 

subjects in research, sex-specific adverse events still occur. This phenomenon may be due to 

undetected or unrecognized adverse events that occur during initial approval and subsequent 

off-label use. In particular, this scenario may occur when novel therapeutic agents are not 

tested in the intended population using the pharmaceutical. In light of these adverse drug 

reaction reports, advancements over the past decades have promoted more inclusive safety 

studies, although there is still a lag with resultant safety issues in women. The Figure 

outlines historically important policy changes.

Morbidity to offspring caused by 2 medications in particular, thalidomide and 

diethylstilbestrol (DES), fueled the desire to protect fetuses and women of childbearing 

potential.3 The adverse events associated with thalidomide and DES became examples for 

the importance and creation of drug safety policy leading to numerous changes in legislation 

in the United States. At the time the thalidomide application was filed with the US Food and 

Drug Administration (FDA) in 1960, the agency did not have the authority to require proof 

of efficacy of drugs.4 After thalidomide was recognized to cause significant birth defects, 

legislation was introduced that provided the FDA authority to require efficacy and safety 

data before drug approval.4,5 The Kefauver-Harris Drug Amendments to the US Federal 

Food, Drug, and Cosmetic Act of 1938 were signed into law on October 10, 1962, 

mandating that drug companies provide proof of both safety and efficacy of their products 

before approval.6 In addition, it required consent of human subjects during clinical trials and 

stated that investigational drugs must be tested in animals before human subjects.7

The creation of new drug safety policy in the United States continued with the National 

Research Act of 1974, which established a National Commission for the Protection of 

Human Subjects of Biomedical and Behavioral Research. Their obligations included 

identifying ethical principles and developing guidelines for research involving human 
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subjects. One year later, regulations created by the national commission regarding research 

on fetuses and pregnant women were incorporated into the Department of Health and 

Human Services regulations. Although the original drafts included restrictions on the 

inclusion of women of childbearing potential, these were removed from the final regulations.
8 Despite removal of restrictions, the FDA issued guidelines in 1977 for drug development 

which recommended that women of childbearing potential be excluded from the early 

phases of drug trials, arguably setting back advances in women’s health.9

With continued recognition of adverse drug events in women, advocates of women’s health 

began to speak out against the disparity. In 1985, the US Public Health Service Task Force 

on Women’s Health Issues reported that the “historical lack of research focus on women’s 

health concerns has compromised the quality of health information available to women as 

well as the health care they receive.”10 This statement provoked the National Institutes of 

Health (NIH) to create a policy in 1986 urging researchers applying for grants to include 

women in clinical research and to evaluate their studies according to sex and gender 

differences. However, in 1990, the General Accounting Office released a report stating that 

the NIH policy was ineffective.11 After publication of this report, the NIH created an Office 

of Research on Women’s Health, which was mandated to support and enhance research on 

diseases affecting women’s health, to ensure that women were adequately represented in 

research studies and to help increase the enrollment of women in biomedical research. 

Similar changes were implemented in the following years, including the establishment of the 

Women’s Health Initiative in 1991 and the NIH Revitalization Act of 1993, which contained 

6 bills that addressed research, health care, and prevention measures in women’s health. 

However, despite these changes, the General Accounting Office issued another report in 

1992 stating that although women were often included in drug trials, far fewer were 

represented than the number of women in the population with the disease of interest for 

>60% of the drugs. The report also noted that pharmaceutical manufacturers often did not 

analyze data for sex and gender differences.

With all of these criticisms circulating, in 1993, the FDA finally lifted the 1977 restriction 

on the inclusion of women of childbearing potential in early clinical trials. They also 

reinforced their expectations regarding analysis of trials according to sex and gender 

differences in pharmacokinetic and pharmacodynamic principals, and the need for an 

increase of studies involving women.10 Efforts to equalize men and women with respect to 

clinical research have continued through to the present day. The Research for All Act of 

2015 amends the Public Health Service Act to require the NIH to ensure that basic research 

projects include both male and female cells, tissues, or animals.12

Between 1997 and 2000, eight of the ten drugs withdrawn from the market posed a greater 

health risk for women either due to unanticipated gender-prescribing trends or sex-specific 

adverse drug reactions.13 Despite the immense progress made with respect to equality in 

human research, women are still at greater risk of harm then men by unsafe medications and 

devices approved for their use. The Table outlines the medications and devices discussed 

here.
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THALIDOMIDE

Thalidomide is a synthetic drug that was first marketed in Germany in 1957 by the company 

Chemie Grünenthal under the name “Contergan.”14 Thalidomide, synthesized in 1953, was 

initially explored for bactericidal properties. Although the initial animal models failed to 

demonstrate antimicrobial activity, Chemie Grünenthal noted that the drug was nonfatal in 

extremely high doses in animals and determined the drug to be nontoxic.15,16 Initial human 

trials explored thalidomide as an antiepileptic agent but failed.14 It was, however, observed 

to be an excellent sedative and treatment of morning sickness in female subjects, and it 

quickly became the third best-selling drug in Europe. The company distributed free samples 

of the drug to physicians in West Germany and Switzerland in 1955 without a plan for 

monitoring or follow-up.16 Starting on October 1, 1957, thalidomide was made available 

over the counter in Germany. It was reported to be extremely safe because it was never 

observed to cause a fatality in overdose.17 However, data were based on limited animal 

studies. Thalidomide was initially available for nearly 5 years, being sold in 46 countries and 

under at least 37 different names, before it was withdrawn from the market for its 

teratogenic associations.14,18

Although thalidomide was primarily sold as a sedative and for the treatment of morning 

sickness in pregnant female patients, it was also marketed as effective for the treatment of 

numerous other conditions, including alcoholism, anxiety, arthritis, asthma, depression, 

emotional instability, influenza, premature ejaculation, premenstrual symptoms, stress 

headaches, and tuberculosis.4,17 As a result, numerous pharmaceutical companies 

manufactured the drug and sold it under a variety of names for various conditions across the 

world over the next few years.17

The US FDA received an application from the William S. Merrell Company to market 

thalidomide in September 1960.14,19 Although the drug was widely used in Europe, Dr. 

Frances Oldham Kelsey was concerned about the lack of safety data presented in the 

application and requested more data. While the application was under review by the FDA, 

thalidomide stopped being sold over the counter and required a prescription in Germany due 

to reports of associated peripheral neuritis with chronic use.14 In November 1961, Dr. 

Widukind Lenz of Germany wrote to the manufacturer regarding his concern that 

thalidomide was responsible for the outbreak of phocomelia (absent or shortened limbs) in 

children born to mothers taking thalidomide in Europe at the time. Shortly thereafter, the 

Lancet published a letter written by Dr. William McBride from Australia reporting an 

association between thalidomide use during pregnancy and congenital abnormalities.20 Once 

the association was confirmed, the drug was withdrawn from the world market. The William 

S. Merrell Company withdrew their application to market the drug in March 1962 before the 

drug ever received approval in the United States.14 During its time on the market, 

thalidomide is believed to have caused congenital abnormalities in > 10,000 children 

worldwide.4

After withdrawal of the drug from the market, legal action was brought against Chemie 

Grünenthal and 9 of its officials for their role in the distribution and sales of thalidomide.21 

This was brought to trial as a criminal action case based on alleged violation of drug laws in 
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West Germany, homicide, and negligence. In December 1969, a financial settlement was 

reached in an amount close to $30,000,000.21 The settlement was distributed among parents 

of nearly 2000 surviving children (approximately $19,000 per child), 800 adults, and court 

costs. However, the court dropped the criminal charges on the basis that criminal intent had 

never been proven. In addition to legal actions taken against the drug makers, the 

thalidomide experience helped develop the postmarketing surveillance culture, as well as 

having a significant effect on the regulatory process of pharmaceuticals in the United States 

and abroad.5,7

Currently, thalidomide is approved by the FDA for the treatment of erythema nodosum and 

leprosy.16 In 1965, Dr. Jacob Sheskin treated some of his critically ill patients with 

thalidomide and observed resolution of their symptoms, including skin lesions.18 After 

further studies, the drug was approved by the FDA in July 1998 with a restricted prescribing 

and dispensing program called the System for Thalidomide Education and Prescribing 

Safety (S.T. E.P.S). This program required patients to view an educational video. Female 

patients are instructed to use 2 methods of contraception and undergo regular pregnancy 

testing, while male patients are required to use condoms during sexual intercourse with 

female subjects of childbearing age. Since its approval in 1998, ongoing investigations are 

exploring the use of thalidomide as an anti-angiogenic, anti-inflammatory, and 

immunomodulatory agent.

DIETHYLSTILBESTROL

DES, a nonsteroidal, high potency estrogen compound, was first synthesized in 1938.22 DES 

exerts it effects by interacting with intracellular estrogen receptors. The drug was initially 

FDA-approved for the treatment of vaginitis, postmenopausal symptoms, and postpartum 

lactation suppression.23,24 In the early 1940s, literature published by Smith et al25,26 

suggested that estrogen deficiency was responsible for miscarriage and that DES 

administration during pregnancy decreased fetal mortality. This report prompted off-label 

prescribing of DES by physicians to pregnant women with high-risk features (eg, previous 

miscarriages, diabetes, a history of gynecologic surgical procedures) for the prevention of 

miscarriage. DES was eventually FDA-approved for this indication in 1947. The trials on 

which the approval was based have been widely criticized for poor design and inadequate 

controls. Between the early 1940s and late 1960s, an estimated 5 to 10 million individuals 

were exposed to the drug, including pregnant mothers and their offspring.27 The use of DES 

in pregnancy began to decline in the 1950s as clinical trial results disputed claims of its 

efficacy.28 However, it was still prescribed to pregnant female subjects until the publication 

of the hallmark case series by Herbst et al29 that described a cluster of unusual cases of clear 

cell vaginal adenocarcinoma (CCA) in young female subjects who were exposed to DES in 

utero. This series, as well as subsequent epidemiologic studies, demonstrated the DES–CCA 

correlation, which led to the FDA’s recommendation against its use in pregnancy in 1971.30 

DES is currently only used in veterinary medicine and research trials.31

Extensive epidemiologic studies have followed up with DES-exposed mothers and their 

offspring (the later often referred to as DES daughters and DES sons) to determine the long-

term effects. The female patients who took DES during pregnancy are at a moderately 
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increased risk for breast cancer.32 DES daughters are the most extensively studied group 

among those exposed, particularly with regard to CCA risk, with a current estimated risk of 

CCA of 1 in 1000.33 In addition, DES daughters have also been shown to be at increased 

risk for breast cancer, genital tract abnormalities, complications of pregnancy (eg, ectopic 

pregnancy, preterm delivery, neonatal death), and melanoma.34–36 DES sons have higher 

rates of genital tract abnormalities, such as hypospadias, epididymal cysts, and 

cryptorchidism, than nonexposed male subjects.37,38 Animal studies and early epidemiologic 

studies also questioned an increased risk of testicular cancer in DES sons, although there is 

currently no evidence to support this assertion. Current studies have shown no increased risk 

of cancer or genital tract abnormalities associated with third-generation DES descendants 

(those born to DES sons and daughters); however, female subjects in this group may have 

increased risk of menstrual irregularities.39,40

With millions of individuals affected years after the exposure has ended, the current chapter 

of the DES story focuses on caring for and compensating those affected. A major barrier to 

early litigation and attempts at compensation for the affected individuals was the difficulty 

proving the exact source of exposure (and thus the responsible party). Dodds et al41 first 

synthesized DES but never patented the drug due to regulations from their federal funding 

source. Consequently, numerous pharmaceutical companies simultaneously manufactured 

and marketed DES between the 1940s and the 1960s. This made it difficult or impossible for 

offspring to determine the source of their mothers’ DES exposure decades later. However, in 

the landmark 1980 case of Sindell v Abbott Laboratories, the Supreme Court of California 

determined that plaintiffs can hold multiple manufacturers of an identical drug responsible 

for the adverse outcome if the exact source cannot be identified, which is referred to as the 

market share liability doctrine.42 More recently, DES ligation has focused on breast cancer 

cases. In 2013, a total of 51 women brought suit against multiple pharmaceutical companies, 

including Eli Lily, for breast cancer as a result of in utero DES exposure; many of these 

cases have been settled.

Federal agencies such as the Centers for Disease Control and Prevention and the NIH 

continue to follow up DES-exposed female subjects and their descendants and to monitor 

their health outcomes. More research is needed to determine if DES exposure will continue 

to affect further generations of DES descendants.

FENFLURAMINE-PHENTERMINE

Fen-phen, the common name for the combination drug fenfluramine-phentermine, was a 

weight loss agent that was sold in the United States in the mid-1990s. Despite its popularity, 

the use of this medication was off-label because studies were never submitted to the FDA 

demonstrating the effectiveness or safety of the combination drug, and the FDA never 

approved the combination product or the long-term use of fenfluramine.43,44 Despite the 

lack of FDA approval, the drug became widely prescribed in the United States during the 

mid-1990s, with >18 million prescriptions for the combination medication by 1996.45 The 

prescribing of fen-phen was based on a single-center study of 121 patients in which patients 

received treatment with fen-phen or a placebo for up to 4 years.46 Despite less than one third 

of the patients completing the study, many of whom regained weight in later phases of the 
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trial, the results were published in 1992, and phen-fen was viewed as an effective weight loss 

agent in the popular press. This study set the precedent for the use of phen-fen in the long-

term treatment of obesity.

Phentermine was approved by the FDA in 1959, fenfluramine was approved in 1973, and 

dexfenfluramine (the d-isomer of fenfluramine) was approved in 1996.46 Fenfluramine was 

approved by the FDA after the Amphetamine Anorectic Drug Project. The project was a 

meta-analysis of >10,000 patients that studied weight loss data. It determined that 

amphetamines and amphetamine congeners, including fenfluramine, were efficacious, but 

recommendations were made to limit their use to the short term in an effort to limit the risk 

of addiction. The application to market dexfenfluramine was not reviewed by the FDA until 

September 1995. At the time, the FDA advisory committee recommended that at least 1500 

obese patients be studied for 1 year in a placebo-controlled study and that 200 to 500 of 

these patients be followed up for a second year. Dexfenfluramine was granted approval in 

1996 and was on the market for 16 months before being voluntarily withdrawn.

Fenfluramine is a fluorinated amphetamine derivative believed to lack the psychomotor 

stimulant effects and abuse potential traditionally recognized with amphetamines.44 

Fenfluramine’s activity is mediated through serotonergic pathways by promoting release of 

serotonin and inhibiting its reuptake.44,45 Phentermine is a noradrenergic drug that directly 

stimulates the sympathomimetic pathway and also interferes with the pulmonary clearance 

of serotonin.45,47

While the risks of developing pulmonary hypertension associated with the use of 

fenfluramine and phentermine were already known, the first reports of cardiac valvular 

disease associated with the medications were published in July 1997.45 The Mayo Clinic 

described 24 cases of an unusual cardiac valvular disease in patients taking fen-phen.43,45 

All 24 cases described in this initial case series were women.45 At the same time, an 

additional 28 cases in 18 states were also published in the New England Journal of 
Medicine.48 Of these patients, all had a cardiac valvular insufficiency involving a left-sided 

valve, and ≥2 valves were affected in 78% of patients. These findings led the FDA to issue a 

public health advisory requesting other cases to be reported, further epidemiologic studies to 

be initiated, and for prevalence studies of valvular disease in patients taking fen-phen, 

fenfluramine or dexfenfluramine to be performed.43,48 Although additional studies 

demonstrated minimal increased risk of developing valvular insufficiencies in patients who 

took fenfluramine or dexfenfluramine for <3 months, the risk increased greatly if the 

medications were taken for ≥4 months.49

In September 1997, the FDA asked manufacturers to voluntarily withdraw fenfluramine and 

dexfenfluramine from the market.44 By the summer of 1999, there were thousands of class 

action lawsuits against fen-phen manufacturers being reviewed in the courts. In October 

1999, approval was granted to the plaintiff attorneys for a single nationwide class action 

lawsuit.50 After the announcement of the nationwide class action lawsuit, a settlement was 

reached. The settlement plan divided patients into those who had received the drug for ≤60 

days and those who had received the drug for >60 days. It involved compensation for 

patients with a diagnosis of a valvular regurgitation by September 30, 1999, and a medical 
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monitoring program for patients without diagnosed valvular insufficiency. It also allowed 

individuals to opt out of the class action suit and pursue their own claims for damages.

ALOSETRON AND TEGASEROD

Alosetron* and tegaserod†,‡ are prescription medications marketed for relief of irritable 

bowel syndrome (IBS). Early clinical research suggested that these medications were 

predominately effective in women, with little benefit to men. Therefore, further clinical trials 

focused on women, and both medications were only approved by the FDA for use in women.
51,52 Sub sequently, both medications were removed from the market due to concerns for 

major health risks that were overlooked (in the case of alosetron) or unknown before FDA 

approval.

Alosetron was approved by the FDA in 2000 as a medication for the treatment in women 

with severe diarrhea-predominant type IBS. It is a 5-HT3 antagonist that slows the 

movement of fecal matter through the large intestine, increasing the extent to which water 

may be absorbed from the fecal content, thereby decreasing the moisture and volume of the 

remaining waste products.53 During clinical trials, constipation among the alosetron group 

was the most frequently reported reason for withdrawal from the study.51,54 Although initial 

trials also reported cases of ischemic colitis, drug makers claimed that there was no evidence 

to support an association of alosetron with ischemic colitis.55 Within 9 months of FDA 

approval, the drug was voluntarily withdrawn from the market by its manufacturers after 

multiple cases of morbidity and mortality were reported, including: 143 hospital admissions, 

113 reports of severe constipation, 84 instances of ischemic colitis, and 7 deaths.56 The FDA 

approved a supplemental New Drug Application for alosetron in 2002 that allows restricted 

marketing of the drug, only to treat women with severe diarrhea-predominant type IBS. The 

FDA received intense criticism for its handlings of alosetron. Editorials published in the 

Lancet and British Medical Journal suggested that the FDA failed its mission, that the 

approval process was an example of regulatory capture, approval should have been revoked 

earlier, and the reinstatement of alosetron was negotiated in confidential with representatives 

from GlaxoSmithKline.55,57

Tegaserod is manufactured by Novartis Pharmaceuticals Corporation and was approved in 

2002 by the FDA for the short-term treatment of women with IBS whose primary bowel 

symptom is constipation. Its mechanism of action is through activation of 5-HT4 receptors of 

the enteric nervous system in the gastrointestinal tract; it stimulates gastrointestinal motility, 

the peristaltic reflex, and is purported to reduce abdominal pain. Five years later, in 2007, 

tegaserod was removed from the market due to concerns regarding possible adverse 

cardiovascular effects. The manufacturer denies an association, although the Phase III 

clinical trials were not powered to detect the adverse events that were later recognized by 

using a pooled data analysis. Tegaserod exhibited a higher risk of serious cardiovascular 

adverse events compared with placebo. In tegaserod-treated patients, 13 experienced 

cardiovascular ischemic events (0.11%), including 6 cases of severe cardiac ischemia, 4 

*Trademark: Lotronex® (Abbott Laboratories Corporation, Abbott Park, Illinois).
†Trademark: Zelnorm® (Novartis Pharmaceuticals Corporation, East Hanover, New Jersey).
‡Trademark: Zelmac® (Novartis Pharmaceuticals Corporation).
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myocardial infarctions, 3 strokes, and 1 death (secondary to myocardial infarction).58 These 

outcomes are compared with 1 patient who received placebo who had symptoms of stroke 

(0.01%). Tegaserod was reintroduced on an emergency basis in 2007.

ONDANSETRON

The popular anti-nausea mediation ondansetron,§ manufactured by GlaxoSmithKline, was 

approved for use by the FDA in 1991 to treat nausea and vomiting after chemotherapy, 

radiation therapy, and surgery. Ondansetron is prescribed off-label to treat nausea and 

vomiting in pregnancy and is used by ~1 million female patients each year throughout the 

world.59 Ondansetron started being used in pregnant female subjects despite lack of FDA 

approval in pregnancy and before any studies examining its safety were conducted among 

this population. Moreover, there are allegations that early animal studies showed evidence of 

congenital heart defects in fetuses, with human studies showing the medication’s ability to 

cross the placenta.

An early study by investigators from Motherisk Program at The Hospital for Sick Children 

in Toronto 2004 showed no increased risk for fetal malformations; however, this study was 

an underpowered sample unable to detect small differences.60 In 2011, Anderka et al61 

published data showing a 2-fold increased risk in cleft palate for offspring of mothers using 

ondansetron. Danielsson et al62 found a statistically significant increase in fetal risk for a 

cardiovascular defect (primarily a septal defect). Although multiple studies show a small, but 

significant, risk for ondansetron causing fetal teratogenesis after administration to pregnant 

female subjects, other studies refute this finding.62

The drug manufacturer GlaxoSmithKline agreed to plead guilty in 2012 to federal charges of 

fraud and illegal promotion, with financial inducements to physicians for off-label 

unapproved use of several drugs, including ondansetron. It paid $3 billion as part of this 

legal settlement.59 Further litigation by families affected by birth defects are currently 

proceeding due to concerns that drug makers marketed the mediation to pregnant female 

subjects without FDA approval in this population, and claimed its safety in the absence of 

safety data, and with the knowledge that the medication could be harmful and cross the 

human placenta.

ESSURE

Effective, permanent female sterilization has traditionally relied on laparoscopic 

interventions such as tubal ligation. Improving technology and the desire to perform 

sterilization in the most minimally invasive manner has led to multiple attempts of an 

endocervical approach to sterilization.63 Hysteroscopic electrocautery, mechanical 

obstruction of the fallopian tubes, and drug-based sclerosis of the uterotubal junction have 

all been attempted, with varying degrees of success.64–66 In response to advances in 

sterilization techniques, development of a non-invasive method of sterilization, the Essure® 

device (marketed by Conceptus Incorporated), was approved by the FDA in 2002.67 Essure 

§Trademark: Zofran® (GlaxoSmithKline, Research Triangle Park, North Carolina).
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is a stainless steel, nickel titanium elastic 4 cm × 2 cm flexible coil with polyethylene fibers 

that is hysteroscopically inserted into the fallopian tubes bilaterally. The nickel titanium and 

polyethylene fibers induce a local fibrosis with proliferation of benign epithelium over ~3 

months that ultimately completely occludes the fallopian tube, resulting in sterilization. 

Advantages of the Essure device include the ability to place coils in the outpatient setting 

with oral analgesics and minimal local anesthesia. Female subjects who receive Essure are 

encouraged to use an alternative form of birth control for 3 months to allow time for tissue 

overgrowth, at which time hysterosalpingography or ultrasound is performed to confirm 

tubal occlusion and sterilization.68

Two industry-sponsored nonrandomized, non-blinded prospective trials enrolling a total of 

926 female subjects piloted the Essure device before FDA approval.69,70 These early studies 

in 2002 suggested that Essure placement was simple and effective in 90% of female 

subjects.71 In those who did not experience subsequent sterilization, it was determined that 

the likely etiology was failure of one of the devices; a second procedure to achieve bilateral 

placement improved success rates to 97%.70 Although Essure is marketed as a lifelong, 

permanent sterilization technique, early studies focused on short-term (1-year) outcomes. 

Reliability was determined based solely on a subgroup of female subjects who successfully 

had bilateral Essure devices implanted and completed a 3-month follow-up to confirm 

fibrosis at the uterotubal junction.69 Perhaps more concerning, long-term follow-up in the 

initial Essure trials was poor: only 85% of individuals were evaluated at the 1-year follow-

up, and just 25% of individuals completed the 2-year follow-up. Despite significant 

limitations in these trials, the FDA fast-tracked the Essure device for approval on the 

condition that the company extend monitoring to 5 years in the original cohort of female 

subjects who received the device.67 Data from the 5-year follow-up studies have been 

limited; neither study was registered under Clinicaltrials.gov, 1 postapproval study remains 

unpublished, and a second study was published nearly 7 years after study completion and 13 

years after device approval.69,72

Adverse events related to Essure include unintended pregnancy, allergic reactions to the 

nickel titanium elastic, persistent pain, and migration of Essure devices.73,74 A true 

understanding of the magnitude of complications associated with Essure is difficult because 

most adverse events remain unreported. Published case reports detail bowel injury, device 

migration, nickel allergy, and unintended pregnancy after successful Essure placement.74–76 

Unintended intra-uterine pregnancy remains a significant concern after Essure placement. 

One postmarketing subgroup analysis on female subjects who reported unintended 

pregnancy to Conceptus Incorporated after Essure placement revealed poor adherence with 

3-month follow-up and misinterpretation of hysterosalpingogram by physicians as leading 

etiologies of unintended pregnancy.77 A query of the FDA’s Manufacturer and User Facility 

Device Experience (MAUDE) Database from 2002 to 2012 reported 61 unintended 

pregnancies after Essure placement, of which 47.5% were ectopic gestations.67 In addition, 

nearly 5000 adverse events related to Essure have been submitted through the MAUDE 

Database maintained by the FDA since the device’s approval.69,78 Given these concerns, the 

FDA convened a meeting of the Obstetrics and Gynecology Devices panel in 2015 to review 

safety data on the Essure device, which lead to revised guidelines for providers and patients 

seeking Essure placement.79 Given the increasing number of adverse events reported to 
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MAUDE, the panel ordered the Essure parent company (Bayer, Whippany, New Jersey) to 

conduct extended postmarketing surveillance studies regarding the benefits and risks of 

Essure placement. In addition, the FDA provided a draft patient checklist to improve 

understanding of the risks and benefits of Essure placement.

TRANSVAGINAL MESH

Pelvic organ prolapse (POP) and urinary incontinence remain major causes of morbidity 

among females worldwide.80 In female subjects, one of the most common etiologies of POP 

or urinary incontinence remains injury to the pelvic floor muscles during childbirth. Up to 

30% to 50% of female subjects will develop POP in their lifetime, with ~2% developing 

symptoms necessitating pharmacologic treatment, device inserts (pessary), pelvic muscle 

exercises, or surgical repair. When pharmacologic treatments and mechanical solutions to 

POP and urinary incontinence fail, surgical approaches to reinforce pelvic floor muscles and 

prevent recurrent prolapse or incontinence are available.81,82 Since the 1950s, surgeons have 

experimented with a variety of synthetic and natural grafts to reinforce the pelvic floor to 

prevent POP and incontinence. Adaptation of tantalum mesh used for hernia repair for POP 

was first described in 1955, although persistent defects in the vaginal wall after surgery were 

common.83 Existing mesh used for abdominal hernia repair were custom-cut by surgeons to 

approximate and help reconstruct pelvic floor muscles. High-density, non-absorbable 

polypropylene or polyethylene mesh gained popularity in the early 1990s.84 Long-term 

follow-up of individuals with POP repaired by using high-density, nonabsorable 

polypropylene or poly-ethylene showed that despite improved sexual function and resolution 

of prolapse, there remained poor satisfaction (only 42% of individuals reported satisfaction 

with mesh at 23 months’ postprocedure).82,85

The first preconfigured surgical mesh devices specifically designed to treat urinary 

incontinence in female subjects was cleared by the FDA through the 510(k) pathway, a 

mechanism for the FDA to determine safety of medical devices intended to enter the 

consumer market, in 1996. Since this initial approval in 1996, multiple urogynecologic mesh 

devices have cleared the 510(k) pathway, with up to 168 different devices currently available 

in the US market. Mesh devices come in 4 different categories: nonabsorbable synthetic, 

absorbable synthetic, biologic, and a composite device incorporating features from other 

categories.81,82 These devices are created to match common defects in the pelvic floor that 

cause POP or incontinence. With increased utilization of mesh products, an increasing 

number of reports of adverse events have been reported to the FDA, prompting a warning 

issued in 2008 detailing a rare but present risk of mesh erosion, recurrent prolapse, wound 

infection, and debilitating dyspareunia. Despite the FDA notification, studies show that mesh 

procedures continued to remain popular in the surgical treatment of POP and urinary 

incontinence despite a complication rate of nearly 30%.86

In the interim from 2008 to 2011, the FDA completed a second audit of the MAUDE 

database and discovered an additional 2874 cases of adverse events related to mesh slings. 

Of these adverse events, erosion of the mesh remained the most commonly reported event, 

followed by persistent pain and surgical site infection. The most frequent intervention 

required for reported adverse events was operative intervention with mesh revision or 

Carey et al. Page 11

Clin Ther. Author manuscript; available in PMC 2018 January 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



removal. After review, the FDA issued an update on transvaginal mesh devices upgrading 

their previous notice in 2008 from “rare adverse events experienced after mesh placement” 

to “complications after mesh placement are not rare.”

CONCLUSIONS

Gender differences in research policies have historically put women and their offspring at 

risk for severe associated morbidity and mortality. Significant changes to regulatory 

measures have been enacted to ensure that novel xenobiotics are carefully evaluated and that 

sex differences in drug effect and metabolism are considered. Despite research and 

legislative advances, significant adverse drug events continue to be reported in association 

with novel medications and devices. Recognizing the persistent gender bias in clinical trials 

and drug discovery trials, the NIH and FDA continue to develop methods to reach and 

encourage women to participate in studies. Notably, the NIH asks companies requesting new 

drug applications to present safety effectiveness data according to sex and gender. 

Continuing education that describes novel methods to ensure gender equality in clinical 

trials and the creation of a sex and gender analysis work group demonstrate the continued 

need for inclusion of women in clinical trials and analysis of sex differences in drug 

metabolism.

It is increasingly recognized that adverse drug events occur at varying rates among men and 

women. Novel drug development, clinical trials, and advanced device development should 

seek to enroll and study both men and women equitably and separately. Historical 

precedence has described a generation of morbidity and mortality associated with 

unrecognized sex- and gender-specific adverse events that continue to affect individuals 

today. Although significant advances have been made to recognize and prevent additional 

gender bias in future drug and device trials, continued scrutiny and vigilance should be 

practiced among manufacturers and researchers as novel sex-and gender-specific adverse 

events continue to occur.
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Figure. 
Historical timeline of important sex- and gender-related clinical research policy. FDA = US 

Food and Drug Administration; NIH = National Institutes of Health.
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Table

Selected approved drugs and devices that demonstrated health risks to women.

Drug/Device Years on Market Intended Use Health Risk

Thalidomide Did not gain FDA approval in United 
States

Treatment of morning sickness 
associated with pregnancy

Fetal phocomelia (absent or shortened 
limbs)

Diethylstilbestrol 1940–1971 Prevent miscarriage, premature 
labor, and other pregnancy 
complications

Increased risk of breast cancer in female 
subjects using medication and increased 
clear cell adenocarcinoma, birth defects, 
and other developmental abnormalities in 
offspring

Fenfluramine 1973–1997 Appetite suppressant Valvular heart disease

Alosetron February 2000–November 2000 Treatment of irritable bowel 
syndrome

Ischemic colitis, severe constipation, 
mesenteric ischemia, death

Tegaserod 2002–2007 Irritable bowel syndrome with 
constipation

Increased risk for heart attack, stroke, and 
unstable angina

Ondansetron Approval in 1991, presently available Nausea and vomiting in 
pregnancy

Fetal birth defects

Essure® Approval in 2002, presently available Permanently implanted birth 
control device for women 
(female sterilization)

Persistent pain, perforation of the uterus 
and/or fallopian tubes, device migration, 
abnormal or irregular bleeding, and allergy 
or hypersensitivity reactions

Transvaginal mesh Approval in 1996, presently available Pelvic organ prolapse and 
urinary incontinence

Persistent pain, perforation of the uterus 
and/or fallopian tubes, intra-abdominal or 
pelvic device migration, abnormal or 
irregular bleeding, and allergy or 
hypersensitivity reactions
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