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   P re face   

 Recent decades have witnessed great progress in the treatment of cardiovascular 
disease (CVD). Due to improved therapies, preventive strategies and increased 
 public awareness, CVD mortality has been on the decline over this span of time for 
both genders. Unfortunately, the decline has been less prominent for women. Once 
viewed as a man’s disease, CVD remains the leading cause of mortality for women 
in the United States and is responsible for a third of all deaths of women worldwide 
and half of all deaths of women over 50 years of age in developing countries. In the 
United States, CVD far outdistances all other causes of death, including all forms of 
cancer combined. Since 1984, the total number of women who die of CVD every 
year is higher than the number of men. The statistics are sobering with about one 
female death in the United States every minute from CVD. That represents over 
420,000 deaths per year according to the more recent statistics. Of these, more than 
one quarter of a million women will die this year from coronary heart disease (CHD) 
and about 64 % of women who die suddenly of CHD will have no prior symptoms. 
Despite a signifi cant number of females with known CVD and increased awareness 
among women of heart disease as their major health threat, a substantial proportion 
of women (46 % as per most recent American Heart Association survey) remain 
unaware of their cardiovascular risk and continue to fail to recognize its signifi -
cance. Among women in higher-risk groups, racial and ethnic minorities, this lack 
of awareness is more profound (over 60 % unaware) and has changed little in 
decades. 

 Poorly understood gender differences in pathobiologic mechanisms, clinical pre-
sentation, management and application of therapeutic and preventive strategies 
have contributed to this gap. A critically important factor has been the underrepre-
sentation of women in CVD research to date. In fact, only one-third of CVD clinical 
trials report sex-specifi c results despite The Food and Drug Administration regula-
tions requiring sex stratifi cation data, as well as the National Institute of Health 
recommendations of increased inclusion of women in clinical trials. 

 This makes it diffi cult for researchers and clinicians to draw accurate conclu-
sions about gender differences in mechanisms of disease, risks or benefi ts of a par-
ticular drug or device for the treatment of women with CVD. Furthermore, 
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physicians and other healthcare providers continue to underestimate women’s car-
diovascular risk, in part because of utilization of suboptimal traditional risk assess-
ment algorithms with consequent underutilization of preventive therapies for 
women. 

 Then what is so different about heart disease in women? Women  are  different 
physiologically and psychologically, and as a result their manifestations of cardio-
vascular problems may vary from men. 

 The development of CHD in women typically may lag 10–15 years behind that 
of men, but after menopause the atherosclerotic process appears to  accelerate. In 
general, women with CHD tend to be older and sicker at presentation  compared to 
men. Women often present with heart failure, are less likely to be diagnosed and 
treated effi ciently and aggressively, and as a result of these  challenges,  generally 
have a worse medical prognosis than men following myocardial  infarction 
or  revascularization. Similarly, young women (<50 years of age) with CHD 
in  particular are 1.5–2 times more likely to die within a year compared to their 
male counterparts following a myocardial infarction and coronary artery bypass 
surgery,  respectively. The  reason for this is still unknown. Although heart disease 
 predominates at older ages, in the United States more than 18,500 women younger 
than age 65 die annually of CHD, 35 % of these women are younger than age 55 and 
a concerning increasing  mortality trend seems to be evolving in women with CHD 
between the ages of 35 and 54. A rise rather than a decline in events, relative to men 
of this same age group, has been noted since 1997. Irrespective of age, women with 
CHD have more unfavorable early outcomes than men. 

 Several biological variables and pathophysiological mechanisms differ in women 
and remain poorly understood. Obvious differences such as vessel size and increased 
number of co-morbidities in the older female do not entirely explain the gender dif-
ferences we see in terms of early adverse outcomes, frequency and type of angina, 
and heart failure presentation. In fact, paradoxical fi ndings appear to juxtapose 
making the evaluation of ischemia and heart failure more challenging. The lower 
prevalence of obstructive coronary artery disease in women with angina relative to 
men as seen in coronary angiography, and the better left ventricular (LV) systolic 
function, as measured by LV ejection fraction in women relative to men as seen on 
echocardiography, are two of the most salient examples of gender differences in 
cardiovascular disease today. Despite the fact that women have less severe obstruc-
tive disease at angiography than men, they have a similar or higher burden of angina 
and consequent higher morbidity and mortality as previously noted. Nonetheless, it 
is the obstructive coronary atherosclerosis model, the “male model” of CHD that 
constitutes the basis for diagnostic and therapeutic strategies for both sexes. While 
this model is still valid for the majority of women affl icted with CAD, it is those that 
do not fi t in this “obstructive CAD” model, the majority of whom are women, who 
remain a diagnostic and therapeutic challenge. 

 Congestive heart failure (CHF), often the end result of advanced ischemic heart 
disease but also the common resting ground of advanced hypertensive, diabetic and 
valvular heart disease, affects a signifi cant number of women. Currently more than 
2.6 million women are affl icted with CHF. For decades, only a small number of 
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women have been included in major clinical research studies of CHF. This absence 
has contributed to an incomplete understanding of this condition in women. The 
exclusion of older participants and those with clinical HF and “preserved” LV ejec-
tion fraction (HF p EF), in most of the heart failure literature to date, has also magni-
fi ed this problem as women make up the overwhelming majority of these two 
groups. The preponderance of diastolic dysfunction in older women with heart fail-
ure is poorly understood and has been poorly studied to date. 

 Other cardiomyopathies unique to women such as peripartum cardiomyopathy, 
chemotherapy induced cardiomyopathy, and stress induced or Takatsubo cardiomy-
opathy remain poorly understood and grossly ignored in clinical and translational 
research. No guidelines yet exist as of how to treat and prevent these conditions. 

 Diabetic women deserve special consideration given the alarming CV morbidity 
and mortality that affects this population. Undoubtedly, the obesity epidemic plays 
a signifi cant role in the increased prevalence of diabetes and metabolic syndrome, 
especially in women of minority ethnic groups. The metabolic syndrome, especially 
in postmenopausal women, should also receive special attention with emphasis on 
early recognition (high triglycerides, low HDL, insulin resistance, abdominal obe-
sity, and hypertension) and intervention due its strong association with diabetes and 
increased risk for CVD events. These recognizable and treatable risk factors, for 
reasons still not completely understood, appear to affect women more in terms of 
CV sequelae. 

 Additionally, important differences within women groups need to be recognized 
as women from minority ethnic groups have poorer CV outcomes than Caucasian 
women. 

 Among black women, CHD death rates are about 15 % greater and stroke rates 
30 % greater than for white women. Statistics are not more favorable for Hispanic 
women whose rates lie somewhere in between black and white women when all 
Hispanics i.e. Caribbean, South American and Mexican Americans are included – 
data is limited in this more heterogeneous group as it is for Pacifi c Islanders and 
other emerging minorities in the United States. 

 Similarly, psychosocial factors, such as anxiety, depression, inadequate social 
and economic resources, care giver stress, marital stress, and adversities early in life 
are highly prevalent in women and have been linked to adverse cardiovascular 
 outcomes in both genders but appear to affect women more. As a woman’s role 
continues to evolve and our societies become more complex and faster-paced, 
women are more frequently juggling multiple roles, trying to balance the various 
demands of motherhood, professional careers, work and often as primary care 
 givers for extended family members and aging parents. Combining all of these 
 different responsibilities can be quite overwhelming to many. 

 Women, when affected by depression, have a harder time coping and are more 
likely to adopt unhealthy habits (poor diet, lack of exercise, no stress management 
techniques). Not surprisingly, women are diagnosed with depression twice as often 
compared with men and stress, depression and anxiety disorders are associated with 
higher cardiovascular risk among women compared with men. Proper discussion of 
these issues should take place during the evaluation of any women with symptoms 
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of CVD, as stress may be contributing to some of the symptoms women present 
with, like palpitations or atypical chest pain. 

 In addition to traditional risk factors, women have some unique cardiac risk fac-
tors, including increased prevalence of autoimmune and infl ammatory conditions, 
which predispose to accelerated atherosclerosis in these patients. Disorders such as 
gestational diabetes, hypertension, preeclampsia, or eclampsia may occur during 
pregnancy and signifi cantly increase the risk of CV events later in life. Preeclampsia, 
for example, can double the risk for subsequent CVD, and gestational diabetes sig-
nifi cantly increases the risk of future diabetes, and therefore CVD. Research into 
these complications of pregnancy is needed to improve pregnancy outcomes and 
guide efforts to improve risk factors and lower cardiovascular risk after pregnancy. 

 Despite the fact that women do not commonly experience heart disease in repro-
ductive years, strategies for slowing the progression of CVD should begin during 
these years or earlier. This emphasizes the importance of a multidisciplinary 
approach where a variety of health care providers can intervene early to improve 
outcomes. Recognizing multiple risk factors can identify women at highest risk, 
even during the years that they are presumably protected by estrogen. Diet, exer-
cise, weight control, smoking cessation and adequate blood pressure control can 
reduce risk as women age. Detailed, focused, individualized and advanced CV risk 
profi le assessment may be necessary in certain cases where premature CVD is a 
dominant feature of fi rst-degree relatives of women at young age. 

 Currently, several pathobiological mechanisms that appear different in the 
female heart, ranging from plaque adaptation, plaque vulnerability to ulceration and 
remodeling, thrombogenicity, atherogenicity of different lipoproteins, left ventricu-
lar remodeling to ischemic injury, emotional stress, arrythmogenicity, loading con-
ditions and valvular dysfunction, to the role of infl ammation, role of fl uctuating 
hormones and their effect on the myocardium, endothelium, microvasculature, and 
autonomic regulation in the different stages of a woman’s life, are under investiga-
tion. Gender-specifi c basic, translational and clinical research in these areas is para-
mount to a better understanding of cardiovascular gender differences 

 The purpose of this book is to provide a comprehensive overview of current 
knowledge of differences in cardiac problems in women including challenges and 
limitations of the available literature. Important and unique aspects to women’s 
heart health such as pregnancy, the impact of emotional stress and other psychoso-
cial issues that are specifi c to women are also tackled, thus providing a concise 
guide for cardiovascular care in women. This book is divided in four parts: Part I 
reviews epidemiology, classifi cation, and discusses the most recent American 
College of Cardiology and American Heart Association (ACC/AHA) Effectiveness- 
based guidelines for the prevention of cardiovascular disease in women. Part II 
provides an extensive review and a guide to health care providers of diagnosis, 
evaluation and treatment of ischemic heart disease, congestive heart failure, valvu-
lar heart disease, arrhythmias, congenital heart disease, peripheral vascular disease, 
hypertension, metabolic syndrome and diabetes mellitus in women. Part III focuses 
on pregnancy and cardiovascular issues in women. Part IV, the fi nal section, dis-
cusses special considerations in women including anticoagulation issues, hormone 
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replacement therapy in postmenopausal women, integrative approaches to cardiac 
care, psychological and socioeconomic risk factors for CVD, and pharmacologic 
considerations specifi c to women. 

 We feel that it is imperative these topics be addressed not only by cardiologists, 
but by primary care providers, internists, and reproductive healthcare professionals 
who undoubtedly treat many different women in their practices. We believe that this 
manual will be useful to a wide range of practitioners who wish to learn more about 
the cardiovascular problems women face. 

 We would like to thank our contributors for an extensive review of the literature, 
their knowledge and expertise in preparing this book. 

 Jacksonville, FL, USA   Gladys Palacio-Velarde 
 Rochester, NY, USA   Hanna Z. Mieszczanska  
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           Introduction 

 Cardiovascular disease (CVD) is the leading cause of death in both men and women 
in the United States and most other developed countries. While the magnitude of 
disease risk varies among individuals based on demographic as well as biopsycho-
social factors, the entire U.S. population is vulnerable to CVD. Cardiovascular dis-
ease is associated with signifi cant health and economic burden with estimated direct 
and indirect cost of $312.6 billion [ 1 ]. There are more women than men who die 
each year of CVD. In 2009, CVD claimed the lives of 401,495 (51.0 %) women and 
386,436 (49.0 %) men [ 1 ]. Despite increases in awareness over the past decade, 
only 54 % of women recognize that heart disease is their number 1 killer [ 2 ]. The 
lifetime risk of a woman developing CVD by age 50 is estimated to be 39 % [ 3 ]. 
Although the number of men and women who die from CVD has decreased over the 
past several decades, this decline is less remarkable for women as shown in Fig.  1.1 . 
Advances in medical treatment, application of evidence-based therapies for estab-
lished CVD and the modifi cation of coronary risk factors are major contributors to 
this decline in mortality. Nonetheless, since 1984, more women die from CVD 
annually than men; coronary deaths in women exceed deaths in women from all 
forms of cancer combined [ 4 ].

   While the mortality disparity between women and men is decreasing, signifi cant 
differences still exist among certain ethnic and racial groups [ 5 ]. Cardiovascular 
disease is a signifi cant problem among minority women. It ranks as the number one 

    Chapter 1   
 Cardiovascular Disease in Women: 
Epidemiology of Cardiovascular Disease 
in Women- Sex Differences in Disease 
Incidence and Prevalence. Population 
Representation, Diversity, Disparities 

                Saadia     Sherazi      and     Susan     G.     Fisher     

        S.   Sherazi ,  MD, MS    
  Heart Research Follow up Program ,  University of Rochester Medical Center , 
  Rochester ,  NY ,  USA     

    S.  G.   Fisher ,  MS, PhD      (*) 
  Department of Clinical Sciences ,  Temple University School of Medicine , 
  Philadelphia ,  PA ,  USA   
 e-mail: susan.fi sher@tuhs.temple.edu  
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cause of death for both African American and white women in the United States. 
Among Hispanic women, heart disease and cancer cause roughly the same number 
of deaths each year. For American Indian or Alaska Native and Asian or Pacifi c 
Islander women, heart disease is second only to cancer [ 6 ]. In 2009, six million, (one 
of every six) hospital stays were attributable to CVD (Agency for Healthcare 
Research and Quality, Nationwide Inpatient Sample) accounting for $71.2 billion in 
total inpatient hospital cost [ 1 ] (In 2003, 48.3 % of inpatient hospital stays for CVD 
was for women.). Although only 40 % of hospital stays for acute myocardial infarc-
tion (MI) and coronary artery disease (CAD) were for women, more than half of all 
stays for nonspecifi c chest pain, congestive heart failure, and stroke were for women. 
There was no difference between men and women in hospitalizations for cardiac 
dysrhythmias [ 7 ]. CVD is a major health problem in women that necessitates a 
strong emphasis on prevention to reduce the burden of CVD morbidity and mortality 
in our society. This chapter will discuss the epidemiology of CVD (incidence, preva-
lence and risk factors) in women, including coronary heart disease, congestive heart 
failure and stroke. We hope to highlight signifi cant gender differences and provide 
greater appreciation of the infl uence of gender on cardiovascular risk and 
management.  
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  Fig. 1.1    Cardiovascular disease mortality trends for males and females (United States: 1979–
2009). CVD excludes congenital cardiovascular defects ( International Classifi cation of Diseases, 
10th Revision  codes I00–I99). The overall comparability for cardiovascular disease between the 
 International Classifi cation of Diseases, 9th Revision  (1979–1998) and  International Classifi cation 
of Diseases, 10th Revision  (1999–2009) is 0.9962. No comparability ratios were applied ( Source : 
National Center for Health Statistics [ 1 ])       
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    Epidemiology of Cardiovascular Diseases 

 In the past, most epidemiological studies and major clinical trials which described 
the risk factors and natural disease history of CVD were conducted in racially 
homogenous cohorts (predominantly white). The generalizability of these fi ndings 
to a more racially diverse population has been questioned. Current data support that 
the distribution of CVD risks and manifestations vary among ethnic/racial sub-
groups. CVD mortality and morbidity burden is tremendous, making it imperative 
to recognize these varied risks and disease presentations among diverse popula-
tions. It is most relevant in the U.S with rapidly changing demographics. Currently 
blacks make up 14 % of the total population and Hispanics account for 16 % of the 
total population. The number of Asians now residing in the U.S. is also increasing. 
Statistics from 2010 indicate that there are 42,900,000 (34.0 %) women and 
40,700,000 (36.7 %) men who currently suffer from CVD in the U.S. [ 1 ]. As shown 
in Table  1.1  the prevalence of CVD varies by race/ethnic background. For both 
males and females the CVD prevalence rates are higher among Blacks than Whites. 
The risk of CVD increases among both males and females with age. Although there 
is a smaller proportion of females with CVD compared with males in those less than 
60 years old and a similar proportion in those between 60 and 79 years, among the 
elderly (80 years and older) women have a higher prevalence of CVD as compared 
to men [ 1 ].

      Coronary Artery Disease 

 Coronary artery disease (CAD) is one of the most common types of heart disease, 
killing more than 385,000 people annually including 176,255 (45.6 %) women. 
Overall CAD is less prevalent among women as compared with men 6,600,000 
(5.1 %) and 8,800,000 (7.9 %) respectively. About 5.8 % of all white women, 7.6 % 
of black women, and 5.6 % of Mexican American women have CAD [ 8 ]. Most 
importantly almost two-thirds (64 %) of women who die suddenly of coronary heart 
disease have no previous symptoms [ 8 ]. Relatively younger women (women 
<50 years of age) are at highest risk for adverse outcomes related to myocardial 
infarction; with twofold higher risk of mortality when compared with men 

   Table 1.1    Prevalence of cardiovascular disease by race/ethnic background in men and women   

 Ethnic/racial background 
 Prevalence in 2010 in 
≥20 years age (men) (%) 

 Prevalence in 2010 in ≥20 years 
age (women) (%) 

 NH White  36.6  32.4 
 NH Black  44.4  48.9 
 Mexican American  33.4  30.7 

   Abbreviations: NH  Non-hispanic  

1 Cardiovascular Disease in Women: Epidemiology of Cardiovascular Disease



6

(<50 years old) [ 9 ]. Women are reported to have higher frequency of angina, more 
offi ce visits, more hospitalizations, increased myocardial infarction mortality, and 
increased heart failure compared to men [ 10 ].  

    Congestive Heart Failure 

 Over fi ve million Americans are currently affected by congestive heart failure 
(CHF). While approximately 50 % of these are women, the prevalence rate is higher 
among men as compared with women 2,700,000 (2.5 %) and 2,400,000 (1.8 %) 
respectively [ 1 ]. CHF is associated with signifi cant mortality and morbidity. Each 
year over 50,0000 individuals are newly diagnosed with CHF. Only slightly fewer 
are women (n = 320,000) than men (n = 350 000) [ 1 ]. Despite advances in medical 
treatments and improved prognosis CHF is associated with signifi cant mortality, 
specifi cally 32,847 (58.2 %) women and 23,563 (41.8 %) men died due to CHF in 
2009 (for all age groups). CHF is also a leading cause of hospital admissions, 
accounting for 522,000 hospital discharges in women and 501,000 in men. Though 
systolic heart failure is more prevalent in men, diastolic heart failure is much more 
prevalent in women and has higher mortality and morbidity in women [ 1 ].  

    Stroke 

 Stroke is a devastating, disabling illness with a huge impact on mortality, morbidity 
and quality of life. Stroke is associated with signifi cantly higher mortality among 
women (n = 76,769; 59.6 %) when compared with men (n = 52,073; 40.4 %) [ 1 ]. 
This could be due to decreased diagnosis, and/or under-treatment of hypertension, 
hyperlipidemia, and atrial fi brillation. Over six million American 20 years of age or 
older currently suffer from stroke with a higher prevalence among women as com-
pared with men. Data from 2010 indicate that among adults the prevalence of stroke 
for both sexes is 6,800,000 (2.8 % of US population), with higher prevalence among 
women 3,800,000 (3.0 %) when compared with men 3,000,000 (2.6 %) [ 1 ]. There 
is also a racial/ethnic variation in the prevalence of stroke within women with the 
highest prevalence among NH-AA (4.7 %), followed by NH-White females (2.9 %) 
and Mexican American females (1.4 %) [ 1 ].   

    Behavioral and Health Related Risk Factors 

 Men and women share similar CVD risk factors such as age, dyslipidemia, hyperten-
sion, smoking, obesity, diabetes and physical inactivity. Furthermore, women have 
additional risk factors, such as the use of contraceptives and the reduction of ovarian 

S. Sherazi and S.G. Fisher



7

function with age. Although the classic risk factors for CVD are similar among 
women and men, differences exist in the importance and relative weighting of these 
risk factors. The Atherosclerosis Risk in Communities (ARIC) study examined more 
than 14,000 subjects, and demonstrated that >90 % of CVD events in blacks appeared 
to be explained by increased or borderline CVD risk factors as compared with 70 % 
of such events in white subjects. These fi ndings suggest that higher CVD events in 
blacks result from increased risk factors thereby underscoring the importance of early 
detection and prevention of CVD risk factors [ 11 ]. A history of premature CVD in a 
family member has also been shown to increase the risk of CVD in both men [ 12 ] and 
women [ 13 ]. There has been an overall decline in death associated with CVD in 
women (23 % decrease since 2000) which is largely attributable to life style modifi -
cation such as tobacco cessation, increased physical activity or use of medications to 
treat hypertension/high cholesterol [ 14 ]. Following is a brief discussion of key CVD 
risk factors with a specifi c focus on differences by gender, race and ethnicity:  

    Smoking 

 Smoking is a well established risk factor for developing sudden cardiac death, 
angina, myocardial infarction, peripheral vascular disease and stroke [ 15 ]. 

 There are 81.7 % women who are current non-smokers as compared with 75.7 % 
of men who are reported to be non-smokers [ 1 ]. At younger ages (<50 years) smok-
ing has more harmful effects in women than in men, with a larger negative impact 
of the total number of cigarettes smoked per day [ 16 ,  17 ]. A meta-analysis compar-
ing pooled data of approximately 2.4 million smokers and nonsmokers found the 
relative risk ratio of smokers to nonsmokers for developing coronary heart disease 
was 25 % higher in women than in men [ 18 ]. 

 The prevalence of smoking varies among women from different racial ethnic 
groups. In 2008–2010, Asian women (5.5 %) and Hispanic women (9.6 %) were 
less likely to be current cigarette smokers than non-Hispanic black women (17.6 %), 
non-Hispanic white women (20.9 %), and American Indian or Alaska Native women 
(20.7 %) [ 1 ]. 

 The tobacco use has decreased in adults since year 2000, from 23.1 to 19.7 %, an 
overall decrease of 3.4 percentage points (3.2 percentage points among men and 3.6 
percentage points among women) [ 14 ]. Smoking cessation has signifi cant impact 
on the overall decline in the CVD mortality since 1950’s and quitting smoking is 
associated with reduced risk of total mortality (pooled crude RR 0.64) [ 19 ]. 

    Hypertension 

 There is higher number of men than women with high blood pressure until age 
45–54 years. The numbers are similar for men and women with hypertension from 
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ages 55–64, however, among those 65 years of age and older, women are much more 
likely than men to have hypertension [ 1 ]. The prevalence of HTN is highest among 
women from non-Hispanic blacks background (47 %) followed by non- Hispanic 
Whites (30.7 %) and Mexican Americans 28.8 %. The proportions for men are as 
follows: non-Hispanic whites, 33.4 % of men, non-Hispanic blacks, 42.6, Mexican 
Americans, 30.1 % [ 1 ]. Hypertension is one of the modifi able CVD risk factors that 
contribute towards most CVD deaths in women. There has been a signifi cant decline 
in stroke related deaths in women since 1996 and improvement in the treatment for 
hypertension has been a major positive impact on stroke related mortality [ 20 ].  

    High Cholesterol 

 According to Adult Treatment Panel III, LDL <100 is considered optimal, while 
100–129 near optimal, 130–159 borderline high, 160–189 high, and >190 very 
high. Total cholesterol of <200 is desirable, 200–239 borderline high, and >240 
high. An HDL cholesterol <40 is considered low. Women tend to have lower total 
and LDL cholesterol as compared with men during their pre-menopause years. 
However, during menopause lipid profi le changes lead to an increase in total cho-
lesterol and LDL by 10 and 14 % respectively. The apolipoprotein (a) also increases 
by 4–8 % while HDL remains the same [ 21 ]. Over the past decade, treatment of 
high cholesterol improved in both primary and secondary prevention of CVD. In 
women age 45–65 years, the use of statins increased from 1.9 to 13.5 % and in 
women older than 65 the use increased from 3.5 to 32.8 % (2000–2010). Among 
men age 45–65 years, statin use increased from 2.5 to 16.8 % and in men older than 
65 the use increased from 1.9 to 38.9 %. Despite increases in the statin use among 
women, a disparity of statin use persists between genders [ 14 ].  

    Obesity 

 Obesity is an independent risk factor for CVD, and is associated with signifi cant 
mortality, morbidity and health cost. Obesity exists with other co-morbid conditions 
including diabetes mellitus, hypertension, coronary artery disease, sleep apnea and 
certain cancers. 

 Both obesity and diabetes are increasing at an alarming rate in women in the west-
ern societies. The rise in the rates of obesity and diabetes vary signifi cantly by ethnic/
racial backgrounds and socioeconomic status [ 22 ]. Overall, blacks have the highest 
prevalence of obesity in the United States followed by Hispanics, and then Whites. 
According to 2006–2008 statistics from the Centers for Disease Control (CDC), 
21.8 % of NH-white women, 39.2 % of NH-black women, and 29.4 % of Hispanic 
women were obese (body mass index, ≥30 kg/m 2 ) [ 23 ]. The most dramatic rise in 
obesity rates is observed in women whose income is at 200 % of the poverty line 
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(3.6 % increases in obesity). The rise in obesity rate is 0.3 and 1.8 % in women with 
income just below and at 100–199 % of the poverty line [ 14 ]. At least three reasons 
may account for the racial and ethnic differences in obesity. First, racial and ethnic 
groups differ in behaviors that contribute to weight gain; secondly differences exist 
in individual attitudes and cultural norms related to body weight across racial/ethnic 
groups. Thirdly, at the population level there are clear ethnic/racial differences in 
access to affordable, healthful foods and safe locations to be physically active; this 
limited access may negatively impact diet and physical activity levels [ 23 ].  

    Diabetes Mellitus 

 Diabetes mellitus is considered a coronary artery equivalent. The prevalence of 
physician diagnosed cases of diabetes in adults >20 years of age was reported to be 
19,700,000 (8.3 %) [ 1 ]. Out of these, 9,600,000 (8.7 %) were men and 10,100,000 
(7.9 %) were women. Non-Hispanic black females account for 15.4 % of these 
cases, followed by 13.5 % among Non-Hispanic black men. This is followed by 
Mexican American women (12.0 %) and Mexican American men (11.4 %) [ 1 ]. The 
prevalence is lower among whites with men making up 7.2 % while women make 
up 6.2 % of the diabetic population [ 1 ]. In addition, black diabetics are more likely 
to suffer complications from diabetes, such as end-stage renal disease and lower 
extremity amputations.  

    Physical Inactivity 

 Physical inactivity is responsible for 12.2 % of the global burden of MI after 
accounting for other CVD risk factors such as cigarette smoking, DM, hyperten-
sion, abdominal obesity, lipid profi le, and psychosocial factors [ 24 ]. Between 
National Health and Nutrition Examination (NHANES) 1988–1994 and NHANES 
2001–2006, the non–age-adjusted proportion of adults who engaged in >12 sessions 
of physical activity per month declined from 57.0 to 43.3 % in men and from 49.0 
to 43.3 % in women [ 25 ]. Physical inactivity is reported to be higher among women 
than men (33.2 % versus 29.9 %) [ 1 ]. However women are more likely to maintain 
a healthy weight than men (45.1 vs. 31.7 %). In a meta-analysis of longitudinal 
studies among women, relative risks (RRs) of incident CHD were 0.83 (95 % CI, 
0.69–0.99), 0.77 (95 % CI, 0.64–0.92), 0.72 (95 % CI, 0.59–0.87), and 0.57 (95 % 
CI, 0.41–0.79) across increasing quintiles of physical activity compared with the 
lowest quintile [ 26 ]. 

 In the Health Professionals Follow-Up Study, for every 3-h-per-week increase in 
vigorous-intensity activity, adjusted RR of MI was 0.78 (95 % CI, 0.61–0.98) for 
men. This 22 % reduction of risk can be explained in part by benefi cial effects of 
physical activity on HDL cholesterol, vitamin D, apolipoprotein B, and HbA1c [ 27 ].   
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    Summary and Conclusions 

 There could be several reasons for these observed differences in the cardiovascular 
care and outcomes. Factors leading towards higher CVD mortality among women 
are the differences in the risk factor profi le among men and women. For example 
hypertension and diabetes are more prevalent among women, where as coronary 
artery disease is more prevalent among men. Although women have higher preva-
lence of angina when compared with men, they have lower prevalence of signifi cant 
obstructive coronary artery disease. It is also noted in literature that among women 
who may be older, have higher risk factor burden yet have less signifi cant obstruc-
tive CAD when compared with their male counterparts [ 10 ]. Despite less signifi cant 
obstructive coronary artery disease women still face higher mortality and worse 
prognosis when compared with men. 

 Other factors include less representation of women particularly minority women in 
clinical trials with impact on the advances in treatment and management in the fi eld of 
cardiovascular medicine for women. In typical CVD trial, 85 % of the study partici-
pants are men [ 28 ]. Women who do participate are predominantly postmenopausal. 

 Although overtime the enrollment of women in randomized clinical trials has 
increased, it continues to be low with regards to their relative representation in dis-
ease population. Overall the representation of women is reported to be highest 
among trials in hypertension (44 %), diabetes (40 %), and stroke (38 %) and lowest 
for heart failure (29 %), coronary artery disease (25 %), and hyperlipidemia (28 %). 
This is in contrast to the higher and rising prevalence of these diseases among 
women [ 29 ]. Therefore, we have typically relied on the sub-group and meta- analyses 
of clinical trials (which are underpowered to answer these questions) to better 
understand the infl uence of gender on outcomes such as mortality, morbidity and 
quality of life. For example, the results of Multicenter Automatic Defi brillator 
Implantation Trial with Cardiac Resynchronization Therapy (MADIT-CRT) showed 
that women obtain signifi cantly greater reduction in death and heart failure with 
cardiac resynchronization therapy (CRT) than men [ 30 ]. CRT was also associated 
with greater echocardiographic evidence of cardiac remodelling in women than 
men. There were only 453 women (25 %) out of 1,820 study patients. Benefi t from 
other life saving treatment in women might not be seen in other studies due to under 
representation of women in most of the major trials. Further trials with appropriate 
female representation are needed to better understand the epidemiology of CVD 
and treatment strategies.     
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           Overview 

 In 1948, the USA Public Health Service initiated the Framingham Heart Study to 
assess the epidemiology and risk factors for cardiovascular disease (CVD). It was 
the fi rst such study of its kind—a well-constructed and longitudinally observed 
cohort. Men and women between the ages of 30 and 62 (5,209 individuals in total), 
free of CVD, were recruited from Framingham, MA beginning in 1948. Publications 
from the late 1950s and early 1960s associated with the Framingham Heart Study 
became some of the fi rst publications to use of the term “risk factor.” The term was 
thus broadly coined and accepted, used today as generalized patterns that suggest a 
predilection to developing heart disease. Analyses looked at patterns of elevated 
cholesterol, higher levels of blood pressure, and cigarette smoking and found that 
these identifi ed elements combined to increase one’s risk of developing coronary 
heart disease (CHD) over 6 years of follow up [ 1 ]. 

 From these data from the Framingham Study, investigators were able to generate 
risk equations that linked common risk factors to CHD, stroke, and overall fatal and 
nonfatal cardiovascular disease. These equations and publications subsequently led 
to improved worldwide screening techniques that have served as the foundation for 
many of the clinical cardiovascular guidelines [ 2 ]. 

 More recent publications from the Framingham Study have looked at the evolu-
tion of cardiovascular disease (CVD) over the last fi ve decades in a general popula-
tion sample of men and women. What continue to emerge from this study are the 
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CVD differences between men and women: in prevalence, incidence, prognosis, 
and predisposing risk factors. For example, women tend to lag by 10–20 years 
behind men in CVD incidence. Women also tend to outlive men, and experience 
fewer atherosclerotic CVD events. Despite the differences, data from the 
Framingham cohort show that CVD has now become the leading cause of death in 
women, as well as men. Based on data from the Framingham study comparing the 
lifetime risk of coronary heart disease (CHD) with that of breast cancer, women are 
three times more likely to have a CHD event than breast cancer (24–32 % versus 
7–12.5 % respectively). Conclusions to be drawn from this include the concept that 
CVD is a formidable health concern for women; one that warrants aggressive pre-
ventive measures for women of all ages. Epidemiology of hypertensive or athero-
sclerotic disease was not well-characterized prior to the Framingham study [ 3 ]. 

 Both gender and age play a strong role in the lifetime risk of CHD. When com-
pared side-by-side, the lifetime risk for CHD was lower for women in each age 
group when compared to men. And the overall lifetime risk for developing CHD is 
approximately 40 % in men, and 30 % in women. To put this in perspective, the 
overall lifetime risk that a woman develops breast cancer is much lower, at approxi-
mately 10 % (see Fig.  2.1 ) [ 4 ].

   Despite the fact that CVD is the leading cause of mortality in women, women have 
largely been underrepresented in randomized control trials (RCT) that form the basis 
for our current standards of care. The 2007 guidelines for CVD prevention in women, 
for example, were based largely on RCT, which on average, were made up of 70 % 
male enrollment. This demonstrates an obvious disadvantage of sex- specifi c analy-
ses, resulting in lack of public and professional awareness of female- specifi c coro-
nary risk. Sex-specifi c knowledge gaps that currently exist include women’s symptom 
presentation, optimal screening techniques, and diagnostic procedures. By default, 
through lack of representation, women are thus treated largely based on male-domi-
nant RCTs. Women enrollment in RCTs does continue to increase (notably, from 9 % 
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in 1970 to 41 % in 2006), but remains relatively low when compared to the overall 
prevalence of disease in women. And it is not just enrollment—A study by Melloni 
et al. showed that sex-specifi c results were discussed in only 31 % of primary trial 
publications. Ongoing efforts are needed to improve female representation so that 
sex-specifi c, evidenced-based recommendations may be determined [ 5 ]. 

 In 1999, the American Heart Association (AHA) published the fi rst women- 
specifi c clinical recommendations for the prevention of cardiovascular disease 
(CVD) [ 6 ]. Over the ensuing years, there has been signifi cant progress in the aware-
ness, treatment, and prevention of CVD in women. Part of that progress has been in 
the increasing awareness, on the part of both providers and patients, that heart dis-
ease is not exclusive to men. While there has been improvement, there are still a 
disproportionate number of women who do not identify CVD as their major health 
concern (despite the fact that over six million women in the US have known CVD). 
Sadly, women in the highest risk populations (women of racial and ethnic minori-
ties) demonstrate the most persistent lack of awareness. Lack of awareness is not 
exclusive to the patient population—physicians and health care providers continue 
to underestimate cardiovascular risk in women. This erroneous calculation has been 
shown to correlate with suboptimal application of interventions for cardiovascular 
prevention. There has been increasing public awareness, however, with which there 
has been a 30 % decline in CVD-related mortality burden among women [ 7 ]. 
Indeed, the Nurses’ Health study, a large study that included 85,941 women, looked 
at the trends in the incidence of coronary heart disease and changes in diet and life-
style in women. Using the incidence of coronary disease in women over a 2-year 
period as a primary outcome, the study found that disease prevalence declined by 
31 % with associated risk factor modifi cation (including reduction in smoking, 
improvement in diet, and an increase in postmenopausal hormone use) [ 8 ,  9 ]. 

 Public awareness efforts including the AHA “Go Red for Women” and the 
National Heart, Lung, and Blood Institute’s “Heart Truth” campaigns have helped 
increase awareness that CVD is the leading cause of death among US women [ 10 ]. 
The 2011 AHA publication of “Effectiveness-Based Guidelines for the Prevention 
of Cardiovascular Disease in Women” advances understanding of the most clini-
cally effective approaches to prevention and treatment [ 10 ]. The purpose of this 
chapter is to review the updated guidelines on the prevention of heart disease in 
women, including discussion of common risk factors, risk assessment of CVD in 
women, and interventions regarding lifestyle, major risk factors, and preventive 
medications, including the use of statins. Interventions which are not useful, or 
which may be harmful will also be discussed.  

    Defi nitions, Terms, and Classifi cations 

    Cardiovascular Disease (CVD)/Heart Disease (HD) 

 For the sake of this chapter, and as often found throughout the literature, “heart 
disease” and “cardiovascular disease” are often used interchangeably. Either term 
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describes a broad range of diseases that affect the heart, including: heart rhythm 
problems (arrhythmias), diseases of the blood vessels, such as peripheral vascular 
disease, renal-vascular disease and coronary artery disease; heart infections; and 
congenital heart defects. Both terms also generally refer to conditions that involve 
narrowed or blocked blood vessels that can lead to a heart attack, chest pain (angina) 
or stroke. Conditions that affect the heart’s muscle, heart valves or cardiac rhythm, 
and infections are also considered forms of heart disease [ 11 ].  

    Coronary Artery Disease (CAD) 

 when the major blood vessels that supply the heart with blood, oxygen and nutrients 
become damaged or diseased. Cholesterol-containing deposits (plaque) within the 
arteries are the main cause of coronary artery disease [ 12 ].  

    Relative Risk (RR) 

 Ratio of the likelihood of an event in persons with the risk factor versus in those 
without.  

    NCEP ATP3 Guidelines 

 The National Cholesterol Education Program Adult Treatment Panel III Guidelines, 
updated in 2004, are used to defi ne cardiovascular risk and determine goals for 
 lipids [ 13 ,  14 ].   

    Primary Prevention of Cardiovascular Disease: 
Effectiveness –Based Guidelines for the Prevention 
of Cardiovascular Disease in Women- 2011 Update 

    Risk Factors 

 The goal of primary prevention of cardiovascular disease is to deter the clinical pre-
sentation of symptomatic disease and prevent major cardiac adverse events in cur-
rently asymptomatic individuals [ 13 ]. To do this, one needs to prevent and optimize 
modifi able risk factors. “Risk factors” are just that-habits or traits that increase the risk 
of experiencing unwanted occurrences, such as cardiovascular disease. There have 
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been nearly 200 risk factors and risky behaviors identifi ed that increase a woman’s 
risk of cardiovascular disease. While some, like genetics, are not modifi able, it is 
important to focus on those we can improve. Traditional major risk factors include 
hypertension, diabetes, dyslipidemia, male gender, cigarette smoking, age, and a fam-
ily history of CVD [ 13 ,  14 ]. Male gender and family history are obviously not modifi -
able, but aggressive efforts to control other risk factors are critical in prevention of 
CVD. One large international case–control study—the INTERHEART study of acute 
myocardial infarction (AMI)—looked at risk estimates associated with traditional car-
diovascular risk factors. They found that these risk factors are overall similar between 
men and women across various regions of the world; however, women had an increased 
risk associated with hypertension and diabetes. The study also showed that exercise 
and alcohol appeared to play a larger protective role in women than in men [ 8 ]. 

    Age, Gender, and Hormones 

 The average age at which women develop CVD is roughly 10 years after the average 
age of men, in large part due to sex hormones. This has likely contributed to the mis-
conception that women are less vulnerable to CVD. Sex hormones play a major role 
in the pathophysiology of cardiovascular disorders, and once post-menopausal females 
lose the protective benefi ts of estrogen, their risk of CVD is equal to that of men [ 15 ]. 
Estrogen is thought to play several roles in the pathophysiology and manifestations of 
heart disease in women. Estrogens are believed to be protective to coronary vessels by 
providing improved vascular tone. Experimental studies have shown that estrogens 
can adjust the response of vessels to various vasoactive substances, including angio-
tensin II, norepinephrine, and aldosterone, thereby preventing the same degree of 
vasoconstriction seen in men [ 16 ,  17 ]. Additionally, estrogen can increase the produc-
tion or the release of relaxing factors from the endothelium, thus improving endothe-
lial function [ 18 ]. Estrogen can also improve a woman’s lipid profi le by reducing 
low-density lipoprotein cholesterol and increasing high- density cholesterol [ 19 ]. 
Women may have different clinical symptoms of ischemia because of two different 
mechanisms of estrogens: (1) they may directly alter pain perception in women, and 
(2) they may play a direct anti-anginal role by reducing the pain-producing effects of 
adenosine that cause the classic ischemic-like chest pain [ 20 ,  21 ]. In addition to the 
increased risk of CVD which comes with post- menopausal changes in sex hormone 
levels, increased age is also associated with a higher incidence of diabetes, hyperten-
sion, obesity, and other co-morbidities which also increase risk of CVD. Despite all of 
the previously noted benefi ts of estrogen for CVD prevention in women, not all estro-
gen is created equal. Specifi cally, exogenous estrogen in post-menopausal women has 
shown to be in fact even harmful. In fact, two studies in particular—the Heart and 
Estrogen/Progestin Replacement Study (HERS), and the Women’s Health Initiative 
(WHI)—did not support the benefi cial effects of hormone therapy in post-menopausal 
women (in either secondary or primary cardiovascular prevention). The WHI trial was 
actually terminated early after fi nding a small but signifi cant increase in cardiovascu-
lar events and other adverse outcomes in the hormone therapy group [ 8 ,  22 ,  23 ].  
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    Smoking 

 Tobacco use unfortunately continues to be the leading preventable risk factor for 
CHD in women, that has yet to be extinguished. Over the past 50 years, the risk of 
death from cigarette smoking continues to increase among women and the increased 
risk of death from all causes (lung cancer, COPD, any type of stroke, CVD, and all 
others) is now nearly identical for men and women, when compared to those who 
have not smoked [ 24 ]. Smoking has been associated with one-half of all coronary 
events in women. The meta-analysis by Rachel Huxley and Mark Woodward 
showed, that smoking confers a 25 % greater relative risk of coronary heart disease 
in women than in men [ 25 ]. The risk of death from ischemic heart disease in ciga-
rette smokers is the same in men and women, almost three times higher than in 
those who have not smoked. A critical point to remember is that quitting smoking 
dramatically reduces mortality from all major smoking-related disease and it is 
never too late to quit. Early tobacco cessation is also important, as smoking cessa-
tion before 40 years of age reduces smoking-associated mortality by 90 % [ 26 ]. 
Another important point to recognize is that smokers on oral contraceptives are at 
even further increased risk of CHD. And while the prevalence of male smokers 
continues to be slightly higher than female smokers, there is smaller decline in 
tobacco use among women [ 27 ].  

    Hypertension 

 For both women and men, hypertension has been identifi ed as a major cause of 
CVD [ 8 ]. With increasing age, there is progressive loss of arterial compliance, 
resulting in increasing overall prevalence of hypertension. Approximately 18 % of 
women are hypertensive prior to the age of 45, while nearly 80 % of elderly women 
are hypertensive (as compared to 25 % of men prior to the age of 45, and 72 % of 
men over 75) [ 7 ]. And in older women, the most common form of hypertension is 
actually isolated systolic hypertension. HTN is particularly prevalent among black 
women. Not only is there a disparity in the incidence of hypertension between men 
and women; there are also differences in the role that hemodynamic characteristics 
play in the pathology of hypertension and target end organ damage between men 
and women. In one study looking at 100 men and 100 women with similar rates of 
mild-to-moderate hypertension (also matched to equivalent age and race), hemody-
namic differences were observed [ 28 ]. Men were on average found to have lower 
resting heart rates, longer left ventricular ejection fraction (LVEF) time, lower pulse 
pressures, and greater stress-induced rises in blood pressure and pulse pressure. 
Women on the other hand, were found to have lower total peripheral resistance, 
decreased blood volumes, and stress-responses related to hormonal status (the 
higher the estrogen activity, the less arterial pressure increased with mental stress) 
[ 28 ]. Also, in women taking oral contraceptives (especially those who are older, and 
with concomitant obesity), hypertension has been found to be two to three times 
more common than in women who are not on them [ 8 ].  

R. Lewandowski and C. Gracey



19

    Dyslipidemia 

 Another well-known cardiac risk factor, the contribution of dyslipidemia to CVD 
also differs between men and women. For both sexes, LDL-C is the major athero-
genic lipoprotein [ 29 ]. Typically in the United States, the levels of LDL-C and tri-
glycerides (TG’s) are higher in men than in women. This holds true until women 
turn 55, at which point a shift occurs and women have higher levels. Regardless of 
the absolute level however, LDL-C remains the primary target for intervention in 
both sexes as noted in the NCEP guidelines. Despite higher levels of TGs in men, 
there is actually a stronger association between the TG level and CVD risk in 
women. This was demonstrated by a meta-analysis that showed that a 1 mmol/L 
(89 mg/dL) increase in TG levels was associated with a 32 % increased risk of CVD 
in men, versus a 76 % increased risk in women [ 29 ,  30 ]. HDL-C is the third impor-
tant component of the lipid panel associated with increased CVD risk and several 
studies have shown that HDL-C is the most powerful predictor of CVD risk in 
women [ 29 ,  31 – 33 ]. Low levels of HDL-C have been shown to be a signifi cant risk 
predictor in older women, but not in older men [ 34 ]. As will be later discussed, there 
are specifi c guidelines for lipid management in women to reduce risk.  

    Diabetes 

 CVD and diabetes are closely related, largely due to the effects of diabetes on vas-
culature. Diabetics are up to four times more likely to have CVD than non-diabetics 
[ 35 ]. One of the major mortality events in diabetics is CVD, and nearly two out of 
three diabetics will die from some sort of CVD. Men and women with diabetes 
often have subclinical vascular disease. And specifi cally in women, diabetes has 
been shown to confer greater prognostic information than any of the other tradi-
tional risk factors. It is thought of as a more devastating risk factor for women than 
men, often eliminating the other age- or hormone- protective cardiovascular disease 
advantages. Women with diabetes thus require intensive cardiovascular screening. 
This is also true in young women with gestational diabetes, who are prone to develop 
both subsequent diabetes mellitus and adverse coronary risk profi les [ 36 ].  

    Obesity 

 Obesity is increasingly frequent across all cultures and is recognized as a risk for 
cardiovascular disease. A report from Roger et al. in 2011 found that nearly two of 
every three US women >20 years of age is now overweight or obese [ 37 ]. The Nurses’ 
Health Study, a prospective study by Manson et al., looked at 115,886 U.S. women 
between the ages of 30 and 55 who were free of diagnosed coronary disease, stroke, 
and cancer. They found a strong positive association between obesity and the occur-
rence of CVD (specifi cally in this study, non-fatal MI and fatal coronary disease) 
[ 38 ]. Obesity was categorized into fi ve different groups based on body mass index 
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(BMI; weight in kilograms divided by the square of the height in meters): BMI <21, 
21- <23, 23 to <25, 25 to <29, and ≥29. The risk of both non-fatal MI and fatal coro-
nary disease was three times higher in the ≥29 group when compared to the leanest 
group, who had the lowest rates of coronary disease. Surprisingly, even women con-
sidered to be of “average weight” had a nearly 30 % higher risk of coronary events 
when compared to the leanest group [ 38 ]. There are several CHD risk factors affected 
by obesity, including hypertension, low HDL cholesterol, elevated triglycerides, dia-
betes mellitus, and elevated levels of infl ammatory markers. Even relatively modest 
weight gain during the adult years is highly related to developing an increased risk 
factor burden. Nearly 23 % of CHD in men, and 15 % in women were obese in long-
term analysis of Framingham data. Individuals with central obesity, largely because 
of concomitance of other risk factors or co-morbidities (very often present in obese 
women), have an increased risk of cardiovascular events [ 27 ,  39 ].  

    Metabolic Syndrome 

 Metabolic syndrome, which is defi ned by the presence of three or more risk factors 
described below (including central obesity), is more common in women with CHD 
when compared to men. The risk factors include increased abdominal obesity as 
defi ned by waist circumference (in men, greater than 40 in.; in women, greater than 
35 in.), fasting blood triglycerides level greater than or equal to 150 mg/dL, low 
blood HDL cholesterol (in men, less than 40 bmg/dL; in women, less than 50 mg/
dL), blood pressure greater than or equal to 130/85 mmHg, or fasting blood glucose 
greater than or equal to 110 mg/dL [ 27 ].  

    Psychosocial 

 Psychological stress also likely infl uences the onset and clinical course of CHD, 
which growing evidence suggests may be especially true for women. The previ-
ously mentioned INTERHEART study suggested that AMI was strongly associated 
with the combined exposure to psychosocial risk factors (including major life 
events, depression, perceived stress at home or work). Congruous with this, lower 
socioeconomic status (with increased psychosocial stressors and hardened lifestyle 
factors) has consistently been associated with increased cardiovascular morbidity 
and mortality. These psychosocial factors (well-documented to be more prevalent in 
women than in men), may also affect the adherence to, and ability to maintain a 
healthy lifestyle [ 40 ,  41 ].  

    Systemic Infl ammatory Disease 

 The chronic infl ammation associated with systemic infl ammatory diseases is felt to 
accelerate the development of cardiovascular disease. Women with rheumatoid 
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arthritis have a two to four times higher risk of myocardial infarction or new cardiovas-
cular events compared with women who do not have rheumatoid arthritis and the mor-
tality rate is 50 % higher for cardiovascular death in patients with rheumatoid arthritis 
compared to those without [ 42 ]. After controlling for common risk factors, patients 
with systemic lupus had a ten-fold higher relative risk for nonfatal myocardial infarc-
tion, 17 fold higher risk for death due to coronary heart disease, sevenfold higher risk 
for overall coronary heart disease, and an almost eightfold higher risk of stroke [ 43 ]. 
Studies have linked carotid atherosclerosis with disease duration in rheumatoid arthritis 
and systemic lupus [ 44 ,  45 ]. The increased risks associated with systemic collagen 
vascular infl ammatory disease are not limited to women but these diseases predomi-
nantly affect women compared to men, making identifi cation and management impor-
tant. Aggressive control of the underlying infl ammatory disease is recommended to 
decrease morbidity and mortality from cardiovascular disease [ 42 ,  43 ,  45 – 47 ]. Systemic 
collagen-vascular infl ammatory disease is an independent risk factor for cardiovascular 
disease, as noted in the 2011 AHA guidelines, so presence of this condition should 
prompt further assessment of cardiovascular risk and risk factor modifi cation [ 48 – 50 ].  

    Novel Risk Factors 

 Without dedicating the remainder of this chapter to the other 200+ risk factors asso-
ciated with CVD, it is worthwhile to note that there has been interest in potential risk 
factors. The U.S. Preventive Services Task Force (USPSTF) published a review of 
“Emerging Risk Factors for CAD” [ 51 ], based on nine systematic reviews of novel 
risk factors recently receiving attention. The factors evaluated included C-Reactive 
Protein (CRP), coronary artery calcium score    (as measured by electron-beam com-
puted tomography), lipoprotein (a) level, homocysteine level, leukocyte level, fast-
ing blood glucose, periodontal disease, ankle-brachial index, and carotid intima-media 
thickness. Based on the current evidence available, the review did not fi nd the routine 
use of any of these nine aforementioned risk factors to be valuable for further risk 
stratifi cation of intermediate-risk persons [ 41 ,  51 ]. That being said, CRP has been 
shown to be of some utility when incorporated into risk assessment scores, and par-
ticularly the Reynolds Risk Score. Specifi cally, a CRP level of >3.0 mg/L did reclas-
sify approximately 5 % of intermediate-risk women in the Women’s Health Study 
(however, it failed to reclassify any in the Cardiovascular Health Study), which sug-
gests a small and inconsistent effect when CRP is used [ 8 ,  52 ].   

    AHA Guidelines 

 The updated 2011 AHA Guidelines addressed here include recommendations  regarding: 
(1) the prevention of CVD in women, (2) interventions not useful/effective (and may 
be harmful) for the prevention of CVD in women, (3) a methodology for providers to 
assess CVD risk, and (4) and a classifi cation system of the risk assessment. 
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    Lifestyle Interventions 

 While lifestyle recommendations to decrease risk of cardiovascular disease may 
seem intuitive, they should not be overlooked or underestimated. Women who are 
in the “ideal cardiovascular health” group as defi ned in the AHA 2011 guidelines 
have a signifi cantly decreased incidence of CVD compared to those with risk fac-
tors [ 10 ]. In addition, data from the Nurse’s Health Study showed that women who 
adhered to lifestyle recommendations (similar to the ideal cardiovascular health 
group) had a relative risk reduction of about 80 % compared to those women not in 
this group [ 9 ]. Recommendations for optimization of modifi able risk factors (ciga-
rette smoking, diet, physical activity, weight management) are as    detailed in 
Table  2.1 .

         Major Risk Factor Interventions 

 Blood pressure is a major risk factor for cardiovascular disease and guidelines for 
women are those set by JNC 7 [ 53 ]. Optimal blood pressure goals are the same for 
both men and women; a goal of <120/80 mmHg should be achieved through life-
style approaches including weight control, increased physical activity, alcohol mod-
eration, sodium restriction, and increased consumption of fruits, vegetables, and 
low-fat dairy products (Class I; Level of Evidence B). When women remain hyper-
tensive with blood pressure greater than 140/90 mmHg in the setting of other co- 
morbidities, (especially chronic kidney disease and diabetes mellitus) 
pharmacotherapy should be implemented. The drug regimen should be tailored 
towards specifi c vascular diseases. For example Table  2.2  identifi es circumstances 
where individuals with certain co-morbidities would benefi t from a specifi c drug 
class. Women with diabetes, for example, should likely be on an ACE inhibitor or 
ARB for both their hypertension and their diabetes, whereas women with any com-
ponent of left ventricular failure would benefi t from a beta-blocker and/or ACE 
inhibitor/ARB. Women in the “high-risk” group (those with acute coronary syn-
drome or MI) should be started on beta-blockers and/or ACE inhibitors/ARBs, with 
the addition of other drugs such as thiazides as needed to achieve goal blood pres-
sure (Class I; Level of Evidence A). Note: In women who may become pregnant, 
ACE inhibitors should be used with caution, and are contraindicated in pregnancy.

   Hyperlipidemia is also a major risk factor for cardiovascular disease. 3-Hydroxy- 
3-methylglutaryl-coenzyme A reductase inhibitors, or “statins”, lower lipids by block-
ing cholesterol biosynthesis though they also have other downstream “pleiotropic 
effects” which reduce infl ammation and clotting, likely adding to their clinical effect 
[ 54 ]. This class of medications will be discussed in more detail later in this chapter. 

 As a CHD equivalent [ 55 ], diabetes mellitus should be addressed in discussion 
of cardiovascular disease prevention. Women with diabetes mellitus may benefi t 
from a goal HbA1c <7 % if this can be achieved without risk of hypoglycemia 
(Class IIa; Level of Evidence B). 
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 To summarize, several risk factors have been found to be more potent in women 
than in men, including:

    1.    Smoking has been associated with 50 % of all coronary events in women.   
   2.    Diabetes appears to confer greater prognostic information in women than any of 

the other traditional cardiac risk factors   
   3.    Metabolic syndrome/high triglycerides pose much higher risk for association 

with cardiovascular disease in women.   
   4.    Several studies have shown that HDL-C is the most powerful predictor of CVD 

risk in women [ 29 ,  31 – 33 ].   
   5.    The protective effects of exercise and alcohol appear to have somewhat larger 

effect in women than in men.     

 Additional medications used in the primary and secondary prevention of CVD 
are as noted in Table  2.2 .  

    Interventions Not Useful/Effective and May Be Harmful 
for the Prevention of CVD in Women 

 In addition to recommendations for prevention, the 2011 AHA guidelines also 
provided Class III evidence guidance for interventions to avoid. The fi ndings from 
the Framingham study of 2000 showed that menopausal therapy, including hor-
mone therapy and selective estrogen-receptor modulators (SERMs), should not be 
used for the primary or secondary prevention of CVD (Class III, Level of Evidence 
A). In addition, neither the Women’s Antioxidant Cardiovascular Study (WACS), 
nor the Women’s Antioxidant and Folic Acid Cardiovascular Study (WAFACS) 
did not show nutritional supplements—including vitamins B, E, C, beta carotene, 
and folic acid supplements—to prevent the incidence or recurrence of CVD in 
women [ 49 ]. These data were published with the result of eliminating ineffective 
therapies from preventative regimens. The 2011 guidelines were updated to include 
the recommendation that nutritional supplements, including vitamins E, C, beta 
carotene, and folic acid (with or without B6 and B12 supplementation), should not 
be used for the primary or secondary prevention of CVD (Class III, Level of 
Evidence A). 

 Lastly, and perhaps most importantly, the routine use of aspirin for the preven-
tion of CVD in healthy women <65 years of age is not recommended to prevent 
myocardial infarction (Class III, Level of Evidence B). Recommendations vary 
sharply between men and women. The Physicians’ Health Study found that aspirin 
provided MI (but not stroke) protection in men; conversely, the Women’s Health 
Study found aspirin to provide stroke benefi t, but not MI protection in women 
[ 49 ,  56 ,  57 ].  

2 Classifi cation of Cardiovascular Disease Risk and Cardiovascular Disease
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    Evaluation of Cardiovascular Risk (see Fig.  2.2 ) 

    Unfortunately, despite increasing awareness, major coronary events may be 
missed, as nearly half of major coronary events occur in asymptomatic individuals 
[ 58 ]. Efforts have thus been made to help clinicians accurately identify “at risk” 
individuals. Two well-known models exist to assess cardiovascular risk predic-
tion: the Framingham-based risk assessment, and the Reynolds Risk score for 
CVD. The third National Cholesterol Education Program (NCEP) Adult Treatment 
Panel III (ATP-III) guidelines recommend that all adults should have their risk of 
coronary heart disease (CHD) event assessed in an offi ce-based visit. The factors 
identifi ed as “coronary risk factors” by the Framingham investigators include age, 
hypertension, smoking, diabetes, elevated total and LDL-cholesterol, and low 
HDL-cholesterol. Since 1966, these factors have been integrated into global risk 
scores for assessment of cardiovascular risk [ 59 – 61 ]. Based on risk factors, adults 
are characterized as having one of three levels of risk: low, intermediate, or high. 
Despite their accepted signifi cance, it has been shown that nearly 20 % of all coro-
nary events occur in the absence of these major risk factors [ 62 ]. Critiques of the 
Framingham risk assessment include the underestimation of both clinical [ 63 ] and 
subclinical [ 64 – 66 ] CHD risk in asymptomatic postmenopausal women. The 
Framingham risk score also does not include risk of stroke, angina, or coronary 
revascularization all of which are more prevalent in women as compared with 
men. 

 In 2007, in the setting of these Framingham risk score limitations, Ridker et al. 
developed a new model for the assessment of global cardiovascular risk in women—
the Reynolds Risk Score. Recent comparative studies suggest that the Reynolds 
Risk Score is better calibrated than the Framingham-based model, particularly in 
the women with 5–10 % estimated 10-year risk as classifi ed by the Framingham 
method [ 52 ]. The Reynolds Risk Score is determined by the following risk factors: 
age, systolic blood pressure, hemoglobin A1c if diabetic, current smoking, total and 
HDL-C, high sensitivity CRP (hsCRP), and parental history of myocardial infarc-
tion before age 60 years [ 67 ]. It has yet to be determined what preventative strate-
gies (like statin therapy) may be implemented based on a woman’s specifi c risk 
score, but future studies will likely guide therapy. Also, as noted previously, the 
utility of hsCRP are also debatable. 

 The formal algorithm for a woman’s cardiovascular risk assessment, as proposed 
by AHA 2011 Guidelines (see Fig.  2.2 ) includes the Framingham risk assessment, 
and begins with a focused history. The algorithm categorizes women by level of 
risk, and guides providers to the appropriate recommendations as described in detail 
above. The fi rst step is to ask pertinent questions regarding past medical, family, and 
pregnancy complication history. Women should also be screened for symptoms of 
CVD. History taking should be followed by standard physical exam (   including 
blood pressure, body mass index, and waist size). Fasting lipoproteins and glucose 
should be obtained. This data would prove suffi cient for Framingham risk 
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Evaluation of CVD Risk:

Implement Class I Lifestyle
Recommendations (for all):

Is Woman at High Risk of CVD
(having ≥1 of the following)?

Recent cardiovascular event, procedure, or
congestive heart failure symptoms?

History of Paroxysmal Atrial
Fibrillation?

Implement Class I
Recommendations:

Smoking cessation

DASH-like diet

Regular physical activity
Weight management

Clinically established CHD
Cerebrovascular disease

Peripheral arterial disease
Abdominal aortic aneurysm
Diabetes mellitus

Chronic kidney disease

10-year predicted CVD risk ≥10%

Medical history /family history /pregnancy complication history

Symptoms of CVD
Depression screening in women with CVD

Physical examination including blood pressure, body mass index, waist size

Laboratory tests including fasting lipoproteins and glucose
Framingham risk assessment if no CVD or diabetes

No

No

No

Warfarin or

Aspirin or
Dabigatran

Yes

Yes

Yes

Blood pressure control

Angiotensin-converting
enzyme inhibitor/
angiotensin receptor blocker

LDL-C-Iowering therapy (goal <70 mg/dL in very high-risk women)

Glycemic control in diabetics
Aspirin/antiplatelet agents
Omega-3 fatty acids

Non- HDL-C-lowering therapy (goal <130 mg/dL in very high-risk women with
recent ACS or multiple poorly controlled cardiovascular risk factors)

β-Biocker

LDL-C-lowering therapy
(goal <100 mg/dL)

Refer to
cardiac

rehabilitation

Implement Class I
Recommendations:

Consider Class II Recommendations:

Consider Class II
Recommendations:

Implement Class I
Recommendations:

Blood pressure control

LDL-C-lowering therapy if ≥ 190
mg/dL

Therapy for high LDL-C,
non-HDL-C and triglycerides
and/or HDL-C in select women
Aspirin

  Fig. 2.2    Flow diagram for CVD preventive care in women.  CVD  indicates cardiovascular disease, 
 DASH  Dietary Approaches to Stop Hypertension,  CHD  coronary heart disease,  LDL-C  low-den-
sity lipoprotein cholesterol,  HDL-C  high-density lipoprotein cholesterol, and  ACS  acute coronary 
syndrome (Reprinted with permission Mosca et al. [ 10 ])       
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assessment (if no diabetes or CVD). If using the Reynolds Risk Score, hemoglobin 
A1c, hsCRP, and parental history of myocardial infarction before age 60 years 
should also be obtained. 

  All  women should implement Class I lifestyle recommendations as outlined in 
detail Table  2.3  (smoking cessation, DASH-like diet, regular physical activity, and 
weight management). 

 If women have a history of paroxysmal atrial fi brillation, Class I anticoagulation 
recommendations should be implemented regarding warfarin, or aspirin, or dabiga-
tran (see Chap.   10    ). 

 If a woman is considered to be at high risk of CVD (having ≥1 of the following: 
clinically established CHD, cerebrovascular disease, peripheral arterial disease, 
abdominal aortic aneurysm, diabetes mellitus, chronic kidney disease, or a 
Framingham 10-year predicted CVD risk ≥10 %), it should be determined if she has 
had a recent cardiovascular event, a recent cardiovascular procedure, or congestive 
heart failure symptoms. If she has had a recent CVD event, she should be referred 
to cardiac rehabilitation and class I recommendations implemented (blood pressure 
control, LDL-C-lowering therapy (goal <100 mg/dL), β-blocker, and angiotensin- 
converting enzyme inhibitor/angiotensin receptor blocker). If she has not had a 

   Table 2.3    Gender    differences in traditional cardiac risk factors   

 Men  Women 

 Risk factor threshold values 
  Age threshold for ↑ disease risk  ≥45 years  ≥55 years 
  Family history of premature  <55 years  <65 years 
  CHD 
  HDL cholesterol  <50 mg/dl 
 Population average values 
  Lipids 
   Total cholesterol  ↑  ↑ For women after age ~50 years 
   HDL cholesterol  ↑ 
 Prevalence rates 
  Hypertension*  ↑ 
  Smoking†  ↑ 
 Coronary disease or outcome risk 
  Triglycerides  ↑ 
  Diabetes mellitus  ↑ 
  Obesity (e.g., BMI ≥30 kg/m 2 )‡  ↑  ↑ 
   Central obesity (>35 kg/m 2 *)  ↑ 
  Gaps narrow: 
 * In elderly 
  † Women lag in declining rates of smoking and noted increased prevalence of young female 
smokers 
  ‡ Obesity increasing in the last decade such that ~25 % of women are now obese with a body mass 
index (BMI)≥30 kg/m 2 . Additionally, women generally engage in less leisure-time physical activ-
ity and exhibit a greater functional decline in their postmenopausal years 
  CHD  coronary heart disease,  HDL  high-density lipoprotein. 
Reprinted from Shaw et al. [ 105 ] with permission from Elsevier  
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   Table 2.4    Classifi cation of CVD risk in women   

 High risk (≥1 
high-risk state)  At risk (≥1 major risk factor[s]) 

 Ideal cardiovascular health 
(must have all of these) 

 Symptomatic CHD  Cigarette smoking  No evidence of hypertension 
(BP <120/<80 mmHg 
untreated) 

 Physical inactivity 

 Symptomatic 
cerebrovascular 
disease 

 Obesity (especially central adiposity)  Total cholesterol <200 mg/
dL (untreated)  Hypertension (SBP ≥120 mmHg, DBP 

≥80 tnrn Hg, or treated hypertension) 
 Symptomatic 

peripheral arterial 
disease 

 Elevated cholesterol (total cholesterol 
≥200 mg/dL, HDL-C <50 mg/dL, or 
treated for dyslipidemia 

 Fasting blood glucose 
<100 mg/dL (untreated) 

 Abdominal aortic 
aneurysm 

 Poor diet  BMI <25 kg/m 2  

 End-stage or chronic 
kidney disease 

 Systemic infl ammatory/autoimmune 
collagen-vascular disease (e.g. lupus or 
rheumatoid arthritis) 

 Non-smoker 

 Diabetes mellitus  History of preeclampsia, gestational 
diabetes or pregnancy-induced 
hypertension 

 Adequate amount of 
physical activity 

 10-year predicted 
CVD risk ≥10 % 

 Poor exercise capacity on treadmill test 
Known advanced subclinical 
atherosclerosis (e.g. coronary 
calcifi cation, carotid plaque) 

 Healthy diet, low in salt, 
alcohol, saturated fats 
and high in fruits and 
vegetables 

  Adapted from Mosca et al. [ 10 ]  

recent CVD event, Class I recommendations for high risk women should be imple-
mented. Class II recommendations may be considered, including omega-3 fatty 
acids, aspirin/antiplatelet agents, glycemic control in diabetics, and more aggressive 
lipid therapy.  

    Classifi cation of CVD Risk in Women 

 The algorithm for evaluation of CVD risk (Fig.  2.2 ) helps providers assess dis-
ease state (which may range from healthy to having established or assumed car-
diovascular disease). A new classifi cation is that of women who meet criteria for 
“Ideal Cardiovascular Health.” Please see Table  2.4  for a full description of these 
criteria, but in brief, this includes untreated total cholesterol, blood pressure, and 
fasting blood glucose all at goal, normal body mass index, abstinence from smok-
ing, a healthy (DASH-like) diet, and physical activity at goal. If a woman achieves 
this classifi cation, a report by Lloyd-Jones et al. showed an association with 
greater longevity, signifi cant reductions in short-term, immediate-term, and life-
time risks for CVD events [ 68 ]. They were also found to have a greater quality of 
life in older ages, with lower associated Medicare costs [ 68 ]. This ideal cardio-
vascular health classifi cation gives clear guidance to women and providers 
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regarding lifestyle goals. Conversely, presence of risk factors determines if a 
woman is “at risk” (at least one major risk factor like smoking history or hyper-
tension), or “high risk” (at least one high-risk state like diabetes or chronic kid-
ney disease).

        Statins in Primary and Secondary Prevention 
of Cardiovascular Disease in Women 

 The class of medications known as statins are a critical tool in the primary and 
secondary prevention of cardiovascular disease. Statins have been shown to sig-
nifi cantly decrease major cardiovascular events including myocardial infarction, 
need for cardiovascular revascularization, ischemic stroke, transient ischemic 
attacks, and mortality from cardiovascular disease. All-cause mortality has also 
been shown to be decreased in statin- treated patients [ 69 – 72 ]. Statins have a 
major effect on lipid levels, decreasing LDL levels by 18–55 %, increasing HDL 
5–15 %, and decreasing triglycerides 7–30 %. In addition, they are felt to have 
“pleiotropic effects” which modify endothelial cell function, reduce infl amma-
tory cell migration and infl ammatory biomarkers, increase nitric oxide synthesis, 
enhance vascular smooth muscle relaxation, and inhibit platelet aggregation [ 54 ]. 
These anti- infl ammatory and anti-thrombotic effects likely add to their clinical 
effectiveness. 

 Women have historically been underrepresented in trials of statins leading to 
insuffi cient information and questions regarding benefi t of treatment, especially in 
primary prevention, and whether effi cacy is the same as in men [ 73 ,  74 ]. A meta- 
analysis by Petretta suggested that “statins may not be as effective in women as in 
men without cardiovascular disease” however the authors went on to state that the 
studies may have been underpowered to observe differences, data was incomplete, 
and the duration of follow up may have been inadequate (an important point in pri-
mary prevention) [ 73 ]. More recent studies such as the Treating to New Targets 
(TNT), Heart Protection Study, and the Jupiter trial have demonstrated the benefi ts 
of lipid reduction with statins in decreases in the occurrence of endpoints of major 
cardiovascular events [ 75 – 77 ]. A recent meta-analysis by Kostis et al. of 140,000 
patients, 40,000 of whom were women, demonstrated that statins are equally effi ca-
cious in men and women in both primary and secondary prevention of cardiovascu-
lar disease, stroke, and in decreasing all cause mortality [ 78 ]. They were also 
demonstrated to be equally effi cacious across different levels of risk (low, medium, 
and high) between men and women. Lipids should be treated to goal based on level 
of cardiovascular risk without regard to gender. 

 Wenger et al. has emphasized that, as the population ages, the incidence of CVD 
will increase among women and that the great majority of persons over 80 years are 
women and are more likely to suffer cardiovascular events [ 75 ,  79 ]. During the peri-
menopausal to postmenopausal years, women experience a substantial increase in 
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their LDL cholesterol and total cholesterol and a small decrease in total HDL cho-
lesterol [ 80 ]. This is why the focus on risk factor modifi cation and prevention in 
women should start early, in the premenopausal years. 

 Lipids have traditionally been undertreated in women compared with men 
[ 81 ,  82 ]. The increased awareness of the prevalence and risk of CVD in women will 
help providers and patients understand the need for appropriate treatment of modifi -
able risk factors, including dyslipidemia. Using risk stratifi cation guidelines (such 
as the 2011 AHA Effectiveness based prevention guideline and the recently released 
2013 ACC/AHA Guideline on the Treatment of Blood Cholesterol to Reduce 
Atherosclerotic Cardiovascular Risk in Adults) [ 83 ] and treating patients according 
to evidence based guidelines is critical in decreasing cardiovascular  disease in all 
women [ 10 ,  83 ]. 

    Practical Points in Diagnosis 

 The National Cholesterol Education Program Adult Treatment Panel III Guidelines, 
updated in 2004, have been used to defi ne cardiovascular risk and determine goals for 
lipids [ 14 ,  70 ]. New guidelines on risk stratifi cation and treatment of lipids were pub-
lished in late 2013 and represent a paradigm shift in the treatment of lipids. 
Randomised controlled trial evidence showed that cardiovascular events were reduced 
using the maximum tolerated statin intensity rather than treating to a specifi c lipid 
goal (as in the prior guidelines), so the updated guidelines refl ect this change [ 84 ]. 

 The 2013 ACC/AHA guidelines divide patients into four categories in which the 
benefi t of treatment clearly outweighs risk of therapy. These categories are:

    1.    Patients with clinical CVD.   
   2.    Patients with LDL > 190 mg/dL.   
   3.    Patients aged 40–75 years old with diabetes and LDL 70–189 mg/dL.   
   4.    Patients aged 40–75 years old, with no CVD or diabetes, LDL 70–189 mg/dL, and 

10 year global CVD risk > or equal to 7.5 %.     

 Patients with CVD who are under 75 years old should receive high intensity 
statin therapy while those who are 75 or older should receive moderate intensity 
statin therapy. Individuals older than 21 years old with an LDL greater than or equal 
to 190 mg/dL (group 2) should receive high intensity statin therapy given their high 
lifetime risk of developing cardiovascular disease. Patients aged 40–75 years old 
with diabetes (group 3) should have moderate intensity statin therapy although if 
they have a 10 year CVD risk of greater than or equal to 7.5 % they should be 
treated with high intensity statin therapy. Patients who are in group 4 (aged 40–75, 
no CVD or diabetes, LDL 70–189 and with a 10 year CVD risk greater than or equal 
to 7.5 %) should be offered moderate to high intensity statin therapy after discussion 
about benefi ts and potential risks of therapy (Table  2.5 ). Decisions regarding inten-
sity of therapy should be made while considering the individual patient’s other 
medical conditions, drug-drug interactions, and tolerance of medications.  
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 The 2013 ACC/AHA lipid guidelines note that some individuals may not be 
categorized into a risk group but may have higher risks because of underlying con-
ditions which may raise their risk of cardiovascular disease.  

 The 2011 AHA guidelines included systemic autoimmune collagen-vascular dis-
ease (e.g., systemic lupus erythematosis or rheumatoid arthritis) as a risk factor for 
cardiovascular disease. Pregnancy complications including pre-eclampsia, gesta-
tional diabetes, and pregnancy induced hypertension are also conditions which 
place a woman in the “at risk” group (along with other traditional cardiac risk fac-
tors). Pregnancy may be considered a screening test for later in life CVD [ 85 ]. 
Coronary risk factor assessment and surveillance is warranted for such women, and 
a detailed history of pregnancy complications should be part of the routine cardio-
vascular risk assessment of all women. The degree of increased risk conferred by 
these conditions is not taken into account by risk calculators such as the Framingham 
10 year CHD calculator or the global risk assessment calculator used in the 2013 
ACC/AHA guidelines but they should be considered when evaluating overall risk. 
If a woman has multiple signifi cant risk factors it may be prudent to consider her in 
a higher risk group and treat modifi able risk factors more aggressively. 

 The 2013 ACC/AHA guideline specifi cally states that there is no difference in 
approach based on gender. The assessment of 10 year CVD risk is done through 
“Pooled Cohort Equations”, a risk calculator available at   http.my.americanheart.
org/cvriskcalculator    . If a patient has a 10 year CVD risk of less than 7.5 % then the 
risk should be reviewed in 4–6 years. 

 High intensity statin regimens are those which are expected to decrease LDL 
level by greater than 50 % and include atorvastatin 40–80 mg daily or rosuvastatin 
20–40 mg daily. Moderate intensity regimens should decrease LDL by 30–50 % and 
include atorvastatin 10–20 mg daily, rosuvastatin 5–10 mg daily, simvastatin 20–40 mg 

   Table 2.5    Statin therapy recommendation   

 Statin benefi t group  Risk category  Recommendation for therapy 

 Clinical CVD  Age under 75  High intensity statin therapy 
 Age 75 or older  Moderate intensity statin 

therapy 
 LDL ≥190  Age 21 or older  High intensity statin therapy 
 Diabetes, no clinical CVD, 

age 40–75, LDL 70–189 
 10 year global risk ≥7.5 %  High intensity statin therapy 
 10 year global risk <7.5 %  Moderate intensity statin 

therapy 
 Age 40–75, LDL 70–189, no 

diabetes, no clinical CVD 
 10 year global risk ≥7.5 %  Moderate to high intensity statin 

therapy 
 10 year global risk <7.5 %  Benefi t of statin therapy not 

clear, decision should be 
made based on discussion 
with patient and consider-
ation of additional risk 
factors 

   10 year global risk calculator can be found at:   http://my.americanheart.org/cvriskcalculator     
  Clinical CVD  includes coronary heart disease, stroke, peripheral arterial disease,  LDL  low density 
lipoprotein 
 Adapted from    Stone et al .  [ 83 ]  
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daily, pravastatin 40–80 mg daily, lovastatin 40 mg daily, or fl uvastatin 40 mg twice 
daily. Once a patient has started statin therapy it is recommended that lipids be 
checked in 4–12 weeks to assess adherence to therapy rather than checking to see if 
a goal has been reached. Lipids can then be monitored every 3–12 months depend-
ing on the patient [ 83 ]. 

 It is important to remember that for all patients, regardless of risk level, therapeu-
tic lifestyle change (diet and exercise) are integral to risk reduction. Studies have 
shown that women (and men) who adhere to lifestyle guidelines regarding diet, 
exercise, weight control, and abstinence from smoking have a markedly decreased 
risk of cardiac events compared to those who do not [ 86 ,  87 ]. These lifestyle recom-
mendations are also strongly endorsed in the 2011 AHA guidelines for the preven-
tion of cardiovascular disease in women.  

    Practical Points in Treatment 

 Statins are very effective in lowering LDL cholesterol and are fi rst line therapy in 
lipid management. There are various statins are available for prescription, all with 
demonstrated effi cacy, but differing in cost, potency, and side effect profi le. Statins 
also differ in how they are metabolized and whether they are more hydrophilic or 
lipophilic, thus affecting the side effect profi le of the medication and potential drug- 
drug interactions. 

 While statins are generally very well tolerated, any medication can have side 
effects. It is important to be aware of the potential side effects of statins when pre-
scribing and to inquire about adherence to therapy and possible side effects when 
following patients. This is especially critical when treating asymptomatic condi-
tions such as hyperlipidemia as patients may potentially stop therapy when faced 
with a side effect if they do not fully understand the benefi ts of treatment [ 88 ]. 
Women are more prone to medication side effects because of gender differences in 
pharmacokinetics (secondary to hormonal effects; liver metabolism, and differences 
in body size, and fat and muscle composition). Women also tend to take more medi-
cations than men do, an issue which only increases as women age and develop more 
medical issues [ 89 ]. 

 Typical statin adverse effects have been considered to be related to effects on 
liver and muscle. It is now felt that serious liver injury is quite rare and is idiosyn-
cratic [ 90 ]. Routine monitoring of liver tests is not effective in detecting or prevent-
ing liver disease and is more likely to lead to discontinuation of a clinically indicated 
and important medication in response to unrelated abnormalities. Liver function 
should be checked prior to initiating a statin and then as clinically indicated 
thereafter. 

 Myalgias, described as muscle pain, weakness, or cramping may occur with the 
use of statins, with muscle pain being reported in randomized controlled trials in 
1.5–3 % of participants [ 91 ]. The incidence in actual clinical practice is higher and 
is estimated at approximately 10 %. More serious effects of myopathy and rhabdo-
myolysis are much less common at between 5 and 11 and 1.6–3.4 per 100,000 

2 Classifi cation of Cardiovascular Disease Risk and Cardiovascular Disease



36

person- years respectively [ 92 ]. Given the infrequency of serious muscle effects, it is 
not recommended that clinicians monitor muscle enzyme (creatinine kinase) levels 
routinely but to check if muscle symptoms occur. Certain groups of patients are at 
higher risk of myalgias, including those who have low body mass, or are female, 
elderly, physically active, have a family history of muscle pain, hypothyroidism, are 
on a high dose of a statin, or have an elevated creatinine kinase level at baseline 
(which could signify a subclinical myopathy) [ 91 ]. Muscle effects are felt to be dose 
related so decreasing the dose of a statin or changing to a lower dose of a more 
potent statin can ameliorate muscle symptoms. The lipophilic statins (simvastatin 
and atorvastatin) have a higher incidence of being associated with myalgias than do 
the hydrophilic statins (pravastatin, rosuvastatin, and fl uvastatin) so changing to a 
different statin can also work to decrease muscle symptoms [ 91 – 93 ]. Rosuvastatin 
has a longer half life than other statins and has been tolerated and effective in meet-
ing lipid goals when given every other day or even weekly though effect of this 
strategy on cardiovascular outcomes have not been studied [ 94 ,  95 ]. 

 Cognitive effects have also been reported to occur with the use of statins. These 
symptoms are usually described as mental fogginess, or decreased memory or 
energy. While these effects have usually been described in observational studies, 
there has been a randomized controlled trial which showed a possible small effect 
in certain neuropsychological testing [ 96 ]. There is likely a higher risk of cognitive 
effects with the more lipophilic statins (atorvastatin and simvastatin) than the hydro-
philic statins (pravastatin and rosuvastatin) [ 97 ]. There is also the suggestion that 
women may be more affected by cognitive symptoms of fatigue and decreased 
energy [ 98 ]. Cognitive symptoms were reversible with symptoms resolution within 
days to weeks of discontinuing the statin. If a patient develops cognitive side effects 
then holding the statin for 4–8 weeks before restarting with a less lipophilic statin 
would be a reasonable approach to this side effect. 

 A mildly increased risk of diabetes has been observed with the use of statins [ 99 , 
 100 ]. The WOSCOPS study showed that there may have been a decreased risk of 
diabetes in participants treated with statins (relative risk of 0.7 with a confi dence 
interval of 0.50–0.99) although it is important to note that this study only included 
men. Evaluation of results from other studies showed a possible slight increase in 
risk though with confi dence intervals crossing one. The Jupiter trial (which included 
almost 40 % women) showed a slightly increased risk of diabetes (relative risk of 
1.25 with a confi dence interval of 1.05–1.49) [ 101 ]. Overall, a different meta- 
analysis showed an odds ratio of 1.09 (confi dence interval of 1.02–1.17) [ 102 ]. The 
risk is small and appears to be a medication class effect and not associated with any 
individual statin. A meta-analysis found that the risk appears to be higher in women 
and in older participants [ 101 ,  102 ]. An observational study noted trends showing 
higher risk in women with lower BMI (less than 25) compared with higher (greater 
than 30), and possibly a higher risk in Asian women [ 103 ]. It is critical to remember 
that for a patient with established cardiovascular disease or at moderate to high risk 
for cardiovascular disease, the benefi t of a statin outweighs the risk of diabetes and 
therapy should not be withheld based on the potential risk. For women at low risk 
of cardiovascular disease, the risks and benefi ts should be discussed and current 
guidelines reviewed.  
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    Special Considerations 

 Statins are contraindicated in pregnant and lactating women, because they have not 
been tested in this population. They should be used with caution in decompensated 
liver disease. There are signifi cant drug interactions between simvastatin or lovas-
tatin and other drugs which share the same metabolic pathway; it is important to 
review current prescribing information and precautions. There is an increased risk 
of myopathy with concurrent use of statins and fi brates [ 93 ]. The risk of myopathy 
is higher in older patients, especially in women, in patients with multisystem dis-
ease taking multiple medications with potential for interactions. However, with 
appropriate care, statins can be used safely in these patients [ 104 ].   

    Summary 

 In summary, this chapter has focused on the primary prevention of cardiovascular 
disease. The AHA guidelines on the prevention of cardiovascular disease in women 
have evolved as new information is learned and will continue to be refi ned as new 
evidence becomes available. These guidelines offer accessible, practical recommen-
dations that address lifestyle interventions, preventive and therapeutic pharmaco-
therapy, and cardiac risk assessment for CVD. Additionally, the 2011 guidelines 
address interventions  not  helpful, including hormone replacement therapy, in the 
prevention of CVD. There are currently two well-studied risk indices- the 
Framingham Risk Assessment and the Reynolds Risk Score, along with the new 
“Pooled Cohort Equations” as detailed in the 2013 ACC/AHA lipid guidelines [ 83 ], 
which can help providers identify at-risk women whose cardiac health may be opti-
mized. Based on the risk assessment, preventative and therapeutic measures can be 
individualized for each patient. 

 The crucial role of lipid control in both primary and secondary prevention of 
cardiovascular disease in women was also discussed in this chapter. Using guide-
lines for risk stratifi cation and encouraging therapeutic lifestyle changes and treat-
ment of lipids through the judicious use of statins is key. While statins are generally 
very well tolerated, most side effects can be managed through medication and dos-
age adjustment. 

 These guidelines are informed by an increasing body of work specifi cally focused 
on cardiovascular disease prevention in women and on elucidating differences in the 
underlying pathophysiology of cardiovascular disease between genders.     
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           Introduction 

 This chapter will cover the basic pathophysiology and symptom presentation of 
ischemic heart disease and will highlight the differences in heart disease between 
men and women. Heart disease affects millions of Americans and is the leading 
cause of death for both men and women in America [ 1 ]. Numerous risk factors for 
developing heart disease and the mechanisms by which a normal heart becomes a 
diseased heart have been previously identifi ed. Coronary atherosclerosis leading to 
obstruction of the epicardial coronary arteries has been identifi ed as the leading 
cause of heart disease. With this paradigm of coronary artery disease (CAD) in 
mind, clinicians typically evaluate and treat patients with angina with medications 
or interventions aimed at preventing or correcting obstructive CAD. 

 More recently, there have been observed differences in the incidence, preva-
lence, and burden of heart disease between men and women. This includes three 
striking observations: women have a higher prevalence of angina, a lower burden of 
obstructive CAD on angiography despite as many, if not more, traditional risk fac-
tors, and a worse prognosis for heart disease compared to men. All three of these 
observations are in the setting of a lower prevalence of obstructive CAD compared 
to men [ 2 ,  3 ]. Together, these observations have been termed the “gender paradox,” 
which cannot be explained solely with the pathophysiology of obstructive CAD. 
This gender paradox has led to the postulate that ischemic heart disease is different 
in women and in men in its pathogenesis, symptoms and prognosis. To further the 
understanding of heart disease in women, the National Heart, Lung, and Blood 
Institute (NHLBI) created an initiative which resulted in the Women’s Ischemic 
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Symptom Evaluation (WISE) study [ 4 ,  5 ]. The NHLBI-WISE is a prospective 
cohort study designed to study gender differences in ischemic heart disease. It 
recruited women that were referred for diagnostic angiography for symptoms of 
ischemic heart disease. A total of 936 women were recruited and then followed over 
time. Numerous studies and sub-studies have been analyzed on data collected from 
this cohort, which has contributed vastly to our understanding of differences in 
ischemic heart disease between men and women. 

 In looking at the numbers of patients presenting to medical care with angina, a 
certain percentage will not have clinically signifi cant obstruction of the coronary 
arteries. When comparing the sexes, women presenting with stable angina symp-
toms have been reported to have a signifi cantly lower incidence of obstructive CAD 
than men (48 % vs. 67 %) with an impressive odds ratio of 0.37 for women com-
pared to men [ 6 ,  7 ]. Evaluation of women with angina but without obstructive CAD 
on coronary angiography with phosphorus-31 nuclear magnetic resonance spectros-
copy, a non-invasive imaging technique that measures aerobic and anaerobic 
metabolites to tell if a tissue is ischemic, interestingly revealed that 20 % will still 
have evidence of myocardial ischemia, suggesting microvascular disease involve-
ment [ 8 ]. Clinically, this subset of women has worse cardiovascular outcomes com-
pared to women without evidence of ischemia [ 3 ]. Consequently, the nomenclature 
of Ischemic Heart Disease (IHD) has been suggested as a better term than CAD in 
order to encompass these patients with poor outcomes from heart disease who do 
not exhibit obstructive CAD [ 8 ,  9 ]. 

 A further concern with gender differences and heart disease is the difference in 
perception and reporting of myocardial ischemia. “Typical Angina” has been clas-
sifi ed as symptoms of pain in the chest that are aggravated by exertion and relieved 
by rest or nitroglycerine. Chest pain that does not follow this pattern is termed either 
atypical angina or non-cardiac chest pain. Unfortunately, women have long been 
underrepresented in studies of heart disease. Studies of women with proven heart 
disease have revealed that women frequently describe their angina pain in ways that 
do not fall under the classifi cation of “typical angina” [ 10 ]. 

    Gender Differences in Clinical Manifestation of IHD 

 The presentation of IHD in women is frequently more complex and multifactorial 
than that in men. Due to the difference in presentation of ischemic heart disease in 
women, the diagnosis and treatment of ACS in women in the pre-hospital setting as 
well as emergency department may be sub-optimal, resulting in missed diagnoses, 
delays in treatments, and excess mortality [ 11 ,  12 ]. The following section will 
review typical angina and atypical angina and will then highlight some of the differ-
ences between symptoms typically reported by men and women. 

    Typical Angina Symptoms 

 Obtaining a clinical history has long been the most valuable tool in the clinician’s 
diagnostic arsenal. Unfortunately, symptoms of cardiac ischemia vary between 
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patients which can make clinical diagnosis challenging. In order to have a common 
language for evaluating patients, the terms typical angina, atypical angina, and non- 
anginal chest pain have been standardized in the literature [ 13 ]. Three clinical ques-
tions help to classify a patient’s symptoms of chest discomfort: Is the discomfort 
sub-sternal? Is it precipitated by exertion? And, is there prompt relief with rest or 
nitroglycerine? If the patient’s symptoms affi rmatively follow all three of these 
clinical features, the symptoms are classifi ed as “typical angina.” Having two of the 
features classifi es symptoms as “atypical angina,” and having only one or none of 
the features classifi es symptoms as “non-anginal.” This system has been applied to 
a group of patients that underwent cardiac catheterization to determine how the 
symptoms correlated with presence or absence of obstructive CAD. The resulting 
data helped clinicians to assign a pre-test probability for obstructive CAD to patients 
based on age, sex, and classifi cation of angina. Women were found to have a lower 
incidence of CAD compared to men of similar age and with similar angina classifi -
cation with the notable exception of post-menopausal aged women with typical 
angina. While this classifi cation of angina has proven to be hugely useful in the 
study, diagnosis and treatment of coronary disease, two limitations should be kept 
in mind when evaluating the history provided by women. The fi rst is that it applies 
only to obstructive CAD that can be seen on angiography and was not developed to 
assess for microvascular disease. The second is that it places large emphasis on the 
symptom of chest pain. Other studies looking at prediction models for the preva-
lence of obstructive CAD in women based on symptom classifi cation, age, and 
gender have found that women have signifi cantly less obstructive CAD than would 
be predicted [ 14 ,  15 ]. 

 Figure  3.1  reproduces the Diamond probability of coronary artery disease com-
pared with actual observed coronary disease prevalence in symptomatic women 
from the National Heart, Lung, and Blood Institute Women’s Ischemia Syndrome 
Evaluation (WISE) [ 14 ].

       Symptoms Reported by Women 

 While both men and women will frequently report symptoms such as chest pain or 
pressure, symptoms reported by women also frequently fall into the classifi cation of 
atypical angina or non-angina pain rather than typical angina. This can make it chal-
lenging for clinicians to accurately estimate their pretest probability of heart dis-
ease. It is important to have an appreciation for the variation in angina symptoms 
between men and women. Women are more likely to have angina at rest, during 
sleep, or with emotional or mental stress. They are also more likely to have symp-
toms such as neck and shoulder pain, nausea, vomiting, fatigue or dyspnea during 
an acute myocardial infarction [ 16 ]. 

 Research on gender differences in symptoms has highlighted distinct differences 
in disease presentation. An observational study [ 17 ] of over one million patients 
with myocardial infarction demonstrated that while 70 % of men complained of 
chest pain, only 58 % of women complained of chest pain. Interestingly, this differ-
ence was most pronounced in younger women, and was not statistically signifi cant 
in older women. While chest pain is certainly present in the majority of women with 
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acute myocardial infarction, one study [ 18 ] demonstrated high rates of other symp-
toms including shortness of breath (58 %), weakness (55 %), and fatigue (43 %). 
Non-chest pain symptoms during the prodromal time leading up to a myocardial 
infarction were also frequently experienced. Notably, unusual fatigue (70 %), sleep 
disturbance (48 %), and shortness of breath (42 %) were more prevalent than chest 
discomfort (30 %). While actual symptom rates vary throughout the literature, the 
variety of non-chest pain symptoms in women remains impressive. A list of many 
of these common “atypical symptoms” is included in the Table  3.1  [ 10 ,  18 – 20 ].

   Awareness of the variety and frequency of symptoms other than chest pain is 
important for patients so that they might seek medical attention in a timely manner. 
Early recognition and treatment of an acute coronary syndrome can clearly improve 
outcomes, but disturbingly a recent review of emergency medical services found 
that only 23 % of patients call 9-1-1 when experiencing an acute coronary syndrome 
[ 21 ]. It is also important for clinicians to recognize symptoms so that they can 
appropriately diagnose and treat women presenting with cardiac ischemia. While a 
history of typical angina symptoms is frequently associated with obstructive CAD 
in both men and women, a history of atypical angina in a woman with the aforemen-
tioned symptoms should also warrant careful consideration by the clinician. Even in 
the absence of obstructive CAD, advances in diagnostic technology are increasingly 
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  Fig. 3.1    From the National Heart, Lung, and Blood Institute Women’s Ischemia Syndrome 
Evaluation (WISE), the Diamond probability of coronary artery disease ( open bars ) compared 
with actual observed coronary disease prevalence in symptomatic women ( solid bars ).  Atyp Ang  
atypical angina,  Nonang  non-angina,  Typ Ang  typical angina (Reprinted from “Shaw et al. [ 14 ] 
with permission from Elsevier)       
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identifying evidence of cardiac ischemia in symptomatic patients. This recognition 
of a pathophysiology for cardiac ischemia other than obstructive CAD could help to 
bridge the gap between lower rates of obstructive CAD in women with their high 
rate of poor cardiovascular outcomes. It is still unclear whether differences in the 
rates of underlying cardiac pathophysiology can help to explain some of the differ-
ences in symptoms experienced between the sexes. 

 Figure  3.2  reproduces the disparity between the lower incidence of myocardial 
infarction and worse outcomes in women compared to men [ 22 ].

  Table 3.1    Variety of 
symptoms reported by 
women during ACS  

 Chest pain 
 Neck/jaw/tooth pain 
 Arm/shoulder/back pain 
 Cold sweat 
 Hot/fl ushed 
 Fatigue 
 Weakness 
 Cough 
 Heart racing/palpitations 
 Shortness of breath 
 Loss of appetite 
 Indigestion/nausea/vomiting 
 Arm numbness or burning 
 Dizziness/lightheadedness 
 Vision change 
 Headache 
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  Fig. 3.2    Disparity between the lower incidence of myocardial infarction and worse outcomes in 
women compared to men (Reprinted from Merz. et al. [ 22 ] with permission from Elsevier)       
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        Pathophysiology of Ischemic Heart Disease 

 As mentioned in the introduction, there is a gender paradox in that women appear to 
have less obstructive CAD and yet worse cardiovascular outcomes compared 
to men. In order to solve this gender paradox, multiple pathologies in addition to 
obstructive coronary disease have been suggested as contributing to IHD. These 
include obstructive CAD, plaque morphology, microvascular dysfunction, endothe-
lial dysfunction, infl ammatory conditions, and hormonal infl uence as displayed in 
Fig.  3.3 .

      Obstructive Coronary Artery Disease 

 The heart is a muscular organ that receives its blood supply from the coronary arter-
ies originating at the aorta. These coronaries run along the epicardium before feed-
ing deep into the myocardium. The majority of coronary artery disease in both men 
and women arises from obstructive disease of the epicardial portion of these coro-
nary arteries. Without adequate blood fl ow from the coronary arteries, myocardial 
tissue becomes ischemic and loses its ability to effi ciently contract and conduct 
electrical signals. These vital epicardial arteries branch out from the aorta in similar 
patterns in both men and women, but women commonly have smaller coronary 
artery diameter and less collateral arteries branching off of the major epicardial 
coronary arteries than do men [ 23 ]. Obstruction of the coronary arteries is most 
attributable to the chronic accumulation of lipids in arterial walls by the process of 
atherosclerosis. Obstructive atherosclerosis is more commonly seen in men than 
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  Fig. 3.3    Multiple factors contributing to Ischemic Heart Disease (IHD) in women       
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premenopausal women, but post menopausal women develop obstructive 
 atherosclerosis at rates similar to those seen in men [ 24 ]. Major risk factors for the 
development of atherosclerosis include hyperlipidemia, hypertension, tobacco 
abuse, and diabetes mellitus. On a cellular level, in atherosclerosis, LDL deposited 
in the vessel walls triggers endothelial cells to signal monocytes. These monocytes 
differentiate into macrophages, which cross the endothelial wall and phagocytize 
the LDL particles. They then become lipid-laden foam cells that trigger smooth 
muscle cells to accumulate and develop a surrounding fi brous cap. With degradation 
caused by infl ammatory cells, the fi brous cap can rupture, which uncovers the 
thrombogenic lipid core. This triggers thrombus generation, which can cause 
obstruction of blood fl ow through the artery and myocardial ischemia. Acute plaque 
rupture as well as plaque erosion and chronic narrowing from atherosclerosis can be 
seen on coronary angiography by injecting contrast dye and visualizing disruption 
in fl ow through the epicardial coronary arteries [ 25 – 28 ].  

   Plaque Erosion vs Plaque Rupture 

 Autopsies performed on women who died from sudden cardiac death reveal gender 
differences in plaque morphology. Lipid laden plaques with a necrotic core are 
more prevalent in men and, as discussed above, will typically rupture leading to 
sudden exposure of infl ammatory cytokines and thrombus formation at the site of 
the plaque. Conversely, young women in particular have higher rates of plaques 
composed of smooth muscle and proteoglycan-rich matrix without a necrotic lipid 
laden core. In contrast to plaque rupture, these plaques without a necrotic core 
exhibit superfi cial erosion leading to thrombus formation. With plaque erosion, the 
core of the plaque remains intact and thrombi form after coming in contact with 
smooth muscle. Autopsies reveal thrombi at the site of plaque erosion as well as 
distal embolization of thrombi formed from plaque erosion [ 5 ,  29 – 32 ]. Importantly, 
these gender differences in plaque morphology tend to be most pronounced in 
younger pre-menopausal women whereas post-menopausal women generally have 
fewer differences in plaque morphology and incidence of obstructive CAD.  

   Remodeling 

 In response to atherosclerosis, coronary arteries undergo remodeling to preserve 
adequate blood fl ow. When plaques involve less than 40 % of the luminal area, 
“positive” or “outward” remodeling can lead to enlargement of the artery which 
preserves the intraluminal cross sectional area and blood fl ow [ 33 ]. Conversely, 
with “negative” or “inward” remodeling, the cross sectional area of the vessel is 
reduced and fl ow limitation is seen on coronary angiography. Whether a specifi c 
vessel will exhibit positive or negative remodeling continues to be an area of 
research, but some factors such as increased proteases from infl ammatory cells 
seem to correlate with more positive remodeling [ 31 ]. Authors have suggested 
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increased amounts of positive remodeling in women compared to negative 
 remodeling in men as a way to reconcile the more diffuse atherosclerosis, increased 
endothelial dysfunction, and increased microvascular dysfunction seen in women 
with the decreased amount of luminal obstruction observed on coronary angiogra-
phy compared to men [ 14 ,  29 ,  31 ,  34 ].  

   Microvascular Angina 

 In contrast to angina secondary to obstruction of the large epicardial coronary 
arteries, microvascular angina (previously referred to as cardiac syndrome X) is a 
term used to describe angina symptoms from ischemia originating in intramyocar-
dial microvascular arteries. As mentioned in the introduction of this chapter, 
women with chest pain presenting for angiography more frequently lack obstruc-
tive coronary artery disease than men presenting for angiography [ 6 – 8 ], suggest-
ing that there is a pathology other than obstructive coronary disease responsible 
for their symptoms. While the pathophysiology of microvascular angina is an 
ongoing topic of research, two of the major contributing factors appear to be 
endothelial-independent microvascular dysfunction and endothelial-dependent 
dysfunction [ 5 ]. This microvascular angina has been postulated to be more preva-
lent in women because of higher levels of infl ammation and hormonal changes 
throughout women’s lives. The higher prevalence of microvascular angina in 
women compared to men has led authors to address it primarily as a disease of 
women’s hearts [ 35 ].  

   Microvascular Dysfunction 

 Microvascular dysfunction refers to disease in small coronary resistance vessels 
measuring 100–200 μm. It can encompass the abnormal coronary reactivity that is 
attributable to distal embolization from coronary plaque erosion, smaller arterial 
size, and positive remodeling [ 22 ,  29 ]. In the WISE study, one subset of 159 women 
with angina and non-obstructive CAD on coronary angiography underwent coro-
nary fl ow reserve (CFR) testing. CFR was tested by injecting intracoronary adenos-
ine and measuring the coronary velocity response. The CFR was found to be 
decreased in 47 % of these women, indicating disease of the microvasculature even 
in the absence of obstructive CAD [ 29 ]. Nuclear Magnetic Resonance Spectroscopy 
(NMRS) is a non-invasive imaging technique that uses a probe to detect different 
quantities of chemicals in a sample. Cardiac NMRS was also used in the WISE 
study to look for myocardial ischemia by measuring phosphocreatine/adenosine tri-
phosphate ratio during handgrip exercise. Decrease in the phosphocreatine/adenos-
ine triphosphate ratio in the heart signifi es a shift from aerobic to anaerobic cellular 
metabolism, which indicates myocardial ischemia. In WISE, women with angina 
but no obstructive CAD, 20 % still showed evidence of myocardial ischemia on 
NMRS when performing handgrip exercise [ 8 ,  9 ,  36 ]. 
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 Retinal arteriolar narrowing is a noninvasive peripheral measure that can also be 
used to evaluate microvascular disease throughout the body [ 37 ]. In women with 
retinal arteriolar narrowing, there is an increased risk for development of IHD. In 
contrast, men with retinal arteriolar narrowing do not appear to have a signifi cantly 
increased risk of developing IHD. Together, this combination of functional and 
pathological fi ndings demonstrate that there are differences in the vasculature in 
men and women and suggests a signifi cant role for the microvasculature in IHD. 
While obstructive CAD is established as the predominant pathology in men, micro-
vascular disease appears to contribute disproportionately to the pathophysiology of 
heart disease in women.  

   Endothelial Dysfunction 

 Coronary endothelial function plays a role in regulating myocardial blood fl ow and 
can also be a predictor for future vascular disease. In the WISE study, investigators 
measured the change in coronary fl ow reserve in response to injections of acetyl-
choline (activating endothelial-dependent dilation), adenosine (non-endothelial- 
dependent microvascular dilation), and nitroglycerine (non-endothelial-dependent 
epicardial dilation) in women with angina but no obstructive CAD [ 38 ]. They iden-
tifi ed that women with a poor response to acetylcholine had a higher rate of adverse 
IHD outcomes over a 4-year follow up. This suggests that endothelial dysfunction 
independently predicted and likely contributed to IHD. This warrants further 
research and may indicate a potentially new therapeutic target. In addition to inva-
sive intracoronary injection of acetylcholine, brachial artery fl ow mediated dilation 
has been used as a peripheral measure of endothelial function and has also been 
correlated with increased IHD risk in women [ 5 ].  

   Risk Factors 

 Risk factors for microvascular dysfunction and endothelial dysfunction include 
many of the traditional risk factors associated with coronary atherosclerotic disease 
including obesity, dyslipidemia, hypertension, diabetes, and smoking. Increasing 
evidence also identifi es psychological factors including stress and depression as 
having signifi cant association with IHD and acute myocardial infarction [ 9 ,  39 – 42 ]. 
In women, and especially in post-menopausal women there is an increased cluster-
ing of many of the traditional risk factors for heart disease [ 5 ]. Additionally, vascu-
litis and general infl ammatory auto-immune diseases such as lupus, rheumatoid 
arthritis, and thyroiditis have been associated with cardiac disease [ 14 ,  32 ]. Many 
autoimmune diseases, such as rheumatoid arthritis (RA) and systemic lupus erythe-
matosus (SLE) have female predominance. Women with lupus in particular have 
been shown to have higher rates of cardiac disease beyond what would be estimated 
by their baseline traditional risk factors [ 43 ]. Accelerated atherosclerosis in patients 
with SLE and RA is associated with increased cardiovascular morbidity and 
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mortality [ 44 ]. Infl ammatory conditions are also more prevalent in women and 
 general rates of infl ammation as refl ected by elevated C-reactive protein have been 
shown to be elevated in women [ 14 ]. The combination of risk factor clustering, 
higher rates of depression, higher rates of vasculitis, and higher rates of general 
infl ammatory conditions could offer some explanation for the disproportionate bur-
den of heart disease and specifi cally higher rates of microvascular and endothelial 
dysfunction in women.  

   Hormonal Infl uence 

 Women also have an element of endothelial dysfunction that appears to correlate 
with hormonal changes throughout their lives and the lack of positive estrogenic 
effects on blood vessels after menopause [ 5 ,  42 ]. Estrogen has been identifi ed as a 
likely factor contributing to the lower risk of IHD in premenopausal women com-
pared to age matched male controls. After menopause, the reduction in estrogen 
appears to be accompanied by a decrease in its protective effects and an increase in 
the risk of IHD. Estrogen in the female heart appears to have a number of benefi cial 
effects, which notably include improved endothelial function and decreased fl ow 
resistance as well as improved vascular response to injury. Experimental evidence 
points to increases in nitric oxide production and up regulation of nitric oxide genes 
as a mechanism by which estrogen improves vasodilation. Estrogenic effects on 
Estrogen Receptors (ER) alpha and ER beta in the vasculature appear to play a 
major benefi cial role in fl ow resistance and vascular response to injury. 

 Microvascular angina encompassing endothelial-independent microvascular 
dysfunction and endothelial-dependent dysfunction is more prevalent in women 
than men. NHLBI-WISE also demonstrated that it portends a poorer prognosis in 
women independent of whether macrovascular dysfunction is present [ 22 ]. 
Additionally, in women with endothelial dysfunction there is also a signifi cant asso-
ciation with increased cardiovascular events [ 5 ,  45 ]. Through optimal blood pres-
sure control and improvement in the degree of measured endothelial dysfunction, 
some researchers have shown improvement in rates of IHD events [ 45 ,  46 ]. This 
both supports the major role of endothelial dysfunction in IHD and highlights blood 
pressure control as a target for improving IHD outcomes in women. 

 Figure  3.4  shows one proposed model for the pathophysiology of ischemic heart 
disease in women [ 5 ].

        Spontaneous Coronary Artery Dissection (SCAD) 

 Spontaneous Coronary Artery Dissection (SCAD) is a phenomenon that includes 
spontaneous dissection of the coronary intima or media and intramural hematoma 
formation. SCAD does not include dissections caused by plaque dissection in coro-
nary atherosclerosis, or trauma to the vessel wall during angiography. Rather, the 
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current consensus is that SCAD is a separate entity that can occur in a heart without 
prior atherosclerotic disease [ 47 – 49 ]. SCAD continues to be an active area of 
research and has several unique features that make it especially applicable to a dis-
cussion of the female heart. The true prevalence of SCAD is not known, but has 
been estimated at 0.1–0.28 % of patients with ACS that undergo angiography or 
post-mortem examination. A recent cohort study estimated the overall annual inci-
dence of SCAD as 0.26 per 100,000 persons. Despite this low overall incidence in 
the population, SCAD disproportionately affects women more than men (82 % vs. 
18 %) and is associated strongly with peripartum status, which uniquely impacts the 
female heart. 

   Presentation of SCAD 

 On presentation, patients with SCAD commonly complain of chest pain and are 
often diagnosed with an acute coronary syndrome [ 47 ]. The presenting ACS diagno-
ses include 49 % STEMI, 44 % NSTEMI, and 7 % unstable angina. Ventricular 
tachycardia or fi brillation on presentation has also been recorded in 14 % of patients 
and multivessel coronary dissection in 23 %. The acute nature of SCAD and possible 
out of hospital mortality has led authors to believe that the presentation for a number 
of SCAD patients could be out of hospital sudden cardiac death. More widespread 
autopsy use in sudden cardiac death (especially in younger or peri- partum women) 
could reveal a greater incidence of SCAD in the population. Additionally, intralumi-
nal hematoma formation without dissection is diffi cult to identify on angiography 
and could represent another area where SCAD is under diagnosed.  
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  Fig. 3.4    One proposed model for the pathophysiology of ischemic heart disease in women 
(Reprinted from Shaw et al. [ 5 ] with permission from Elsevier)       
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   Diagnosis and Morphologic Characteristics of SCAD 

 There are several imaging techniques available that can diagnose SCAD including 
coronary angiography, intravascular ultrasound, and multidetector CT. The acute 
presentation of SCAD frequently leads patients to undergo coronary angiography. 
With contrast visualization, SCAD has been characterized as an: “involved lumen 
surrounded by a secondary, communicating lumen resembling a halo that fi lls and 
empties slowly; involved lumen longitudinally separated into two or three spaces 
by dissecting lines; or, coronary aneurysm that is seen to communicate, via a nar-
row neck, with the main lumen” [ 49 ]. Intramural hematoma can also develop and 
progress to obstruction of the coronary lumen, which can be visualized angio-
graphically. Intravascular ultrasound further allows Doppler fl ow measurements 
to show fl ow into an intramural hematoma. Multidetector CT can noninvasively 
document SCAD and be used to follow change in the lesion(s) over time. Autopsy 
data, while limited in scope of practice, has helped to delineate the layers of coro-
nary artery dissection. 

 The inciting factor and sequence of events for SCAD is not clear, and may vary 
from patient to patient. Spontaneous luminal dissection could result in hematoma 
formation or spontaneous hematoma formation could cause the dissection. 
Regardless of the inciting factor, both sequences of events can lead to extension 
and luminal obstruction that is clinically recognized as an acute coronary 
syndrome. 

 Figure  3.5  shows a coronary Angiogram of a 38 years old female presenting with 
chest pain and found to have a dissection/hematoma of the left coronary system 
(arrow).

  Fig. 3.5    Coronary 
Angiogram of a 38 years old 
female presenting with chest 
pain and found to have a 
dissection/hematoma of the 
left coronary system ( arrow ) 
(Image Courtesy of John 
Malzewski)       

 

N. Paivanas et al.



57

      Predisposing Conditions for SCAD 

 Due to the low incidence, the total number of patients studied with SCAD is rela-
tively small. Despite this, several interesting associations have been recognized 
including fi bromuscular dysplasia, post-partum status, hormonal supplementation 
in women, and extreme physical activity in men [ 47 ]. SCAD has been indicated as 
the etiology of peripartum ACS in 16 % of patients. The change in hormonal status 
both in the post-partum patient and patient undergoing hormone supplementation 
might suggest that there is a role for alterations in the vasculature during these times 
which predisposes to SCAD. Fibromuscular dysplasia, which has been identifi ed in 
50 % of patients with SCAD, could be another predisposing factor which, under the 
right circumstances, can lead to SCAD. Extreme physical activity (more commonly 
seen in men than women with SCAD) could represent an inciting stress on an 
already predisposed vessel. While a single unifying genetic, hormonal, or environ-
mental cause has not yet been identifi ed in all patients with SCAD, it is not unrea-
sonable to approach it as a combination of multiple underlying predisposing factors 
manifesting in the right environment.  

   Management and Prognosis of SCAD 

 Management of SCAD has not yet been studied with randomized controlled  trials, 
and it would be very diffi cult to do so given the low incidence of the disease. Cohort 
studies and case reports give some data on outcomes with various interventions 
[ 47 ,  50 ], but because of their selection bias, have to be interpreted with caution. In 
a cohort of patients presenting with ACS and found to have SCAD on angiography, 
conservative management without intervention generally has resulted in the best 
outcomes with little acute in-hospital complications. Percutaneous coronary inter-
ventions are frequently much less successful in SCAD (65 % of patients) than in 
plaque mediated ACS and were frequently more complicated by failure to cross the 
lesion or propagation of the lesion leading to worse TIMI fl ow after the procedure. 
CABG has been seen as initially successful, but in one cohort 73 % of grafts that 
were placed were found to be occluded on follow up. While this data cannot defi ni-
tively indicate a single best approach, it importantly highlights the high complica-
tion rate and risk of harm with interventions for SCAD compared with the same 
interventions when utilized for plaque  mediated ACS. 

 Prognosis for patients after an initial SCAD event regardless of intervention 
appears to be better than that for other patients with ACS, with 1-year mortality esti-
mated at 1.1 % and 10 years mortality estimated at 7.7 %. The recurrence rate how-
ever is high with 17 % at 4 years and 29 % at 10 years. Patients with SCAD reportedly 
have less hyperlipidemia, hypertension, tobacco abuse, and diabetes mellitus. 
However, due in part to the high rate of recurrence, the overall 10 years survival free 
from the combined endpoints of death, recurrent SCAD, myocardial infarction, or 
congestive heart failure is similar to other patients presenting with ACS [ 47 ].    
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    Summary 

 Ischemic heart disease affects millions of American men and women. The gender 
paradox of increased ischemic heart disease burden in women despite decreased 
prevalence of obstructive CAD has led us to recognize that there is a variety of 
underlying pathophysiology that leads to ischemic heart disease. Obstruction in 
blood fl ow through the large epicardial coronary arteries through the process of 
atherosclerosis is recognized as the most common cause of ischemia in both male 
and female hearts. Dysfunction in the microvasculature through both endothelial 
independent microvascular disease and endothelial dependent disease is being 
increasingly recognized and is notable for its greater prevalence in the female heart. 
Hormonal, infl ammatory, and anatomic differences between the genders likely 
impact the different prevalence of epicardial and microvascular disease between 
men and women and continue to be active areas of research. The prevalence of vari-
ous symptoms of ischemic heart disease also differs between men and women. 
Many symptoms previously described as “atypical” are now understood to be part 
of the normal spectrum of IHD symptoms in women and should warrant appropriate 
evaluation for ischemic heart disease. The difference in underlying pathology 
between many male and female hearts may play a role in the difference in symptom 
presentation. Lastly, spontaneous coronary artery dissection, while an infrequent 
cause of acute coronary syndrome, is notable for its predilection for younger female 
hearts without traditional risk factors or presence of atherosclerosis. With research 
revealing more about the hormonal, infl ammatory, and anatomic differences in male 
and female hearts, strategies for diagnosing and managing ischemic heart disease 
are increasingly tailored with respect to gender.     
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           Introduction 

 Cardiovascular disease is the leading cause of mortality for women in the United 
States [ 1 ]. Annual population statistics continue to report a greater number of deaths 
from major cardiovascular diseases for women than men [ 2 ]. A recent update from 
the American Heart Association reported that a greater proportion of women die of 
sudden cardiac death than men [ 1 ]. When compared to men, more women have 
more heart failure and strokes after their fi rst myocardial infarction. Approximately 
one third more women than men die in the hospital with an acute myocardial infarc-
tion. If they do leave the hospital, women die more often within 1 and 5 years of 
their fi rst myocardial infarction as compared to men [ 1 ]. 

 The evaluation of CAD in women presents a diffi cult and unique challenge for 
clinicians, due to their greater symptom burden, lower functional capacity, worse 
clinical outcome, and lower prevalence of obstructive CAD than men [ 3 ]. Table  4.1  
lists the multiple factors affecting the accuracy of diagnostic testing in women [ 4 ]. 
However, the worse outcomes noted in women highlight the importance of non- 
invasive testing in early identifi cation of women at risk of CAD.

   Based on the Women’s Ischemia Syndrome Evaluation (WISE) study, the assess-
ment of CAD in women should not just focus on epicardial disease but also on 
abnormal coronary reactivity, microvascular dysfunction and distal microemboliza-
tion. These factors not only contribute to higher rates of angina and ischemia in 
women, but also to their clinical outcome. 

    Chapter 4   
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 This chapter focuses on the noninvasive evaluation of CAD in women. Various 
classic and novel methods of establishing risk and diagnosing CAD are discussed 
along with specifi c benefi ts and pitfalls of each approach. A proposed approach is 
included at the end.  

    Noninvasive Diagnostic Testing 

 Noninvasive testing is used in the diagnosis and risk stratifi cation of CAD to better 
identify patients who would benefi t from medical therapy or revascularization pro-
cedures, as well as to exclude CAD. Although substantial research efforts have been 
made to improve the diagnosis and treatment strategies for women at risk, the detec-
tion of CAD in women can be problematic. A great challenge in diagnostic testing 
in women is selecting the appropriate test for the patient. Establishing pre-test prob-
ability is imperative to achieving optimal incremental value in post-test information. 
Thus selection of candidates for diagnostic testing is based on Bayesian theory, in 
which the post-test likelihood becomes a function of the patient’s pre-test risk [ 5 ]. 
In low-risk women, the change from pre-test to post-test risk estimation is minimal. 
However, non-invasive testing is most useful in the intermediate-risk population, as 
it may shift women to lower-risk cohorts with negative test results, or higher-risk 
cohorts with abnormal results. 

 Early detection of ischemic heart disease is especially important in symptomatic 
women. As mentioned before, women with CAD experience worse outcomes than 
men, irrespective of age. These gender based differences exist as women tend to 

   Table 4.1    Factors affecting accuracy of diagnostic testing in women   

 Lower prevalence of coronary artery disease 
 Higher prevalence of non-ischaemic chest pain (microvascular abnormalities, mitral valve 

prolaps) 
 Less predictive symptomatology 
 Limited exercise tolerance due to older age at initial diagnosis 
 Different response to exercise than men 
  Limited exercise capacity (mostly due to older age) 
  Lower peak exercise values 
  Lesser increase in left ventricular ejection fraction 
  Increase in cardiac output by enhancing end-diastolic volume 
  Inappropriate catecholamine release 
 Hormonal infl uences of oestrongens mimicking digitalis-like false positive ECG response 
 Anatomical differences affecting stress test results 
  Female breast attenuation artefacts 
  Smaller coronary artery size 
  Smaller left ventricular chamber size 
 Higher prevalence of single vessel disease 

  Reprinted with permission from [ 4 ]  
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have more advanced disease, due to lack of early recognition and management. 
Accurately chosen noninvasive diagnostic tests can be useful in identifying women 
at the earliest stage of presentation so that appropriate therapeutic strategies can be 
implemented early on to improve the outcomes [ 4 ,  6 ,  7 ].  

    Establishing Risk 

 In the asymptomatic woman the goal of risk assessment is to identify those patients 
at increased risk of developing CAD. This can be achieved by various methods 
including patient history, risk factors, risk prediction scores, and biomarkers. 

 Various risk scores have been developed which incorporate numerous risk factors 
and attempt to stratify patients into low, intermediate or high risk categories. The 
Framingham risk score (FRS) is a global risk score which utilizes traditional risk 
factors for CAD including age, smoking, blood pressure, diabetes, and cholesterol 
values [ 8 ]. Women with low, intermediate, and high FRS have expected annual rates 
of CAD death or myocardial infarction of less than 0.6 % (low risk), 0.6–2.0 % 
(intermediate risk), and greater than 2 % (high risk), respectively. However, the FRS 
often underestimates risk in women [ 9 ]. In the Multi-Ethnic Study of Atherosclerosis, 
when excluding women with diabetes and those older than 79 years, 90 % of women 
were classifi ed as “low risk” based on the FRS [ 10 ]. The use of coronary artery 
calcium scoring led to signifi cant re-classifi cation in this cohort. 

 The Reynolds risk score is a recently derived and validated gender-specifi c tool 
for predicting incident cardiovascular events (myocardial infarction, ischemic 
stroke, coronary revascularization, and cardiovascular death) [ 11 ]. The score 
includes age, systolic blood pressure, high-sensitivity C-reactive protein, total cho-
lesterol, high density lipoprotein cholesterol (HDL), hemoglobin A1c, smoking sta-
tus, and family history of premature myocardial infarction. When compared to the 
FRS, use of the Reynolds score resulted in risk reclassifi cation in >40 % of interme-
diate FRS women. 

 The novel risk marker used in the Reynolds risk score, high-sensitivity C-reactive 
protein (hsCRP), has been shown to improve detection of CAD in women. Women 
on average have greater mean CRP measures from early age as compared to men 
[ 12 ]. It appears that this difference in CRP accounts for greater frequency of infl am-
matory mediated autoimmune diseases in women as compared to men, suggesting a 
possible role of infl ammation in gender difference of CAD. Studies have shown that 
the relative risk of future cardiac events increases proportionally with increasing 
levels of hsCRP, thus accelerating risk [ 13 ,  14 ]. A position paper from the European 
Society of Cardiology noted that CRP is one of the best candidates for screening; 
however, evidence is lacking to recommend its routine use [ 15 ]. They noted that a 
CRP >3 mg/L reclassifi ed only 5 % of intermediate risk women. Thus CRP has the 
greatest utility when is combined with the Reynolds risk score. 

 Several other risk factors are worth mentioning given the substantial gender- related 
variability in the prevalence and outcome associated with them. Hypertriglyceridemia 
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is a potent independent risk factor for ischemic heart disease in women as compared 
to men [ 16 ]. In a meta-analysis of 17 studies hypertriglyceridemia increased the risk 
for coronary heart disease by 32 % in men and 76 % in women [ 17 ]. In a report from 
the WISE study, women with metabolic syndrome have an increased prevalence of 
subclinical disease and are at a two-fold higher relative risk for cardiac events as com-
pared to women with a normal metabolic status [ 18 ]. 

 Hormonal changes throughout a woman’s lifetime also appear to play a key role 
in their risk for ischemic heart disease. Ovarian dysfunction, as seen in functional 
hypothalamic amenorrhea as well as polycystic ovarian syndrome, has been shown 
to be associated with premature atherosclerosis [ 19 ,  20 ]. A recent meta-analysis 
found that preeclampsia doubles the risk for subsequent ischemic heart disease [ 21 ]. 
Thus, obtaining a gynecological and obstetrical history can aid in further risk 
stratifi cation. 

 An interesting new tool on the horizon is a gene expression score (GES) which 
was recently developed and validated as a reliable diagnostic approach in the assess-
ment of non-diabetic patients, especially women, with suspected obstructive CAD 
[ 22 ]. The algorithm uses gender, age, and the expression level of 23 genes which 
then generates a score on a 1- to 40-point scale, where increasing scores indicate 
increasing likelihood of obstructive CAD. As compared to symptom or myocardial 
perfusion imaging diagnostic approaches, the GES performed similarly in women 
and men. The GES may be especially helpful in the assessment of obstructive CAD 
in non-diabetic women for whom the use of symptoms and functional testing has 
proven unreliable. In future decades further advances in genetically based risk strat-
ifi cation will allow for more tailored gender-based evaluation of CAD risk.  

    Evaluation of Atherosclerotic Burden 

 The noninvasive measurement of atherosclerotic burden is another great tool for 
evaluating women at risk of adverse ischemic events. An established tool used in 
clinical practice is the ankle brachial index. Studies have shown that in women, the 
prevalence of an ankle brachial index ≤0.90 increases with age (approximately 
<5 % for women <60 years of age, up to 10–35 % in women 60–80 years of age) 
and is more prevalent in Black and Hispanic women [ 23 ,  24 ]. The 10-year cardio-
vascular mortality for an ankle brachial index ≤0.90 even after adjusting for the 
Framingham Risk score was signifi cantly elevated in women (HR 3.0, 95 % CI 
2.0–4.4) and men (HR 2.9, 95 % CI 2.3–3.7) [ 25 ]. 

 Novel imaging techniques have allowed further evaluation of subclinical CAD 
in women. The roles of carotid intima media thickness (IMT) as well as presence of 
focal plaques detected by ultrasonography have been extensively studied as sub-
clinical atherosclerotic markers. In women a low risk carotid IMT was associated 
with a ~1 % 10 year coronary heart disease risk versus ~10 % for a high risk carotid 
IMT [ 26 ]. A higher carotid IMT predicted a relatively greater risk of coronary heart 
disease for women than men [ 27 ]. 
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 The measurement of coronary calcifi cations using coronary CT is another useful 
marker of atherosclerotic disease burden. Coronary artery calcium (CAC) measure-
ments, with either electron beam tomography or multidetector CT, are calculated 
and translated into a mean Agatston score which further places patients in various 
risk categories. In one study of 220 women with a normal coronary arteriogram, 
none had detectable CAC thus yielding a negative predictive value of 100 % [ 28 ]. 
However, women with moderate (≥100) or high (≥400) CAC scores had greater 
prevalence of obstructive coronary disease in the same study. In a large cohort of 
over 10,000 asymptomatic patients (>4,000 women), the extent of CAC was an 
independent and incremental estimator of all-cause mortality [ 29 ]. For women, as 
compared to a CAC score of ≤10, the risk-adjusted relative risk ratios for all-cause 
mortality were elevated according to increasing CAC values: 2.5 for a CAC value of 
11–100, 3.7 for CAC of 101–400, 6.3 for a CAC of 401–1,000, and 12.3 for a CAC 
of >1,000 (p < 0.0001). Importantly, in this large cohort, for a given CAC score mor-
tality rates were 3–5 fold higher for women as compared to men – thus suggesting a 
need for gender-specifi c cutoff values. Calcifi ed plaque burden parallels overall 
plaque burden as CAC is almost always present in cases of angiographically signifi -
cant CAD, and thus demonstrates great sensitivity but low specifi city since detection 
of calcifi cation implies atherosclerosis, but it is not specifi c for luminal obstruction 
and does not reveal the hemodynamic signifi cance of the stenosis [ 4 ]. However, the 
test has a high negative predictive value when no calcifi cations are identifi ed.  

    Exercise Stress Testing 

 The exercise ECG is the oldest and most commonly used form of stress testing. 
Multiple studies have shown profound gender differences when using treadmill 
ECG testing. According to the ACC/AHA exercise testing guidelines, women 
should undergo exercise testing if they are at an intermediate pretest probability for 
CAD on the basis of symptoms and risk factors, have a normal ECG, and are capa-
ble of maximal exercise [ 30 ]. However, exercise ECG testing has diminished accu-
racy in women. In a meta-analysis of over 3,000 women undergoing exercise ECG 
studies, the sensitivity and specifi city were 61 and 70 % respectively for detection 
of obstructive CAD [ 31 ]. In similar studies, the mean sensitivity and specifi city in 
men were 72 and 77 %, respectively [ 30 ]. 

 Several factors account for gender based differences in the accuracy of exercise 
ECG testing. Women tend to have lower CAD prevalence and a greater prevalence 
of single-vessel disease as compared to men, they tend to be older when they pres-
ent, and women have decreased exercise tolerance – all factors contributing to a 
decreased ability of the test to induce ischemia and ST depression thus limiting 
accurate identifi cation of women with CAD [ 7 ]. Women more often have resting 
ST-T wave changes and lower ECG voltage [ 32 ]. 

 Several studies have shown that signifi cant exertional ST segment depression in 
women did not differ between those surviving vs. those dying from cardiovascular 
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death during a follow up period of 20 years [ 33 ,  34 ]. However, marked ST segment 
changes (≥2 mm ST depression, horizontal or downsloping) occurring at low work-
loads or persisting into recovery confi rmed high risk status for women [ 32 ]. 

 The use of the Duke treadmill score (DTS) has been shown to improve the accu-
racy of exercise ECG testing in women. The DTS is defi ned as exercise time – 
(5 × ST deviation) – (4 × chest pain [1 = nonlimiting, 2 = limiting]). In a study of over 
900 symptomatic women undergoing exercise ECG testing followed by coronary 
angiography, signifi cant coronary stenoses (≥75 %) were present in 19, 35, and 
89 % of low-, moderate-, and high risk women based on their DTS risk categories 
[ 35 ]. Another study of >5,000 asymptomatic women evaluated the association of 
the DTS and mortality [ 36 ]. They noted that after adjusting for the FRS, the risk of 
death decreased by 9 % for each unit increase in the DTS. Those women with a DTS 
<5 (moderate or high risk) had hazard ratios for death and cardiac death that were 
2.2 and 2.5 times greater, respectively, than did those who had a DTS ≥5 (low risk), 
after adjusting for the FRS. 

 Functional capacity is a major predictor of adverse coronary events and all-cause 
mortality in both men and women. Women often have lower functional capacity as 
compared to men and have a greater functional decline with age [ 37 ]. Sedentary 
women are often incapable of performing greater than fi ve metabolic equivalents 
(which are required to proceed to stage II of the aggressive Bruce protocol) due to 
excessive dyspnea and premature fatigue, thus leading to inadequate diagnostic infor-
mation. In the abovementioned study of over 900 asymptomatic women, the investi-
gators noted that the predictive value of the DTS was entirely due to the exercise 
component of the score. For each one metabolic equivalent increase in exercise 
capacity, the mortality was decreased by 17 % after adjusting for the FRS [ 36 ]. 

 To better approximate performance during exercise ECG testing, it is important 
to estimate a woman’s ability to perform activities of daily living as a guide to 
approximate peak metabolic equivalent levels. The Duke Activity Status Index 
(DASI) is a brief, self-administered, 12 item questionnaire which evaluates a sub-
jects’ ability to perform a variety of common activities of daily living, and was 
found to be a valid measure of functional capacity [ 38 ]. In the WISE study, two 
thirds of the cardiac events in women occurred in those with an estimated capacity 
of less than 4.7 DASI metabolic equivalents [ 39 ]. Women achieving less than 4.7 
metabolic equivalents had a 3.7 fold increased risk of death or non-fatal myocardial 
infraction when compared to women reporting higher functional capacity. In the 
same study, each one metabolic equivalent increase in the DASI score was indepen-
dently associated with an 8 % decrease in the risk of major adverse cardiovascular 
events. The current exercise testing guidelines support referral to pharmacologic 
stress testing with imaging in patients with submaximal exercise capacity [ 30 ]. 

 The heart rate response further aids in risk stratifi cation of women. The inability 
to reach 85 % of maximum age-predicted heart rate (HR) in women has been asso-
ciated with a higher likelihood of CAD as well as with a decreased survival [ 40 ,  41 ]. 
Heart rate recovery in the fi rst few minutes also improves risk assessment. In a 
study of 720 women undergoing exercise ECG testing and subsequent coronary 
angiography, 30 % had an abnormal HR recovery (defi ned as a decrease of HR 
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12 bpm or less in the fi rst minute of recovery), which was independently predictive 
of death after adjustment for multiple covariates (HR 1.5, 95 % CI 1.2–1.9) [ 42 ]. 
Data on blood pressure response to exercise have been inconclusive in women. 

 Hormonal factors also play a role in exercise testing. Endogenous estrogen may 
have a digoxin-like effect thus promoting higher false positive exercise ECG rates 
in premenopausal women [ 3 ]. Angina and ischemia have been shown to vary by the 
menstrual cycle as well [ 43 ]. In the luteal/menstrual phase, where estradiol levels 
are low, a greater prevalence of ischemia and reduced time to ischemia onset have 
been noted. In postmenopausal women, hormone replacement therapy may result in 
false negative test results due to its vasodilatory properties [ 3 ]. 

 Up until recently, there has been a lack of randomized controlled trials to guide 
diagnostic decisions in women thus resulting in variability of utilization patterns of 
various testing strategies. A recent randomized trial (What Is the Optimal Method 
for Ischemia Evaluation in Women [WOMEN] trial) of 824 symptomatic middle- 
aged (median = 62 years) women with suspected CAD evaluated the incremental 
value of myocardial perfusion imaging in clinical decision making over standard 
exercise ECG testing [ 44 ]. At 2 years of follow-up there was no difference in major 
adverse events (CAD death or hospitalization for acute coronary syndrome or heart 
failure) between both groups. Thus in low risk women, capable of exercise, the use 
of exercise ECG as the initial diagnostic strategy yielded similar outcomes to myo-
cardial perfusion imaging but with signifi cant diagnostic cost saving. 

 The exercise ECG is a commonly used form of stress testing; however, women 
who have an abnormal resting ECG, a decreased exercise capacity, or diabetes mel-
litus may need to undergo cardiac imaging with either exercise or pharmacologic 
stress.  

    Stress Echocardiography 

 Stress echocardiography is a useful tool not only for evaluation of stress induced 
ischemia but also for systolic and diastolic dysfunction, and the extent of ischemia 
and infarction. Assessment of valvular heart disease, or pericardial abnormalities 
can also help reveal an alternate explanation for symptoms of dyspnea or chest pain. 
Exercise echocardiography can be performed via a treadmill or bicycle, while for 
patients who cannot exercise, dobutamine is the most commonly used pharmaco-
logic stress agent. Stress echocardiography has been shown to have high accuracy 
in detecting CAD in women. 

 Based on a compilation of meta-analyses on the diagnostic accuracy of stress 
echocardiography in women, the mean sensitivity was 84 % and mean specifi city 
was 76 % [ 3 ]. When comparing exercise echocardiography to an exercise score 
(encompassing exercise ECG interpretation and exercise capacity and hemodynam-
ics) in women, exercise echocardiography had higher sensitivity and specifi city 
[ 45 ]. In a meta-analysis specifi cally comparing exercise ECG, exercise echocar-
diography, and exercise thallium for the diagnosis of angiographically confi rmed 
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CAD in women, the investigators found that exercise echocardiography had the 
highest sensitivity and specifi city of all three modalities [ 31 ]. Although stress echo-
cardiography has somewhat lower sensitivity for detecting intermediate stenoses or 
single-vessel CAD, its high negative predictive value makes it particularly useful 
test to exclude ischemia in younger women [ 46 ]. Exercise echocardiography appears 
to have the best balance between accuracy and cost for the diagnosis of coronary 
artery disease in women as compared to exercise ECG [ 47 ]. 

 Dobutamine stress echocardiography (DSE) has been found to have a mean sen-
sitivity of 80 % and specifi city of 84 % in a large meta-analysis, both higher than 
pharmacologic stress testing with adenosine or dipyridamole [ 48 ]. One study of 306 
patients (96 women), found that the overall specifi city and the regional accuracy of 
DSE was higher in women than in men [ 49 ]. 

 Stress echocardiography has been shown to be useful for determining cardiovas-
cular prognosis in women. One study showed that the results of exercise echocar-
diography have comparable implications in both men and women when evaluating 
outcomes of cardiac death and nonfatal myocardial infarction [ 50 ]. A large study 
examined the 5-year mortality in 4,234 women undergoing exercise or dobutamine 
stress echocardiography [ 51 ]. Risk-adjusted 5-year survival was 99.4, 97.6, and 
95 % for exercising women with no, single, and multi-vessel ischemia. Signifi cantly 
worse survival was noted for women undergoing dobutamine stress, where 5-year 
survival was 95, 89, and 86.6 % for those with no, single, and multi-vessel isch-
emia. A more recent study of over 8,000 patients (3,208 women) undergoing stress 
echocardiography (exercise, dobutamine, and dipyridamole) evaluated its prognos-
tic value of suspected and known CAD [ 52 ]. In patients with known CAD, women 
had a higher event rate than men in the presence of ischemia. The annual event rate 
of death or nonfatal MI was 7.0 % in women and 5.8 % in men with CAD (p = 0.08). 
The annual event rate was 2.4 % in women and 3.6 % in men with suspected CAD 
(p < 0.0001). 

 Limitations to stress echocardiography include poor acoustic windows due to 
obesity or breast tissue as well as lung disease; however lack of radiation makes it 
an attractive option. In women, stress echocardiography with exercise or dobuta-
mine is an effective and accurate noninvasive method of detecting ischemia and risk 
stratifying symptomatic women with intermediate to high pretest likelihood of 
CAD.  

    Myocardial Perfusion Imaging 

 Changes in myocardial perfusion are one of the fi rst manifestations in the time 
course of the ischemic cascade, preceding wall motion abnormalities, ECG changes, 
and symptoms (Fig.  4.1 ). Myocardial perfusion imaging may thus provide a more 
precise measure of estimating CAD risk. Myocardial perfusion can be evaluated in 
women using single-photon emission computer tomography (SPECT), positron- 
emission tomography, or cardiac magnetic resonance (CMR).

K.M. Zareba and H.Z. Mieszczanska



69

       Nuclear Myocardial Perfusion Imaging 

 The most commonly nuclear based myocardial perfusion imaging technique used 
today is single-photon emission computer tomography (SPECT) which can provide 
information on perfusion defects, global and regional ventricular function, and left 
ventricular volumes. 

 The average diagnostic accuracy based on several meta-analyses of stress SPECT 
imaging in women reveals a sensitivity of 81 % and specifi city of 66 % [ 3 ]. In a 
study evaluating patients with known and suspected CAD, when correcting for 
selection bias, the sensitivity and specifi city results did not differ signifi cantly 
between men and women [ 54 ]. Another study comparing the diagnostic accuracy of 
thallium-201 (Tl-201) with gated technetium-99m (Tc-99m) sestamibi SPECT in 
women noted that the sensitivity for detecting CAD was similar for both tests [ 55 ]. 
However, specifi city improved dramatically from 67 % for Tl-201 to 92 % for gated 
Tc-99 sestamibi SPECT. When focusing on symptomatic postmenopausal women 
undergoing exercise or pharmacologic stress ECG gated SPECT imaging, the sen-
sitivity and specifi city were both 88 % [ 56 ]. In men and women with left bundle-
branch block, vasodilator pharmacologic stress SPECT imaging has been shown to 
be more accurate than exercise perfusion imaging in the identifi cation of CAD [ 57 ]. 

 Multiple large studies have demonstrated the powerful predictive value of myo-
cardial perfusion imaging in women. In a study of 3,402 women and 5,009 men 
with symptoms, stress SPECT imaging had a similar prognostic ability regardless of 
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  Fig. 4.1    Ischemic cascade (Reprinted with permission from [ 53 ])       
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gender [ 58 ]. For women without ischemia the 3 year survival rates were 99 % as 
compared to 85 % for those with ischemia of three vessel territories. A normal myo-
cardial perfusion study demonstrated an annual cardiac event rate of <1 % in pooled 
data from more than 7,500 women [ 5 ]. The abovementioned study of postmeno-
pausal women undergoing SPECT imaging also evaluated 5-year occurrence of 
hospitalization for acute coronary syndrome, myocardial infarction and new onset 
or worsening angina [ 56 ]. Cox survival analysis showed a 5-year cumulative event- 
free survival rate of 94 % for patients with normal test results, as compared to 48 % 
for those with abnormal SPECT scans. Dual-isotope myocardial perfusion imaging 
yields incremental prognostic value in both men and women; however, it is able to 
identify high risk women more accurately than high risk men [ 59 ]. 

 Diabetic women are a special high risk group of patients for which myocardial 
perfusion imaging is especially benefi cial in predicting outcomes. In a study of men 
and women with and without diabetes, the survival rates (both for death and death 
or myocardial infarction) for diabetic women were the lowest for any amount of 
ischemia as compared to all other groups [ 60 ]. Cardiac event rates were signifi -
cantly higher among the 451 diabetic women than in the 1,635 nondiabetic women 
(8 % vs. 3.2 %, respectively; p < 0.01). Another study of over 5,000 patients (~50 % 
women) showed that dual isotope adenosine SPECT imaging provided incremental 
value over pre-scan data for the prediction of cardiac death in both genders [ 61 ]. 
Similarly, this study illustrated that diabetic women and patients with insulin- 
dependent diabetes had a signifi cantly greater risk of cardiac death than other 
patients for any SPECT result. 

 A recent study evaluated the effect of gender on the prognostic information 
obtained from left ventricular volume indices and ejection fraction in a SPECT 
studies [ 62 ]. ECG-gated SPECT studies were evaluated for end-systolic and dia-
stolic volume indices as well as ejection fraction in 891 patients (43 % women), and 
were used to predict hard cardiac events as well as the combined endpoint of all- 
cause mortality or non-fatal myocardial infarction. The investigators noted that 
women had smaller left ventricular volume indices and higher ejection fraction 
despite equivalent rates of hard cardiac events and the combined endpoint men-
tioned above. Thus, in women, the risk of subsequent events starts at smaller vol-
ume indices compared to men despite similar risk profi les. 

 There are several important limitations to SPECT imaging in women [ 32 ]. 
Women have smaller hearts raising the possibility that smaller areas of reduced 
myocardial perfusion may be missed as a result of limitation in spatial resolution. 
Breast tissue attenuation and obesity can interfere with image quality and cause 
false positive results. As SPECT fl ow is comparatively assessed across the myocar-
dium, it can appear normal in the setting of global reductions in perfusion such as 
multi-vessel CAD, diffuse endothelial or microvascular disease, left ventricular 
hypertrophy, or cardiomyopathy [ 53 ]. Lastly, radiation exposure is of concern. The 
addition of ECG gating, attenuation correction protocols, and use of higher energy 
radioisotope technetium (which allowed lower dosing) have made SPECT imaging 
less problematic in women. Newer techniques such as ultrafast cardiac SPECT 
cameras with cadmium-zinc-telluride (CZT) -based detectors are faster, produce 
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higher quality images as compared to conventional SPECT cameras, and may allow 
lower mean radiation dose and shorter imaging time [ 63 ]. Recent reports of stress 
SPECT imaging with only 4–5 mCi Tc-99m dose and a 12–16 min acquisition time 
in non-obese patients have been feasible, thus decreasing the patient’s time in the 
imaging laboratory and decreasing the patient’s radiation exposure [ 64 ]. Use of 
stress only protocol with this camera in patients with symptoms, presence of cardiac 
risk factors, but no prior history of CAD, can allow ultra-low dose of radiation (only 
1–2 mSv), which may be especially useful in women. 

 Stress myocardial perfusion imaging is recommended for symptomatic women 
with intermediate to high pretest likelihood of CAD. Intermediate risk women, who 
have normal test results are unlikely to have CAD and usually do not need further 
testing. A normal SPECT in women has an excellent negative predictive value of 
99 % and carries a very low event rate (<1 %) [ 65 ,  66 ]. 

 Table  4.2  presents a comparison of diagnostic accuracy of commonly ordered 
tests.

       Positron Emission Tomography 

 Myocardial perfusion imaging with the use of positron emission tomography (PET) 
is a novel tool which appears to be promising in women. Although gender based data 
is limited, diagnostic accuracy is very comparable in men and women, with a pooled 
mean sensitivity of 90 % and specifi city of 89 % [ 67 ]. PET imaging has several 
advantages in women compared to SPECT, including superior spatial resolution, 
improved attenuation correction, and the additional data of blood fl ow [ 68 ]. This last 
advantage is particularly important in women as it permits quantifi cation of regional 
and global myocardial blood fl ow to assess microvascular disease. In a study of 
1,432 patients (~50 % women), vasodilator stress rubidium-82 PET myocardial per-
fusion imaging provided incremental prognostic value to historical and clinical vari-
ables as well as rest EF in predicting cardiac death or nonfatal myocardial infarction 
as well as all-cause death [ 69 ]. Of note, the effective radiation dose appears slightly 
greater for PET when compared to single isotope rest-stress SPECT imaging [ 70 ].  

   Table 4.2    Comparison of diagnostic accuracy of commonly ordered tests   

 Exercise 
electrocardiography 

 Stress 
echocardiography  Stress SPECT 

 Author, year (Ref.) 
 Sensitivity 
(%) 

 Specifi city 
(%) 

 Sensitivity 
(%) 

 Specifi city 
(%) 

 Sensitivity 
(%) 

 Specifi city 
(%) 

 Fleischmann et al., 1998 
[ 94 ] 

 –  –  85  77  87  64 

 Kwok et al., 1999 [ 31 ]  61  70  86  79  78  64 
 Beattie et al., 2003 [ 95 ]  –  –  81  73  77  69 
 Average  61  70  84  76  81  66 

  Reprinted with permission from [ 3 ]  
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    Cardiovascular Magnetic Resonance 

 Cardiac magnetic resonance (CMR) has developed progressively over the past few 
decades and, in its present form, provides a comprehensive cardiovascular assess-
ment. It is the single imaging technology which can assess left and right ventricular 
function and mass, detailed anatomic evaluation of cardiac morphology and vascu-
lature, as well as perfusion, viability, and metabolism. Myocardial cardiac perfusion 
images can be collected at rest and under stress (pharmacologic vasodilation with 
adenosine, or with dobutamine stress) during the fi rst passage of gadolinium-based 
contrast agents. CMR has special advantages in women as it has excellent soft tis-
sue characterization, three-dimensionality, superior temporal and spatial resolution, 
and the ability to quantify blood fl ow. CMR is free from ionizing radiation thereby 
avoiding radiation exposure to sensitive tissues, which can be especially important 
in women, as breast tissue is known to be sensitive to developing cancer as a result 
of radiation exposure. 

 Figure  4.2  shows a stress CMR in a woman with angina and triple vessel 
disease.

   Recent studies have shown superior diagnostic accuracy of stress CMR in 
women. A report of 745 patients (204 women) undergoing dobutamine/atropine 
stress CMR and subsequent coronary angiography showed no gender-based differ-
ences in the detection of hemodynamically signifi cant obstructive CAD, with a sen-
sitivity of 85 % and specifi city of 86 % in women [ 72 ]. Similar results have been 
found with adenosine fi rst pass perfusion CMR in 256 symptomatic patients (77 
females) at intermediate risk of CAD who underwent subsequent coronary angiog-
raphy [ 73 ]. Adenosine fi rst pass perfusion CMR in women had a sensitivity and 
specifi city of 91 % for detecting signifi cant CAD, superior to the results in men. 

 Stress CMR has been compared to other imaging modalities. The use of dobu-
tamine CMR and DSE was evaluated in a study of 208 patients (61 women) under-
going both tests prior to coronary angiography [ 74 ]. The sensitivity and specifi city 
was greatly increased with the use of dobutamine CMR as compared to DSE, and 
the sub-analysis in women yielded similar results. A recent pilot study compared 
the new technique of treadmill stress CMR with exercise SPECT in 43 patients 

DE-CMR Stress-Perfusion Rest-Perfusion Coronary Angiogram

  Fig. 4.2    Stress CMR in a woman with angina and triple vessel disease. There is no evidence of prior 
infarction on delayed-enhancement images; however, stress perfusion indicated defects in all three 
vascular territories.  DE-CMR  Delayed Enhancement CMR (Adapted with permission from [ 71 ])       
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(16 women) [ 75 ]. In this special combined protocol, patients underwent a rest 
technetium- 99 SPECT and resting cine CMR and then proceeded to exercise on a 
modifi ed CMR safe treadmill with ECG monitoring. At peak stress, technetium-99 
was injected and the patient rapidly returned to the CMR scanner for post-exercise 
cine and perfusion imaging, and lastly was sent to complete the SPECT stress 
portion. In this small study, agreement between SPECT and CMR was moderate 
(kappa = 0.58) and the accuracy in eight patients who underwent coronary angiog-
raphy was 7/8 for CMR and 5/8 for SPECT. A larger study comparing these two 
exercise stress modalities is currently underway. 

 The prognostic value of stress CMR has been demonstrated in several studies. A 
report of 461 patients (150 women) with known or suspected CAD, evaluated the 
prognostic value of a combined adenosine and dobutamine stress CMR assessed 
during a single session in predicting cardiac death or nonfatal myocardial infarction 
[ 76 ]. The 3-year event free survival was 99.2 % for patients with normal stress 
CMR scans and 83.5 % for those with abnormal results. Ischemia noted on stress 
CMR was an independent predictor of cardiac events and provided incremental 
value over clinical risk factors and resting wall motion abnormalities. Similar prog-
nostic value has been shown for dobutamine/atropine CMR [ 77 ]. A recent study 
focusing on 266 women undergoing dobutamine CMR showed that inducible left 
ventricular wall motion abnormalities predicted cardiac death and myocardial 
infarction (HR 4.1, 95 % CI, 2.2–9.4) [ 78 ] 

 A very interesting report of 20 patients with syndrome X (16 women) and 10 
matched controls (8 women) evaluated the use of adenosine stress CMR in detect-
ing perfusion abnormalities in this patient population [ 79 ]. Syndrome X is charac-
terized by atypical angina with abnormal exercise test results but normal coronaries; 
however, ischemia has not been implicated as the cause of chest pain in these 
patients. Adenosine administration provoked chest pain in 95 % of patients with 
syndrome X and CMR imaging demonstrated subendocardial hypoperfusion during 
these symptoms. This is especially interesting in women as they often have chest 
pain in the absence of obstructive CAD which may be attributed to microvascular 
angina. In the Coronary Artery Surgery Study, 50 % of women with chest pain 
referred for coronary angiography had minimal or no signifi cant coronary stenoses, 
in contrast to 17 % of men [ 80 ]. In the WISE study, coronary microvascular dys-
function was also identifi ed in half of the women with angina in the absence of 
obstructive epicardial disease [ 81 ]. The prognosis in these women is not benign as 
they have higher burden of persistent angina and potentially higher morbidity and 
mortality. 

 Stress CMR appears to be an excellent comprehensive imaging technique in 
evaluating CAD in women and has the ability to identify subendocardial ischemia, 
which may provide an etiology for women with persistent chest pain without 
obstructive CAD. However, CMR does have several limitations. Renal impairment 
is not a contraindication to gadolinium administration, however there is increased 
risk of nephrogenic systemic fi brosis in patients with severe renal failure. MRI 
incompatible hardware is a true contraindication; however, next generation devices 
(i.e. pacemakers) are now considered CMR safe.  
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    Coronary CT Angiography 

 Coronary computer tomographic angiography (CTA) is an evolving noninvasive 
anatomic technique with high diagnostic accuracy for obstructive epicardial CAD 
[ 67 ]. It allows non-invasive visualization of coronary arteries and accurate detec-
tion of obstructive lesions as compared with invasive coronary angiography. In a 
study comparing the diagnostic accuracy of 64-slice coronary CTA in 51 women 
and 52 men, the sensitivity was 85 % and specifi city was 99 % in both genders [ 82 ]. 
A recently published study of 230 patients (41 % women) undergoing both coronary 
CTA and invasive coronary angiography found that women tended to have more 
diffuse CAD, and at a 70 % stenosis threshold, the specifi city of coronary CTA 
favored women when compared to men (94 % vs. 73 %,  P  = 0.001) [ 83 ]. 

 A recent large study (2,432 patients, 56 % female) evaluated the gender specifi c 
prognostic value of coronary CTA for predicting a composite endpoint of cardiac 
death and nonfatal myocardial infarction [ 84 ]. They noted that after age and gender 
stratifi cation coronary CTA predicted events in women aged at least 60 years but not 
in women under 60 years old (coronary CTA predicted events in males of any age). 

 One important limitation to point out, particularly in younger women, is the 
increased radiation exposure, higher than that of conventional diagnostic coronary 
angiography. This is a factor which has to be taken into consideration in women with 
a potential increase in lifetime risk of cancer due to concentrated ionizing radiation 
to breast tissue [ 85 ]. Further studies are needed to reduce radiation exposure and 
evaluate the true prognostic value of coronary CTA in women across all age groups. 
However, coronary CTA allows accurate ruling out of obstructive CAD in women 
given that the negative predictive value exceeds 95 % – thus a normal study suggest 
an extremely low likelihood of obstructive stenoses in the epicardial arteries [ 82 ]. 

 In conclusion, CTA represent an attractive method of excluding CAD in selected 
women with low to intermediate probability of disease, or for whom a false-positive 
stress test results are suspected [ 4 ].  

    Coronary Reactivity Testing 

 Women are disproportionally affected by vascular reactivity in the coronary circula-
tion as well as other organ systems (examples include migraine headaches, 
Raynaulds phenomena) [ 53 ]. Vasospasm of the epicardial coronary arteries was 
thought to be the major contributor to angina in women; however, recent research 
identifi es the microvascular coronary circulation as a culprit (Fig.  4.3 ). Studies 
show that men have greater atheroma burden and more diffuse epicardial endothe-
lial dysfunction while women have more disease of the microcirculation [ 86 ,  87 ].

   The WISE trial which focused on women evaluated coronary microvascular dys-
function in several studies. In a subset of 159 women with angina but no obstructive 
CAD, coronary microvascular dysfunction was evaluated by measuring coronary 
fl ow velocity reserve in response to intracoronary adenosine [ 81 ]. The investigators 
noted that approximately half of women with angina had coronary microvascular 
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dysfunction, and this could not be predicted by standard CAD risk factors and hor-
mone levels. Another WISE substudy evaluated cardiovascular outcomes in a simi-
lar patient population and noted that impaired coronary vasomotor response 
independently predicted adverse cardiac events regardless of CAD severity [ 88 ]. In 
a complication of 15 studies on coronary and peripheral testing for endothelial dys-
function, an abnormal result elevated the relative risk for major adverse cardiac 
events 10-fold [ 89 ]. Endothelial dysfunction appears to be an early sign of future 
CAD as shown in a study of women with sequential angiography after invasive 
endothelial function testing [ 90 ]. Figure  4.3  shows a model of microvascular angina 
in women. 

 Evaluation of endothelial dysfunction is important as it is reversible and thus 
associated with improved outcomes. In a study of 400 postmenopausal women with 
hypertension, improvement in fl ow mediated vasodilation (as measured by brachial 
artery ultrasonography) was seen with optimization of blood pressure and had a 
positive impact on prognosis [ 91 ]. Brachial artery size may be helpful to identify 
women with early atherosclerosis [ 92 ]. Another study evaluated the use of enhanced 
external counterpulsation (EECP) in patients with refractory angina by using reac-
tive hyperemia-peripheral arterial tonometry. EECP enhanced peripheral endothe-
lial function and led to symptomatic improvement [ 93 ]. 

 In symptomatic women with positive stress test results and no evidence of 
obstructive disease on coronary angiography, further diagnostic testing may be war-
ranted. Aside from invasive measures during coronary angiography, such as intra-
vascular coronary ultrasound and intracoronary Doppler fl ow wire, noninvasive 
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  Fig. 4.3    Model of microvascular angina in women (Reprinted with permission from [ 53 ])       
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methods are now becoming available (i.e. brachial artery reactivity testing, digital 
reactive hyperemia peripheral artery tonometry, high frequency transthoracic 
Doppler harmonic echocardiography) and should be utilized.  

    Conclusions 

 Coronary artery disease has gender-specifi c differences in presentation as well as 
course and outcome. Despite a lower prevalence of obstructive CAD in women, the 
prevalence of symptoms and ischemia as well as mortality is higher in women. 
Multiple risk stratifi cation and diagnostic strategies are available for the noninva-
sive evaluation of CAD in women. Obtaining a thorough history and exam, with 
special attention to atypical symptoms frequently experienced by women, can guide 
clinicians as to which strategy is best for each individual patient. Traditional risk 
factors along with novel risk scores and diagnostic tests to evaluate atherosclerotic 
burden can help identify women at risk. The diagnostic tests available for symptom-
atic women are expanding – with newer tests having greater diagnostic accuracy in 
women. In symptomatic women with suspected CAD, imaging with stress MPI or 
stress echocardiography can provide incremental value over clinical variables and 
exercise ECG. Novel methods for evaluating microvascular disease, including CMR 
and PET, and tests to detect endothelial dysfunction may yield further information 
for symptomatic women without obstructive CAD. Figure  4.4  summarizes the 
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proposed mechanism for evaluating women for the presence of CAD. Continued 
research is needed to better identify the optimal diagnostic and therapeutic 
approaches for women with CAD.
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           Introduction 

 Cardiovascular disease (CVD) remains the most common cause of death in women 
living in developed countries and outnumbers death from all forms of cancer com-
bined [ 1 ]. Since 1984, the number of CVD deaths for females has exceeded those 
for males. With the advances in the diagnosis and treatment of coronary artery dis-
ease (CAD), there have been signifi cant decreases in cardiovascular mortality seen 
in both sexes, with the major decline for women occurring after the year 2000 [ 2 ]. 
However, this reduction in mortality among women has remained less pronounced 
as compared with men [ 3 ]. The reason for this disparity may be gender differences 
in the pathophysiology of CAD or lower awareness of coronary disease in women 
leading to decreased implementation of evidence based care [ 4 ]. The Yentl syn-
drome (as described in 1991) pointed out the ubiquitous misrecognition of CVD as 
an affl iction of men, with women seeming to require a higher burden of proof in 
order to receive appropriate diagnostic tests and therapeutic interventions [ 5 ]. There 
are recognized gender differences including a notable 10 year delay in the onset of 
ischemic heart disease (IHD) in women compared to men, that have been attributed 
to the protective effect of estrogen [ 6 ]. 

 Stable angina is the most common manifestation of CVD, and is in fact, among 
women, the most common initial presentation of CAD, increasing in prevalence 
with advancing age [ 7 ]. It is a chronic medical condition with a low but appreciable 
incidence of acute coronary events, conferring increased mortality. Over the last 
20 years, the National Institute of Health (NIH) and others have hastened to educate 
both the medical community as well as the public to recognize CVD risk in women. 
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In 1999, the American Heart Association (AHA) published the fi rst consensus 
guideline for prevention of cardiovascular disease specifi cally in women [ 8 ]. The 
subsequent application of evidence-based therapy for prevention and treatment has 
resulted in increased gender equality and improved outcomes for women with IHD. 

 Stable ischemic heart disease (SIHD) encompasses a range of patients with 
underlying ischemic heart disease, which may include asymptomatic CAD, prior 
myocardial infarction (MI), or chronic angina. SIHD can vary from completely 
asymptomatic to severe ischemic symptoms with minimal activity. Stability in IHD 
is defi ned by the fact that symptoms are predictable and reproducible based on an 
expected level of exertion, and lingers relatively unchanged with respect to fre-
quency and severity. Symptoms are typically brought on by exertion or emotional 
stress and relieved by rest or use of antianginal medications. 

 SIHD can be an initial presentation of CVD or residual symptoms after an acute 
ischemic event such as myocardial infarction. In contrast, unstable angina is an 
increase in frequency, intensity, or duration of ischemic symptoms that are part of 
the acute coronary syndromes (ACS), and have much worse short and long-term 
outcomes without urgent inpatient evaluation and treatment. The management of 
ACS is described elsewhere in the book. Currently, more than four million American 
women suffer symptoms of SIHD based on 2011 statistics from the American Heart 
Association, a number that is expected to grow [ 9 ].  

    Gender Specifi c Considerations 
in Stable Ischemic Heart Disease 

 Women with angina pectoris differ substantially from men with the same disease, 
tending to be older and sicker with more co-morbidities [ 10 ]. As described by 
Framingham data, women often present with chest pain as their fi rst manifestation 
of ischemic heart disease in contrast to men who are more likely to present with 
acute myocardial infarction or sudden cardiac death [ 11 ]. This often makes the pri-
mary care provider the fi rst medical professional with the opportunity to evaluate 
newly declared ischemic heart disease. Importantly, SIHD does not include acute 
coronary syndromes such as ST elevation myocardial infarction (STEMI), non-ST 
elevation myocardial infarction (NSTEMI), or intermediate/high risk unstable 
angina (UA). UA with low risk features, defi ned as patients <70 years old with new 
onset exertional angina lasting <20 min without ECG or cardiac marker abnormali-
ties may also be considered SIHD [ 12 ] and selectively evaluated and treated as an 
outpatient. All newly diagnosed patients with stable ischemic heart disease should 
be referred to a cardiologist for evaluation of underlying ischemia and to decide if 
further testing or medical therapy is necessary. Clinicians should maintain close 
vigilance for any changing symptoms in their female patients with known SIHD in 
order to recognize early developments and prevent complications from uncontrolled 
ischemia.  
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    Evaluation of Symptoms in Women 

 Obtaining a good history is most important for the clinical diagnosis of chronic 
stable angina. However, the description of “typical” angina symptoms is derived 
largely from observations made in mostly male populations. It is not clear whether 
symptoms in women can be judged by the same criteria used to diagnose coro-
nary artery disease in men [ 10 ]. According to the National Institute for Health and 
Clinical Excellence (NICE) guidelines for stable angina, presentation of symptom-
atic coronary artery disease varies little between men and women. Typical exertion 
induced angina is the main complaint of both women and men with documented 
CAD. Diagnosis and management should be infl uenced by pre-test likelihood of 
disease and not only by gender [ 13 ]. Although women present frequently with simi-
lar symptoms as men, atypical chest pain and angina-equivalent symptoms such as 
dyspnea are more common in women. Women often manifest atypical symptoms 
of angina that can include fatigue, back pain, epigastric pain, palpitations, appetite 
loss, nausea, vomiting, and indigestion [ 14 ]. Women also complain more often of 
mental-stress induced angina, or angina at rest than men [ 15 ]. The burden of angina 
is higher in women as seen in a meta-analysis of 74 studies that included almost 
25,000 cases of angina from 31 countries. Women were found to have a slightly 
higher prevalence of stable angina with a pooled sex ratio of 1.20 [ 16 ]. Unexpected 
presentations in women can cause the discounting of symptoms as non-ischemic 
with unintentional delays or missed diagnosis, and reduction in early evidence based 
therapies unless a high level of suspicion is maintained. This is made clear through 
multiple prospective investigations that evaluated patients with SIHD. When assess-
ing patients with stable angina through the use of exercise stress testing and cardiac 
catheterization, investigators worldwide found a signifi cant disparity in application 
of guideline recommendations between men and women [ 7 ,  17 ,  18 ]. In the Euro 
Heart survey of 3,779 patients of which 42 % were women with angina, the women 
were less likely at any time to have symptom triggered non-invasive exercise stress 
testing or invasive evaluations with cardiac catheterization, even if being evaluated 
by a cardiologist [ 19 ]. 

 This trend is largely due to perceived coronary risk of women being less than 
that of men. Propagation of this concept is largely derived from the study of mostly 
male populations such as were enrolled in the Framingham Heart Study. These 
risk factors described in the 1960’s defi ned male gender, age, hypertension, smok-
ing, diabetes, and hyperlipidemia as major determinants of coronary heart disease 
[ 20 ], and led to the fi rst models to evaluate risk of cardiovascular disease. 
Contemporary cohorts have since shown that classic coronary risk factors do not 
accurately represent risk in women. This has led to development of sex specifi c 
adjustments as well as addition of risk factors such as markers of infl ammation 
and family history of early cardiovascular events that more accurately risk stratify 
the sexes [ 21 ,  22 ]. Hormonal status imparts additional risk as noted by postmeno-
pausal women having increased prevalence of cardiovascular disease, though 
many gaps remain in understanding the pathophysiology involved [ 23 ]. Appropriate 
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identifi cation of women at high risk for development of coronary artery disease 
will increase the likelihood of making a correct diagnosis of IHD and preventing 
cardiac events. 

 An increased mortality in women after acute myocardial infarction (MI) has 
been documented for decades. Though applying a gender equal approach to ther-
apy has made substantial improvements, women younger than 60 continue to 
have elevated risk of death after MI [ 24 ]. Women also have higher in-hospital 
mortality than men when presenting with initial symptoms of non-ACS chest 
pain, a fi nding that increases with age and with greater signifi cance in white 
women [ 25 ]. 

 The large population of women with symptomatic SIHD confers elevated mor-
bidity with reduction in quality of life and ability to conduct previous activities of 
daily living. Women have more functional disability due to symptoms and present 
for more offi ce visits and hospital admissions due to angina, estimated annually at 
4 million visits for women versus 2.4 million for men [ 26 ]. Women have more com-
plications of SIHD than men including acute MI, cardiovascular death, and conges-
tive heart failure. Women also undergo more repeat ischemic evaluations with 
non-invasive and invasive testing adding to a ballooning health care expenditure 
[ 26 – 28 ]. This points towards the diffi culties in diagnosing and managing SIHD in 
women and the need for improved recognition, symptom control, and use of evi-
dence based therapy to prevent complications. Although the likelihood of obstruc-
tive coronary artery disease in women with chest pain is lower than in men, the 
incidence is still signifi cant, and women should undergo the same evaluation as 
men do.  

    Mechanisms of Stable Ischemic Heart Disease in Women 

    Obstructive Coronary Artery Disease 

 The assumed etiology of SIHD in women and men stems from the concept that 
symptoms of angina pectoris are almost always related to intracoronary athero-
sclerosis with “signifi cant stenosis” [ 10 ]. The buildup of intraluminal coronary 
plaque over time leads to hemodynamic obstruction with decreased fl ow. This in 
turn causes a mismatched delivery of oxygen with increased tissue demand during 
exertion or stress. This mechanism of epicardial artery obstruction is the leading 
cause of exertional angina symptoms in men, and many older women as the preva-
lence of obstructive CAD increases as women age equaling men around age 70 
[ 26 ]. Overall, women report more symptoms of chest pain than men, though by 
coronary angiography, they are found to have a lower rate of obstructive CAD and 
better preservation of left ventricular function [ 25 ]. This disparity seen in women 
has led to investigation of an alternate mechanism for ischemic heart disease 
symptoms, and has garnered many insights into gender differences in the patho-
physiology of SIHD.  
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    SIHD Without Obstructive CAD 

 The Women’s Ischemia Syndrome Evaluation (WISE) study evaluated women referred 
to angiography for chest pain evaluation, and surprisingly found up to 50 % of women 
with symptoms of typical or atypical angina had normal or non- obstructive epicardial 
arteries (<50 % stenosis) by cardiac catheterization compared to 17 % of men [ 28 ,  29 ]. 
Women were more often found to have diffuse non-obstructive CAD and elevated left 
ventricular end diastolic pressures, which may contribute to symptoms of angina [ 30 ]. 
Women are also known to have smaller epicardial coronary arteries than men even 
when corrected for body surface area [ 31 ]. Atherosclerosis in the walls of the epicar-
dial arteries may play a different role in symptoms of ischemia for women than it does 
in men. Coronary intravascular ultrasound (IVUS) is an invasive modality that is used 
to evaluate atheroma present in the walls of coronary arteries. This atherosclerotic 
plaque is not seen through standard coronary angiography, which is more accurately 
described as “luminal angiography”. IVUS can be utilized during heart catheteriza-
tion using a catheter with an ultrasound transducer tip that is inserted directly into the 
coronary arteries. IVUS has shown in vivo that patients with non-obstructive CAD can 
have extensive extra luminal atheroma burden through the process of expansion of the 
internal elastic lamina known as positive remodeling [ 32 ]. Investigation with IVUS 
has led to the description of vulnerable or unstable plaques lacking the protective thick 
fi brous caps, and more likely to ulcerate or rupture causing ACS even without previ-
ously impinging signifi cantly on the lumen of the epicardial arteries [ 33 ]. 

 This concealed atherosclerosis was also seen by IVUS in women enrolled in the 
WISE study that presented with suspected ischemia, but without obstructive CAD 
seen during coronary angiography [ 34 ]. In a study of women presenting with acute 
MI but non-obstructive CAD, IVUS showed evidence of substantial atheroma 
buildup in the arterial wall that correlated with cardiac MRI fi ndings of infarction 
[ 35 ]. The proposed mechanisms for these ischemic events include occult plaque 
rupture or ulceration with distal embolization of platelet debris as well as coronary 
vasospasm. In the absence of traditional intraluminal atherosclerosis visualized dur-
ing cardiac catheterization, it may be challenging to diagnose the extent of athero-
sclerosis in the walls of the coronary arteries when tools such as IVUS are not used. 
The possible implications include missed diagnosis and lack of treatment for isch-
emic events caused by concealed CAD among women, as well as inappropriate reas-
surances that ischemic events were vasospastic or infl ammatory (i.e. myocarditis). 
IVUS is unfortunately technically challenging and increases the time and risk of the 
diagnostic catheterization, which does tend to limit its use in SIHD evaluation.  

    Microvascular Angina 

 A more distinguishing feature largely in women has been found in the dysfunction 
of the coronary microvasculature. The coronary microvasculature is currently below 
the size threshold for visualization utilizing standard coronary angiography [ 36 ]. 
Coronary fl ow reserve is the auto-regulated ability to increase fl ow through these 
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small coronary vascular beds in response to an increase in cardiac workload and 
metabolic requirements [ 36 ]. The normal coronary microvasculature dilates to allow 
increased blood fl ow and delivery of oxygen and nutrients to the cardiac tissue. If 
fl ow increase in the microvascular circulation is reduced by dysfunction of the small 
arteriolar vessels, regions of focal ischemia may occur in small areas scattered 
throughout the myocardium [ 37 ]. Coronary reactivity testing (CRT) is an invasive 
method performed through cardiac catheterization to directly measure the fl ow 
increase in response to a vasoactive drug challenge such as intracoronary adenosine 
that simulates increased cardiac demand. This vascular stress test allows a surrogate 
measurement of the function of the small resistance coronary arteries not visible by 
angiography and responsible for changes in coronary fl ow [ 38 ,  39 ]. In women with 
SIHD and non-obstructive or no coronary artery disease, abnormal CRT with atten-
uated coronary fl ow reserve has been seen in up to half of patients [ 39 ]. The loss of 
expected epicardial artery fl ow increase among these women without signifi cant 
coronary obstruction is diagnostic for microvascular dysfunction [ 40 ]. Measurement 
of microvascular function using CRT is relatively safe though not routinely per-
formed for reasons including a lack of standardized protocols, inexperience of many 
labs, and the increased time required during a diagnostic heart catheterization [ 41 ]. 

 Microvascular dysfunction is implicated in what was initially designated cardiac 
syndrome X (CSX) in 1973 [ 42 ] and more recently termed microvascular angina 
(MVA). The classic defi nition of CSX or MVA is the triad of effort induced or persis-
tent angina pectoris, a positive exercise stress test for myocardial ischemia, and angi-
ographically normal coronary arteries [ 43 ,  44 ]. Microvascular dysfunction has been 
increasingly supported as the major mechanism for SIHD in the largely female group 
of symptomatic patients without obstructive coronary disease. The diagnosis of MVA 
as the cause of SIHD does of course require that other cardiac and non- cardiac causes 
of angina type chest pain have been ruled out [ 45 ]. The exact pathogenesis of MVA is 
not completely understood but is likely a multifactorial process including endothelial 
dysfunction, neuro-hormonal changes, infl ammation, and abnormal nociception 
combined to cause the symptoms of SIHD seen in this female subgroup [ 46 ]. Systemic 
infl ammatory markers including high-sensitivity C-reactive protein (hs-CRP), inter-
leukins 6 and 18 (IL-6, IL-18), tumor necrosis factor α (TNF-α), and transforming 
growth factor (TGF)-β1 have been implicated in MVA but have not consistently been 
shown to correlate with decreased coronary fl ow reserve [ 47 ]. The current diffi culty 
in confi rming a diagnosis in this population requires the clinician to have a high index 
of suspicion to consider MVA in the appropriate symptomatic female patient and 
institute therapy for IHD aimed at risk reduction and prevention of future events.   

    Natural History and Prognosis 

 Our understanding of the progression and prognosis of SIHD in women is derived 
from the large population based cohorts that start with the Framingham Heart Study. 
In this fi rst large cohort, mortality from angina was as high as seen in post-MI hos-
pitalized patients. At 2 years of follow up, the rate of cardiac events in women with 
stable angina was found to be 6.2 % for non-fatal MI and 3.8 % for cardiac death 
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[ 48 ]. This data was collected prior to the use of cardioprotective medical therapy. 
Modern prospective randomized trials provide further insight to the prognosis of 
SIHD. The EUROPA trial between 1997 and 2000 randomized 12,218 low risk 
patients with SIHD to perindopril, an angiotensin converting enzyme inhibitor 
(ACE) or placebo [ 49 ]. The majority of patients were utilizing anti-platelet, beta- 
blocker, and lipid lowering therapies. The primary end point was non-fatal MI, car-
diac arrest, and cardiac death with results showing an overall 20 % relative risk 
reduction with use of perindopril over 4.2 years mean follow up. In the 1779 females 
randomized, there was a primary event rate of 6.9 % in the treatment arm and 8.8 % 
with placebo that did not reach statistical signifi cance. The main limitation with 
enrolling only 14.6 % of women in the sample leads to an inability to show statisti-
cal signifi cant reduction in the primary end point for the female subgroup. 

 The previous belief that good outcomes are favored in women with angina and 
no signifi cant coronary artery obstruction [ 50 ] has been disproved in recent large 
cohort trials. The WISE study showed that many women continue to suffer symp-
toms and signs of angina, and have a poor quality of life regardless of degree of 
CAD [ 30 ]. They also have a higher incidence of cardiovascular events and hospital 
readmissions than matched controls [ 51 – 54 ]. Adverse event rates in women with 
persistent chest pain and microvascular angina diagnosed by coronary reactivity 
testing during the WISE study were greater than twice that of women with matched 
risk factors and no history of ischemic symptoms. These previously considered low 
risk women had twice the rate of non-fatal MI, congestive heart failure, stroke, and 
cardiovascular death [ 53 ,  54 ]. The old paradigm of considering these women low- 
risk based on coronary angiography is no longer easily acceptable and management 
decisions should follow evidence-based guidelines for treatment of SIHD. 

 Recent prognostic data is found in the COURAGE trial, which randomized 2,287 
patients with symptomatic SIHD and obstructive coronary artery disease to either 
guideline based medical therapy alone or medical therapy plus percutaneous coro-
nary intervention (PCI) of obstructive lesions [ 55 ]. Only 15 % of these low to moder-
ate risk patients enrolled were women. The authors showed no signifi cant difference 
in primary outcomes between the two groups after a median follow up of 4.6 years 
with primary end points of non-fatal MI or cardiovascular death. The PCI group had 
a 13.2 % rate of non-fatal MI and 7.6 % rate for death, while the medical therapy 
group had 12.3 and 8.3 % respectively. The COURAGE data showed no difference 
in SIHD prognosis by utilizing guideline based medical therapy alone or combined 
with revascularization by PCI. There was not a subgroup analysis of women per-
formed with a low rate of female enrollment. The disparity in female representation 
in large studies is beginning to change and will eventually lead to greater understand-
ing of the gender similarities and differences in cardiovascular disease.  

    Diagnostic Testing and Risk Stratifi cation 

 Determining when further testing is required to evaluate obstructive disease and 
risk-stratifying patients who may benefi t from revascularization therapy is best 
achieved in consultation with a cardiologist. The primary care provider should 
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vigilantly watch for symptoms of worsening ischemia at an early stage to allow 
timely referral for therapeutic intervention when indicated. Each patient’s risk pro-
fi le should be determined in order to determine those at high risk for cardiac events 
and those who would benefi t from early revascularization instead of conservative 
medical therapy. Multiple clinical non-invasive and invasive tools are available to 
aid in the stratifi cation of risk. Functional capacity remains a major indicator of 
cardiovascular risk, and validated clinical questionnaires can be utilized to quantify 
a patients symptoms and limitations in addition to obtaining a detailed history. The 
Women’s Ischemia Syndrome Evaluation (WISE) [ 27 ], Seattle Angina Questionnaire 
(SAQ) [ 56 ], and Duke Activity Status Index (DASI) [ 57 ] are able to gather details 
on frequency and severity of angina and the level of physical activity being per-
formed or obtainable. Utilizing validated questionnaires in the clinical setting can 
help in monitoring symptoms and alert the clinician to changes requiring further 
management. 

 The lesson from the COURAGE trial in patients with SIHD was that PCI did not 
reduce MI or death compared to medical therapy in low to intermediate risk patients 
with known obstructive CAD [ 55 ]. All patients with SIHD should therefore be opti-
mally treated with guideline based medical therapy prior to consideration of revas-
cularization. When symptoms are not adequately controlled with aggressive medical 
therapy, and the benefi t of revascularization is deemed appropriate by the patient 
and the clinician, further diagnostic modalities are indicated. All providers should 
be mindful that a decision to proceed to non-invasive testing in women with SIHD 
should be considered in the context of the patients’ willingness and the risk to ben-
efi t of ultimately undergoing revascularization. Frank discussion with the patient 
should be aimed at potential benefi ts of revascularization including angina relief, 
and to dispel misconceptions that coronary interventions in SIHD will prevent 
future myocardial infarcts. 

 The use of non-invasive modalities, such as exercise treadmill testing with or 
without the addition of an imaging modality including echocardiography or 
nuclear myocardial perfusion imaging, provide the clinician with the most diag-
nostic information. Exercise testing provides important data on functional capac-
ity through exercise tolerance and symptom reproducibility. Imaging techniques 
help determine the extent of myocardium with ischemia present and aids in local-
izing anatomical regions that can be correlated with angiography to determine 
lesions likely responsible for anginal symptoms. Optimal selection of non-inva-
sive modalities, including exercise and chemical stress testing for women, is 
detailed in a dedicated chapter along with a discussion on what constitutes a posi-
tive test. 

 If non-invasive testing suggests high-risk features as listed in Table  5.1 , the next 
step is invasive coronary angiography to determine locations of lesions, severity of 
obstruction, and technical details to add to risk stratifi cation and planning of a revas-
cularization approach. Current ACCF/AHA guidelines state the indications for ini-
tial evaluation by coronary angiography for SIHD are limited to a few clinical 
situations: survivors of sudden cardiac death, new life threatening ventricular 
arrhythmias, and signs and symptoms of new acute heart failure [ 12 ].
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       Treatment of Women with Stable Ischemic Heart Disease 

 Women with signs and symptoms of myocardial ischemia irrespective of angio-
graphic anatomy should be treated using optimal guideline based medical therapy 
[ 1 ]. Both genders with fi ndings of non-obstructive coronary disease during cardiac 
catheterization were less likely to be prescribed secondary prevention medications 
at discharge as compared to those with obstructive CAD [ 58 ]. This represents a gap 
in optimal therapy for many more women who fall in this category and would likely 
benefi t from proven therapies to prevent future cardiovascular events. Management 
of SIHD including medical therapy and revascularization procedures have also been 
shown to be utilized less in women than men when presenting with similar fi ndings 
[ 7 ]. Guideline recommended therapy does not differ in regards to gender, and should 
be implemented equally. Therapeutic management for men and women with SIHD 
are aimed at two complimentary goals: fi rst is controlling physiologic and meta-
bolic markers of cardiovascular risk and hence prevention of cardiovascular events, 
second is therapy aimed at providing symptomatic relief and improving quality of 
life. Angina relief is particularly important for women who have a higher burden of 
symptoms with a greater reduction in functional status. 

    Cardiac Risk Factor Modifi cation 

 Classic risk factors for development of ischemic heart disease are relevant for 
women as well as men as seen in the INTERHEART study, a worldwide case control 

   Table 5.1    Noninvasive risk stratifi cation: high risk fi ndings (>3 % annual risk of death or MI)   

  1. Severe resting LV dysfunction (LVEF <35 %) not readily explained by noncoronary causes 
  2. Resting perfusion abnormalities ≥10 % of the myocardium in patients without prior history 

or evidence of MI 
  3. Stress ECG fi ndings including ≥2 mm of ST-segment depression at low workload or 

persisting into recovery, exercise-induced ST-segment elevation, or exercise-induced VT/VF 
  4. Severe stress-induced LV dysfunction (peak exercise LVEF <45 % or drop in LVEF with 

stress ≥10 %) 
  5. Stress-induced perfusion abnormalities encumbering ≥10 % myocardium or stress segmental 

scores indicating multiple vascular territories with abnormalities 
  6. Stress-induced LV dilation 
  7. Inducible wall motion abnormality (involving >2 segments or 2 coronary beds) 
  8. Wall motion abnormality developing at low dose of dobutamine (≤10 mg/kg/min) or at a low 

heart rate (<120 beats/min) 
  9. CAC score >400 Agatston units 
 10. Multivessel obstructive CAD (≥70 % stenosis) or left main stenosis (≥50 % stenosis) on CCTA 

  Source: Reproduced with permission from ACCF/AHA Guidelines (Fihn et al. [ 12 ]) 
  CCTA  coronary computed tomography angiography,  LV  left ventricular,  LVEF  left ventricular 
ejection fraction,  MI  myocardial infarction,  VT/VF  ventricular tachycardia/ventricular fi brillation, 
 CAC  coronary artery calcium  
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study of close to 30,000 people in 52 countries. The study estimated that 90 % of the 
risk of MI is attributable to nine measureable risk factors: smoking, dyslipidemia, 
diabetes mellitus, hypertension, obesity, psychosocial stress, poor diet, lack of regu-
lar exercise, and alcohol consumption. Traditional risk factors are highly prevalent 
in women. However, certain risk factors place women at greater risk then men. 
There is a higher prevalence of obesity in women, especially extreme obesity with 
body mass index (BMI) ≥40 kg/m 2  [ 59 ]. Obesity infers greater risk of diabetes mel-
litus, hypertension, and is an independent risk factor for CVD, increasing mortality 
[ 60 ]. Women also have a higher prevalence of diabetes, and diabetic women have at 
least a three-fold greater risk of IHD than non-diabetics [ 61 ]. The risk of fatal IHD 
was shown to be 50 % higher in diabetic women as compared to men, in a meta- 
analysis of 37 prospective cohort studies [ 62 ]. Similarly, hypertensive women have 
a two to three fold increased risk of coronary events [ 63 ]. The metabolic syndrome 
consisting of the constellation of central obesity, glucose intolerance, hypertension, 
and dyslipidemia places women at the highest risk of developing IHD, to a greater 
extent than men with the metabolic syndrome, or either gender without the combina-
tion [ 64 ]. Female specifi c risk factors such as preeclampsia of pregnancy, doubles 
the risk of developing ischemic heart disease later in life [ 65 ]. Gestational diabetes 
and hormonal changes due to ovarian dysfunction [ 61 ], or the reductions in female 
specifi c hormones such as estrogen and progesterone that occur with menopause all 
increase a women’s risk of developing cardiovascular disease. Importantly though, 
hormone therapy such as estrogen replacement is not recommended for primary or 
secondary prevention of CVD in women based on current guidelines [ 12 ]. 

 The management of SIHD requires an intensifi cation of lifestyle changes and 
risk factor reduction including aggressive lipid lowering directed at secondary pre-
vention of future cardiac events. All cardiovascular risk factors should be modifi ed 
in SIHD, and are recommended as Class I therapies (benefi t outweighs risk) by the 
ACCF/AHA guidelines for SIHD [ 12 ]. Clinicians should aim to modify risk factors 
for primary and secondary prevention in women according to these guidelines 
which are described in more detail in the preceding dedicated chapter.  

    Life Style Modifi cation 

 Patient education is key to successful lifestyle changes and risk factor modifi cation. 
Dietary improvements reduce risk of cardiovascular events by decreasing the preva-
lence and severity of modifi able risks such as hypertension, dyslipidemia, and 
hyperglycemia. Smoking is the single most important preventable cause of IHD in 
women, especially in women younger than 50 years of age [ 66 ]. Smoking cessation 
and avoidance of second hand smoke improves endovascular function and reduces 
atherogenesis [ 67 ]. A retrospective look at patients with IHD comparing those who 
quit smoking to ongoing users found an estimated 36 % relative risk reduction in 
overall mortality [ 68 ]. Utilizing behavioral and pharmaceutical therapy in addition 
to the clinician’s constant recommendation to quit smoking can signifi cantly 
improve chances at success. 
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 A weight loss approach with strong emphasis on limiting caloric intake, along 
with a diet low in saturated fats and cholesterol while high in fresh fruit, vegetables, 
and whole grains, should be the cornerstone of the clinician’s dietary advice. The 
cardio-protective effects offered by daily consumption of fruits or vegetables, moder-
ate consumption of alcohol three or more times per week, and moderate or strenuous 
physical exercise were stronger comparatively in women then men [ 69 ]. Setting 
patient goals based on weight and waist circumference allow self-monitored indica-
tors that provide ongoing feedback and results, without clinic visits. The ACCF/AHA 
guidelines recommend reaching a BMI of 18.5–24.9 kg/m 2 , and maintenance of a 
waist circumference less than 35 in. in women [ 12 ]. Many patients have diffi culty in 
making drastic changes to their diet and benefi t from a referral to a dietician. 

 Exercise regimens are an integral part of a successful weight loss and cardiac 
rehabilitation approach, which not only reduces the risk of future cardiac events but 
also helps in symptom control. Women tend to see greater benefi t in adopting even a 
modest increase in regular physical activity. Benefi ts of exercise have been shown to 
improve female specifi c risk factors, particularly those associated with microvascular 
angina. Positive cardiovascular effects of exercise in women with SIHD are associated 
with benefi cial changes in lipid levels, blood pressure, infl ammation, endothelial func-
tion and autonomic regulation [ 70 – 72 ]. There is likely a dose–response relationship 
between exercise intensity and duration and the benefi ts seen in cardiovascular protec-
tion. The diffi culty for most clinicians is the fact that a majority of women diagnosed 
with SIHD are older and partake in little to no daily physical activity at baseline. 

 There are differing guidelines for the amount and intensity of prescribed physical 
activity for prevention of cardiovascular disease development and reduction of future 
events. Current ACCF/AHA guidelines recommend 30–60 min of moderate-intensity 
aerobic activity preferably daily or at least fi ve times a week [ 12 ]. The defi nition of 
moderate-intensity activity is what requires 3 to <6 MET (metabolic equivalent of 
task). Brisk walking is considered the minimal strenuous exercise qualifying as mod-
erate-intensity. As walking is the most common leisure exercise among US adults, it 
is a good starting point, providing the pace is brisk. As a reference, 6 METs is obtained 
by reaching 5 min on a standard treadmill Bruce protocol, which is 2.5 mph at a 12 % 
grade. For most women with SIHD, the clinician can reasonably recommend starting 
an exercise regimen without the need for a medically supervised program. 

 Some patients, such as those with a history of multiple MI’s, cardiac arrest, known 
severe functional impairment, or known residual exercise-induced ischemia on tread-
mill testing are considered to be at high risk of cardiac complications during exercise. 
This high-risk group should be referred for a medically supervised exercise program 
for 8–12 weeks to establish the appropriate prescription for a safe exercise regimen 
[ 12 ]. Specifi c patients who also should be referred for cardiac rehab include: post-MI, 
post-coronary revascularization either by (PCI) or surgically with coronary artery 
bypass grafting (CABG), valvular surgery, pacemaker or defi brillator implantation, 
cardiomyopathy, and compensated congestive heart failure. Cardiac rehab programs 
have a set protocol that increase intensity and duration of exercise while monitoring 
heart rate, blood pressure, and symptoms by physical therapists or exercise physiolo-
gists. Patients should continue participating in cardiac rehab until they are able to 
safely perform adequate exercise that is in line with their needs and health goals.   
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    Medication Reducing Cardiovascular Risk 
and Progression of Atherosclerosis 

    Antiplatelets 

 Aspirin is a cyclooxygenase inhibitor, which is indicated for lifelong secondary 
prevention in all patients with IHD. It provides benefi t through prevention of plate-
let aggregation that leads to coronary thrombosis from plaque rupture. A reduction 
of 37 % in serious vascular events using aspirin therapy was found by meta-analysis 
of trials with nearly 3,000 patients with SIHD [ 73 ]. The optimal dose to obtain vas-
cular protection and minimize risk of gastrointestinal side effects such as bleeding 
had been contentious, but was found in the same analysis to be as effi cacious using 
75–162 mg with less risk of bleeding compared to 325 mg. Providers should make 
an effort to reduce the dose to minimize risk of bleeding in patients who are using 
high dose aspirin for cardiovascular prevention. If intolerance or allergy to aspirin 
exists, substituting a thienopyridine such as clopidogrel which inhibits adenosine 
diphosphate (ADP) receptors, and provides anti-platelet effect with at least an equal 
risk reduction in recommended [ 74 ]. In patients who undergo PCI with intracoro-
nary stent placement, use of both aspirin and an ADP receptor inhibitor is required 
for at least 1 month and up to 1 year depending on the type of stent, bare metal 
requiring less time than drug eluting. The use of dual anti-platelet therapy allows 
time for the stent to become covered by endothelial cells thereby eliminating direct 
contact of the metal with blood, and reducing the risk of acute stent thrombosis. At 
the end of the recommended time for dual anti-platelet therapy, reducing therapy to 
low dose aspirin alone is acceptable. Using both aspirin and clopidogrel long term 
for secondary prevention in SIHD was shown by the CHARISMA trial to have no 
signifi cant benefi t over aspirin alone [ 75 ]. However post-hoc analysis showed that 
high-risk groups including patients with recent MI, peripheral vascular disease, and 
ischemic stroke, did have less cardiovascular events with dual anti- platelet therapy. 
The use of long-term dual anti-platelet therapy may be benefi cial in certain high-
risk patients when preventive benefi t outweighs the increased bleeding risk [ 12 ].  

    Angiotensin Converting Enzyme (ACE) Inhibitors 
and Angiotensin Receptor Blockers (ARB) 

 ACE’s and ARB’s are cardioprotective medications that provide positive effects in 
SIHD as well as anti-hypertensive action, prevention of nephropathy in diabetes, 
and benefi cial effect in treatment of cardiomyopathy. These effects have been shown 
to signifi cantly reduce cardiovascular events including MI and death in patients 
with reduced LVEF [ 76 ]. Initiation of ACE inhibitor therapy has also been shown to 
reduce mortality in the immediate post MI period [ 77 ]. ACE inhibitors may offer 
additional benefi t in women based on the positive effects on vascular function and 
additional angina reduction [ 78 ]. An improvement in vascular function as measured 
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by invasive coronary reactivity testing in women with MVA was shown in the WISE 
study after 16 weeks of therapy with the ACE inhibitor quinapril [ 79 ]. The response 
was strongest in women with the greatest baseline vascular dysfunction, and there 
was a statistical improvement in angina episodes also seen in the ACE inhibitor 
group compared to placebo. ACE inhibitors as a class are recommended for all 
patients with SIHD and either hypertension, diabetes mellitus, reduced LV function, 
or chronic kidney disease, unless contraindicated. ARB therapy has shown similar 
reductions in cardiovascular events though statistically less than ACE inhibitors 
making them a suitable replacement in SIHD for patients who are unable to tolerate 
ACE inhibitors [ 12 ]. Importantly, ACE inhibitors and ARB’s are contraindicated 
during pregnancy. Before initiating these medications, younger pre-menopausal 
women should be asked about the possibility of being pregnant.  

    Anti-lipids 

 The use of HMG-CoA reductase inhibitor statin therapy in primary and secondary 
prevention of cardiovascular disease is well described and detailed in an earlier chapter 
of the book. In women with SIHD, data has shown lower is better even when compared 
to men. The data from the Pravastatin or Atorvastatin Evaluation and Infection Therapy-
Thrombosis in Myocardial Infarction (PROVE IT-TIMI 22) trial found high dose statin 
therapy further reduced cardiovascular endpoints over standard dose therapy [ 80 ]. The 
reduction was enhanced more in women then men with established CVD. A low den-
sity lipoprotein (LDL) goal of <70 mg/dL was reached in 65 % percent of the women 
in the high dose group who obtained even greater risk reduction than men. The study 
found high dose statin therapy offered an additional 25 % relative risk reduction com-
pared to standard dose therapy. Updated AHA guidelines recommend treatment of 
women with SIHD to a goal LDL cholesterol <100 mg/dL, and intensive LDL reduc-
tion in high-risk women preferably to <70 mg/dL [ 81 ]. It should be the primary lipid 
goal for clinicians to prevent progression of cardiovascular disease in women. There is 
also evidence proving statin therapy in addition to reducing atherosclerosis, improves 
vascular function by reducing vasoconstriction and increasing vasodilation through an 
endothelial mediated effect [ 82 ]. These endothelial, or pleiotropic effects may improve 
symptoms of angina mediated by infl ammation and vascular dysfunction. Though 
more research is needed specifi cally in women, intensive statin therapy may have a 
larger role in prevention of cardiovascular events and in treatment of MVA. 

 Niacin, nicotinic acid, or vitamin B3 is a broad-spectrum lipid-regulating agent 
that has been used for decades prior to the statin era to reduce cardiovascular events. 
Niacin exerts its effects on both cholesterol metabolism and non-lipid mediated vas-
cular protective effects [ 83 ]. The data for reduction in cardiovascular endpoints has 
been mixed with old pre-statin randomized controlled trials showing benefi t in sec-
ondary prevention compared to placebo [ 84 ]. The AIM-HIGH trial randomized 3,414 
patients, 14.8 % female with known CAD and on intensive statin therapy to extended 
release high dose niacin or placebo [ 85 ]. The trial concluded early after 3 years fol-
low up when no signifi cant difference was found in cardiovascular events, though 
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HDL was increased and triglycerides lowered signifi cantly. Though the data remains 
mixed, current guidelines for SIHD recommend use of high dose niacin alone if intol-
erant to statins, or in combination with a statin to reach established lipid goals.   

    Anti-ischemic Therapies to Control Symptoms 

    Beta-Blockers 

 Based on ACCF/AHA guidelines for SIHD, beta-blockers are recommended as fi rst 
line therapy for treatment of angina for both men and women [ 12 ]. They act through 
multiple mechanisms that reduce myocardial oxygen consumption. Reduction in heart 
rate (chronotropy) allows increased diastolic time, when fi lling of the myocardial vas-
culature occurs. A decrease in myocardial contraction (inotropy) and arterial afterload 
additionally lowers the workload imposed on the heart. In addition to angina relief, 
post-MI or ACS patients have a mortality benefi t with use of beta blocking agents. 
Beta blockers should be utilized even in absence of angina for at least 3 years if left 
ventricular function is preserved, and indefi nitely if LV function is 40 % or less [ 86 ]. 
Additional benefi ts have been noted in newer generation of beta-blockers. These 
effects can offer additional angina relief for individual patients. Carvedilol has vasodi-
latory effects and additional sympathetic alpha blockade that increases symptom relief 
in women with MVA [ 87 ]. Nebivolol has been shown to additionally improve endothe-
lial function through antioxidant properties that reduce markers of infl ammation [ 88 ]. 
A reasonable approach for the clinician managing angina symptoms is trialing alter-
nate beta-blockers particularly in women with non- obstructive coronary artery disease 
who continue to have symptoms on recommended doses of initial beta-blocker choice.  

    Nitrates 

 Nitrates are an effective therapy for occasional and chronic angina symptom relief. 
Short and long-acting formulations of nitroglycerin rapidly cause direct vasodila-
tory effect on the epicardial arteries increasing oxygen delivery to the myocardium. 
Through decreasing preload, myocardial wall tension is lowered, in turn reducing 
ischemia and lowering blood pressure. The blood pressure lowering effect of nitrates 
can be dose limiting. Nitrate therapy has been shown to be effective in SIHD from 
both obstructive CAD and in women with microvascular angina. No clinical trial has 
directly evaluated the use of nitrates in patients with MVA, though an observational 
study of 99 patients with cardiac syndrome X found effective angina relief in 50 % 
of the patients [ 50 ]. Multiple formulations exist including sublingual dissolving 
tablets, mucosal sprays, topical pastes, and long-acting oral formulations of nitro-
glycerin such as isosorbide dinitrate and isosorbide mononitrate. Important caveats 
for the clinician using nitrate therapy include using the lowest dose that provides 
symptom control and educating patients to maintain nitrate free intervals of 10–14 h 
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daily to prevent tolerance to the long-acting formulations. Long-acting preparations 
of nitrates do not cause tolerance to sublingual nitroglycerin, which should be also 
prescribed for immediate angina relief. The increasing need for quick acting nitro-
glycerin tablets or spray should key the clinician to worsening symptoms and the 
need for re-evaluation of the patients IHD. Directions should be given to all patients 
to present for immediate evaluation in an emergency room setting for angina symp-
toms not relieved after using 2–3 doses of short acting nitroglycerin. Patients should 
be reminded that sublingual nitroglycerin tablets lose potency within 6–12 months 
of opening the bottle and must be stored in the manufacturers container at all time.  

    Calcium Channel Blockers 

 Calcium channel blockers (CCBs), including the dihydropyridines: nifedipine and 
amlodipine, or the non-dihydropyridines: such as verapamil and diltiazem are the 
last major class of proven anti-anginal medications [ 89 – 91 ]. The effect of calcium 
channel blockade is a reduction in coronary vascular resistance with increased myo-
cardial perfusion, coupled with decreased systemic arterial pressure. Negative ino-
tropic and chronotropic response of the myocardium reduces oxygen demand and 
provides exertional angina relief [ 92 ]. Caution must be used with existing conduc-
tion defects due to sinus node depression and slowing of atrioventricular node con-
duction that can lead to bradycardia and heart block. This effect is more pronounced 
with the non-dihydropyridines diltiazem and verapamil and is augmented when used 
in combination with any beta-blocker. Use of the dihydropyridines amlodipine or 
nifedipine are least likely to cause excessive heart rate reductions or heart block, but 
can be limited by their strong effects on lowering blood pressure. Additionally in 
patients with reduced left ventricular ejection fraction and heart failure symptoms, 
calcium channel blockers should generally not be used due to worsening of cardiac 
contractility [ 93 ]. CCBs can be equally effi cacious in treating angina in patients with 
intolerance to beta-blocker therapy, and is the recommended substitute. In select 
patients without conduction defects, combining calcium channel blockers with beta-
blockers can provide additional symptom relief. In women with vaso-spastic angina, 
CCBs are the preferred therapy due to their direct coronary vasodilatory effects [ 87 ]. 
The drug interactions of calcium channel blockers (by utilizing cytochrome P450 
metabolism) include amiodarone, digoxin, simvastatin, lithium, cyclosporine, and 
carbamazepine. Elderly women are more prone to drug interactions in general and 
clinicians should be aware of the possibilities and monitor them more carefully.  

    New Classes 

 Ranolazine is among the new antianginal drugs approved by the FDA in 2006 
that work in an alternate manner compared to the standard therapy classes. Acting 
through inhibition of the late inward sodium current and decreasing the sodium 
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dependent calcium current during ischemia, it reduces ventricular diastolic tension 
and myocardial oxygen consumption. Importantly, there is little to no effect on heart 
rate or blood pressure [ 12 ]. As shown in the CARISA and MERLIN TIMI-36 tri-
als, ranolazine reduced the use of sublingual nitroglycerin and angina attacks in 
men and women [ 94 ,  95 ]. Women with MVA experienced a 29 % further decrease 
in angina symptoms as compared to men, and ranolazine may be particularly use-
ful in treating women with SIHD without obstructive coronary artery disease [ 87 ]. 
Ranolazine has QTC prolonging effects that have not shown to be pro-arrhythmic 
alone, but should be used cautiously in combination with other QTC prolonging 
therapies including anti-arrhythmic drugs [ 12 ]. Ranolazine should not be used as 
initial therapy for angina, but can be useful as an adjunct to fi rst line beta-blockers, 
CCBs, or both for the control of symptoms in women with SIHD from obstructive 
CAD, or microvascular disease. 

 A few drugs worth mentioning are currently not available in the USA, but 
approved and used in Europe and elsewhere for angina relief in both men and 
women. Ivabradine is an inhibitor of the “funny channel” (I f ) that is highly expressed 
in the sinoatrial node. Through inhibition of this mixed Na-K channel, Ivabradine 
lowers heart rate and offers similar negative chronotropic effects as beta blockers 
[ 87 ]. Nicorandil is a dual vasodilator with effect on both venous and arterial tone. 
It is a combined K-channel opener and a nitric oxide donor. The net effect is an 
increase in myocardial oxygen delivery and reduced demand [ 96 ]. Trimetazidine is 
a drug with antianginal properties not completely understood but thought to be sec-
ondary to inhibition of fatty acid oxidation. By altering the substrate for myocardial 
metabolism, it shifts energy production to glucose, which is more effi cient in an 
environment with low oxygen delivery such as exercise-induced ischemia [ 97 ].   

    Therapy for Refractory Angina 

 Despite the multiple potential medical and surgical options, refractory angina is 
seen in growing numbers of patients with SIHD. The defi nition of refractory angina 
is symptoms of ischemia in a patient with multi-vessel CAD uncontrolled with 
medical therapy and not amenable to percutaneous or surgical intervention [ 12 ]. 
Alternative therapies are evidence based and accepted to improve quality of life. 

 Enhanced external counterpulsation (EECP) is the use of infl atable cuffs wrapped 
around the lower extremities that infl ate sequentially from the calves up the thighs 
during diastole to augment diastolic pressure and coronary perfusion. They defl ate 
immediately during systole reducing peripheral vascular resistance and improving 
cardiac output. Therapy is prescribed as hour-long sessions fi ve times a week for 35 
sessions, and has shown to decrease angina class and the number of anginal epi-
sodes, with women having equal response to men [ 98 ]. Contraindications to EECP 
are severe aortic regurgitation, decompensated heart failure, and severe peripheral 
vascular disease of the lower extremities. 

 Spinal cord stimulation involves placing a pulse generator subcutaneously with 
an electrical lead inserted in the spinal epidural space at the level of T1 or T2. 
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Stimuli are delivered in a continuous, cyclical, or intermittent mode with a resulting 
inhibition of pain transmission. Limited data has shown sustained improvement in 
angina symptoms with no major side effects [ 99 ]. 

 Surgical interventions that can be considered include trans-myocardial revascu-
larization (TMR) where multiple channels are formed by directing energy through 
the myocardium in order to denervate ischemic myocardium and stimulate microcir-
culation. Thoracic sympathectomy to completely denervate the heart has been uti-
lized alone or in conjunction with TMR for added effect. Referrals to centers offering 
heart transplant or implantation of ventricular assist devices (VAD) that reduce the 
workload on the ischemic heart may be considered in select qualifying patients.  

    Therapy Not Recommended for Treatment of SIHD 

 Current ACCF/AHA guidelines for SIHD have addressed some previously recom-
mended therapies, which are now known to have no benefi t in SIHD, or potential harm 
[ 12 ]. These include the use of estrogen therapy in postmenopausal women, supplemen-
tation of vitamin C, vitamin E, or beta-carotene, and treatment of elevated homocyste-
ine levels with folate, vitamin B6, or vitamin B12. The use of these therapies with the 
intent to reduce cardiovascular risk or improve clinical outcomes has a Class III recom-
mendation (no proven benefi t, possible harm) with level of evidence A (data from 
multiple high quality sources) and should not be used in treating SIHD in women.  

    Revascularization in SIHD 

 The decision process to select the appropriate patient with SIHD that will benefi t 
from revascularization through either percutaneous coronary intervention (PCI) or 
coronary artery bypass grafting (CABG) has recently been the subject of intense 
investigation. The development of guidelines in 2011 by the American College of 
Cardiology Foundation/American Heart Association/ Society for Cardiovascular 
Angiography and Interventions (ACCF/AHA/SCAI) for PCI [ 100 ], and the revised 
appropriate use criteria (AUC) for coronary revascularization in 2012 [ 101 ] have 
laid the groundwork for evidence based clinical decisions making for revascular-
ization in SIHD. A major point emphasized in the new guidelines is prioritizing 
the use of maximum medical therapy in all patients with SIHD. This includes ini-
tiation and titration of antianginal therapy aimed at controlling symptoms using at 
least two classes of drugs as needed prior to consideration of revascularization 
(Fig.  5.1 ).

   Though many patients with SIHD on optimal guideline based medical therapy 
will have signifi cant risk reduction and symptom control, there remain two subsets 
that will benefi t from a strategy involving revascularization. The fi rst are the symp-
tomatic patients who after optimizing medical therapy, and titration of antianginal 
drugs including at least two classes of medication continue to have limiting angina. 
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The second of the groups who benefi t from revascularization are those with obstruc-
tive lesions with high likelihood of decreased survival. These patients are identifi ed 
by stress testing with high-risk fi ndings suggesting extensive areas of ischemic 
myocardium. This anatomically based group has evidence of obstructive disease 
either in all three vessels, or two vessels including the proximal left anterior descend-
ing (LAD) artery, or signifi cant obstruction in the left main (LM) artery alone. 
Survivors of sudden cardiac death caused by a ventricular arrhythmia such as ven-
tricular tachycardia or ventricular fi brillation should also have revascularization to 
prevent recurrence and improve survival [ 12 ] (Figs.  5.2  and  5.3 ).
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  Fig. 5.1    Algorithm for guideline-directed medical therapy for patients with SIHD. †The use of 
bile acid sequestrant is relatively contraindicated when triglycerides are ≥200 mg/dL and is con-
traindicated when triglycerides are ≥500 mg/dL. ‡Dietary supplement niacin must not be used as 
a substitute for prescription niacin.  ACEI  angiotensin-converting enzyme inhibitor,  ARB  
angiotensin- receptor blocker,  ASA  aspirin,  BP  blood pressure,  CCB  calcium channel blocker,  CKD  
chronic kidney disease,  LV  left ventricular,  MI  myocardial infarction,  NTG  nitroglycerin (Adapted 
with permission from ACCF/AHA Guidelines (Fihn et al. [ 12 ]))       
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  Fig. 5.2    Algorithm for revascularization to improve symptoms of patients with SIHD.  CABG  
coronary artery bypass graft,  PCI  percutaneous coronary intervention (Adapted with permission 
from ACCF/AHA Guidelines (Fihn et al. [ 12 ]))       
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    Women have historically had worse outcomes from both post-PCI complica-
tions, and in-hospital mortality after PCI or CABG than their male counterparts 
[ 102 – 104 ]. There are several possible reasons for this disparity, including that 
women have more comorbidities such as diabetes mellitus, hypertension, chronic 
kidney disease, and left ventricular dysfunction. Women are also older in age at 
presentation, and have smaller blood vessels that can increase the risk of revascular-
ization, though the risk has decreased in recent trials [ 105 ]. The decision to pursue 
revascularization in women with SIHD should be made using the same guideline 
based recommendations as in men.  
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  Fig. 5.3    Algorithm for revascularization to improve survival of patients with SIHD (Adapted with 
permission from ACCF/AHA Guidelines (Fihn et al. [ 12 ]))       
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    Percutaneous Coronary Intervention (PCI) 

 In the past, women were under-represented in early PCI trials, and there was prior 
suggestion that women had worse outcomes than men with percutaneous revascular-
ization. Recent studies have shown that revascularization with PCI for SIHD in women 
yields outcomes similar to men [ 105 ]. In the large PCI registry of 22,725 procedures 
between 2002 and 2003 from the Blue Cross Blue Shield of Michigan Cardiovascular 
Consortium (BMC2), gender differences were evaluated in relation to clinical out-
comes [ 106 ]. The analysis showed there was no difference in mortality rates between 
women and men, with more than half of the procedures being done for SIHD rather 
than acute MI. Women tended to be older and had more comorbidities than men, were 
less often smokers and less likely to have had previous PCI or CABG. Women were 
more likely to have single-vessel disease (>70 %), and less likely to have multi-vessel 
disease compared to men. Women did have a signifi cantly higher frequency of adverse 
outcomes after PCI. However, there was no difference in mortality or major cardiovas-
cular events after adjusting for baseline characteristics, comorbidities, presentation, 
and lesion characteristics. Impaired kidney function and smaller size of women 
appeared to be largely responsible for the worse outcomes seen in females. 

 More recently, PCI was shown to be equally successful in both women and men. 
Whether in-hospital and long-term outcomes differ by gender remains unclear [ 4 ]. 
The National Cardiovascular Data Registry (NCDR) CathPCI Registry study of 
426,996 patients ≥65 years of age (42.3 % women) undergoing coronary stenting 
from 2004 to 2008, found that women remain at higher risk of in-hospital mortality 
and other complications post-PCI [ 107 ], although women had a lower adjusted risk 
of death than men at 20.4 months of follow-up. Use of drug-eluting stents (DES) 
compared to bare metal stents (BMS) was associated with similarly improved long- 
term outcomes in both genders. Newer drug-coated stents using chemotherapeutic 
agents to further prevent restenosis have reduced the need for repeat interventions. 
Women, despite having a higher risk profi le, were shown to have comparable bene-
fi ts to men from PCI utilizing paclitaxel drug-eluting stents, as found in the “TAXUS 
Woman” Analysis study of more than 3,000 women [ 108 ]. The only exception was 
a slightly higher revascularization rate in the high-risk group of women. PCI remains 
a valuable method for revascularization that can be performed quickly, with equal or 
better long-term outcomes for women then men. The higher post-procedural risk of 
complications in women makes a more conservative approach to undergoing the 
procedure reasonable if symptoms and risk can be controlled medically [ 12 ].  

    Coronary Artery Bypass Grafting (CABG) 

 Surgical revascularization has been performed since the 1960’s in order to create a 
new conduit for blood fl ow from the aorta to the coronary artery distal to blockages. 
Venous and arterial grafts are both utilized, though long term patency is greatly 
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improved with arterial grafts, most commonly the left internal mammary artery 
(LIMA) [ 109 ]. 

 Similarly to PCI, women have recently shown improvements in long-term out-
comes following CABG, though peri-procedural morbidity and mortality remain 
higher in women than men. As in the previous studies, smaller body size in 
women, which is a surrogate for coronary artery size, largely accounted for the 
gender difference in outcomes [ 105 ]. The Bypass Angioplasty Revascularization 
Investigation 2 Diabetes (BARI 2D) trial randomized over 2,300 patients, 30 % of 
women with type 2 diabetes and SIHD, to medical therapy alone or a revascular-
ization strategy deemed appropriate for CABG or PCI [ 110 ]. At 5 years, rates of 
survival did not differ signifi cantly between the revascularization group and the 
medical therapy group. Overall, there was no signifi cant difference in the rates of 
death and major cardiovascular events between patients undergoing CABG and 
those undergoing medical therapy. The study showed that in patients with diabetes 
and SIHD, intensive medical therapy was equally benefi cial as an initial strategy 
compared to early revascularization by PCI or CABG. However, CABG was supe-
rior in diabetic patients with severe diffuse CAD undergoing revascularization. 
Gender-specifi c data is not yet available, but the BARI 2D fi ndings reinforce the 
COURAGE data in a diabetic patient population specifi cally. More extensive dis-
cussion of surgical revascularization in women can be found in the chapter on 
cardiac surgery.  

    PCI Versus CABG 

 The decision to utilize PCI versus CABG is not always straightforward and is best 
determined by the heart team approach when either the LM is involved or lesions 
are complex. The heart team includes an interventional cardiologist, cardiac sur-
geon, and the primary cardiologist, who in discussion with the patient can plan a 
method for revascularization that offers the most benefi t to the patient taking into 
account their preference. Scoring systems such as the SYNTAX score have been 
developed to guide decision-making. The SYNTAX trial, randomized 1,800 patients 
with complex CAD, either three-vessel disease or left main disease, to complete 
revascularization utilizing either PCI or CABG [ 111 ]. The primary results were in 
favor of CABG after 12 months of follow up with less major cardiovascular and 
cerebrovascular events. The study was important for its use of both newer methods 
of CABG and PCI with drug eluting stents (DES) representing a modern real world 
approach. The SYNTAX score was developed through post-hoc analysis of the 
CAD characteristics including lesion location, severity, and extend of coronary ste-
nosis. Patients with low scores ≤22 were found to have no difference in outcomes 
at 3 years, while those with higher scores did worse with PCI [ 112 ]. Gender specifi c 
data analysis is absent in SYNTAX with women representing 21 % of the CABG 
arm, and 23.6 % in the PCI group. Current guidelines recommend approaching 
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revascularization gender-neutrally. When done appropriately in non- straightforward 
cases, all relevant information is gathered which may include stress tests, viability 
studies, and the diagnostic angiogram. All options are discussed between the heart 
team and the patient prior to undergoing elective revascularization for SIHD. 

 All clinicians have the opportunity to help their patients utilize medical and life-
style therapy to control symptoms of SIHD. Women with appropriate indications 
after optimization of guideline based medical therapy, should have revasculariza-
tion options pursued by a cardiologist and in collaboration with a heart team to 
provide the best outcomes for the individual patient.  

    Summary 

 Ischemic heart disease (IHD) is the leading cause of mortality and morbidity in 
women. The cardiovascular risk of women tends to be underestimated with conse-
quent underutilization of preventive therapies and appropriate guideline based IHD 
therapy for women [ 10 ]. This can be partially attributed to more frequent atypical 
anginal symptoms in females and diffi culty in making the diagnosis of IHD. 
Obstructive coronary atherosclerosis, the male model of coronary artery disease, 
constitutes the basis for diagnosis and therapy for both genders. Because a large 
number of women with IHD present without obstructive CAD or are referred less 
often for coronary angiography, relatively fewer women will be treated. Noninvasive 
and invasive testing can be utilized in the evaluation of ischemic heart disease in 
women. With the advances in the treatment of coronary heart disease (CHD) and 
ischemic heart disease (IHD) in recent years, mortality from CAD has signifi cantly 
improved. However, these reductions are smaller in women when compared to those 
seen in men. 

 Despite the fact that women with stable ischemic heart disease tend to have less 
obstructive coronary artery disease as compared to men, they tend to have a higher 
prevalence of symptoms, ischemia, and mortality. Microvascular angina is more 
prevalent in women and is not associated with a benign outcome. With the lack of 
standardized testing available, clinical diagnosis of ischemic symptoms is of pri-
mary importance. There is no gender difference in SIHD therapy based on current 
guidelines either for obstructive CAD or microvascular disease. The cornerstones of 
risk factor modifi cation include exercise, lifestyle changes, dietary changes, weight 
reduction, and guideline based optimal medical therapy. Anti-anginal therapy 
including beta-blockers, calcium channel blockers, and nitrates remain mainstay of 
therapy in treating the symptomatic SIHD in women. Revascularization, either per-
cutaneous or surgical, should be considered for medically refractory stable ischemic 
heart disease or in the presence of an acute coronary syndrome. With increasing 
awareness of IHD in women, clinicians and patients can start an early comprehen-
sive approach utilizing lifestyle changes, medical therapy, and revascularization, 
which may help to close the gap between the genders.     
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           Introduction 

 More than 700,000 patients per year are discharged from U.S. hospitals with a diag-
nosis of acute coronary syndrome (ACS) [ 1 ]. The average age at presentation for a 
fi rst myocardial infarction (MI) is 64.7 years for men and 72.2 years for women. 
The lifetime risk of developing coronary heart disease (CHD) after 40 years of age 
is 49 % for men and 32 % for women [ 2 ], while the incidence of CHD in women 
lags behind men by 10 years for total CHD and by 20 years for more serious clinical 
events such as MI and sudden death [ 3 ]. Although coronary artery disease (CAD) is 
the number one cause of mortality for both men and women in the United States 
[ 4 ,  5 ], it is underappreciated, especially by women in the at risk age range and the 
physicians taking care of them. In fact, female gender seems to confer unique quali-
ties with respect to clinical presentation, pathophysiology and therapeutic options. 
Recently, a focus on raising awareness of these key differences in CAD presentation 
and therapies for women has occurred through public awareness campaigns 
(i.e. American Heart Association Go Red for Women). 

 The presentations experienced are signifi cantly diverse with men more likely to 
present with sudden death or acute myocardial infarction, whereas women tend to 
develop atypical chest pain syndromes and angina pectoris [ 6 ,  7 ]. It is thought that 
the later presentation for women compared to men is potentially due to protective 
effect of estrogens (plaque stabilization, plaque rupture prevention) [ 8 ], but at the 
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same time, women with acute coronary syndromes (ACS) carry higher risk profi le 
at the time of presentation since they tend to be older, have more co-morbid condi-
tions, such as diabetes mellitus (DM) and hypertension, and more often present with 
heart failure when compared to men [ 4 ,  7 ,  9 ]. 

    Pathophysiology 

 Previous studies have suggested that the pathophysiology of ACS in women and 
men may also differ. Men are more likely to have ruptured plaques [ 10 ,  11 ], whereas 
women more often present with plaque erosions [ 12 ,  13 ]. This observation may 
potentially explain the longer periods of angina upon presentation in women rather 
than sudden onset of chest pain in men. The results of the PROSPECT trial 
(Providing Regional Observations to Study Predictors of Events in the Coronary 
Tree) demonstrated that women with ACS have less extensive CAD by angiography 
[ 4 ,  9 ], lower rates of plaque rupture, smaller necrotic cores and less calcium, but 
similar overall plaque burden. Additionally, generally smaller lumen diameters in 
women’s coronary arteries were confi rmed by intravascular ultrasound (IVUS), 
along with signifi cantly smaller total fi brous plaque volume. These high risk fea-
tures may explain similar rates of adverse cardiovascular events such as sudden 
cardiac death and myocardial infarction (MI) at 3 years, despite less extensive CAD 
in women [ 4 ]. Thin capped fi broatheroma (TCFA) appear to identify more vulner-
able plaque in women compared to man and seem to be the strongest histological 
predictor of major adverse cardiac events (MACE) [ 4 ]. 

 Given the lower likelihood of obstructive CAD at the time of angiography in 
women who present with a history consistent with ACS, it is hypothesized that there 
may be a greater burden of microvascular disease and abnormal vasodilatory reserve 
leading to subendocardial ischemia, or coronary spasm that mimics ACS secondary 
to epicardial vessel obstructive CAD [ 14 ]. 

    ACS/NSTEMI 

 Despite the high cardiovascular morbidity and mortality in women presenting with 
ACS and the established benefi ts of percutaneous coronary intervention (PCI) in 
reducing fatal and non- fatal ischemic complications in high risk acute coronary 
syndrome patients, only about one third of annual PCI procedures for ACS are per-
formed in women. Women experience greater time delays in undergoing diagnostic 
angiography and PCI and undergo diagnostic coronary angiography less frequently 
than men [ 15 ]. Some of these differences in practice may partially be explained by 
the female patient’s risk profi le at presentation including advance age and increased 
potential risk for adverse procedural outcomes. 

 Gender differences in the management of ACS have been described in both 
observational and randomized clinical studies [ 16 – 19 ]. As noted above, women are 
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less likely to undergo diagnostic coronary angiography and revascularization for 
ACS [ 17 ]. Controversy exists with respect to the benefi t of revascularization treat-
ment in women in the setting of ACS. A subgroup analysis of the FRISC 2 trial 
(Fragmin and Revascularization during Instability in Coronary artery disease) and 
RITA 3 trial (Third Randomized Intervention Trial of Unstable Angina) demon-
strated that an early revascularization strategy in women might be associated with 
an increased risk of death and MI when compared to a more conservative strategy 
[ 20 ,  21 ]. In contrast, the results of the TACTICS- TIMI 18 trial (Treat angina with 
Aggrastat and determine Cost of Therapy with an Invasive or Conservative Strategy- 
Thrombolysis in Myocardial Infarction-18) demonstrated an equal benefi t from 
early revascularization in men and women, with the highest benefi t in women at 
highest risk (defi ned as presence of elevated cardiac biomarkers) [ 22 ]. A meta- 
analysis of randomized clinical trials (RCT) by O’Donoghue, et al., comparing an 
early invasive strategy with conservative therapy in patients with unstable angina/
non-ST segment elevation myocardial infarction (UA/NSTEMI) found that invasive 
strategy has a comparable benefi t in men and high risk women (high risk again 
defi ned as elevated biomarkers or ST segment deviation on EKG) for reducing the 
composite end point of death, MI, or re-hospitalization with ACS. In contrast, low 
risk women (without biomarker elevation) had a non-signifi cantly higher risk of 
death or MI compared with those treated conservatively [ 14 ]. 

 The OASIS 5 invasive sub study demonstrated no difference in the primary out-
come between routine invasive and selective invasive strategies in women, but sug-
gested a higher mortality in the routine invasive group [ 23 ]. Finally, data from 
SWEDEHEART study (Swedish Web- System for Enhancement and Development of 
Evidence- Based Care in Heart Disease Evaluated According to Recommended 
Therapies) demonstrated a similar mortality benefi t in both genders presenting with 
UA/NSTEMI treated with an early invasive strategy, without a gender interaction: 
women (RR = 0.46, 95 % CI 0.38–0.55) and men (RR = 0.45, 95 % CI 0.40–0.52) [ 24 ]. 

 In summary, based on evidence presented above, high risk patients of either gen-
der benefi t from an early invasive strategy, and have better outcomes with early 
revascularization than conservative therapy. Alternatively, low risk patients, espe-
cially women (defi ned as TIMI risk score <3, no ST segment deviation, and nega-
tive biomarkers) should be treated conservatively [ 14 ,  16 ]. This is refl ected in the 
ACC/AHA guidelines update [ 16 ] (Table  6.1 , Fig.  6.1 ).

        STEMI (ST Elevation Myocardial Infarction) 

 STEMI comprises 25–40 % of ACS presentations in observational studies. 
According to the most recent National Registry of Myocardial Infarction 4 (NRMI- 
4), that number is around 29 % of ACS presentations [ 25 ,  26 ]. Signifi cant improve-
ments in the understanding the pathophysiology of atherosclerosis, especially the 
mechanism of acute myocardial infarction and intervening with appropriate thera-
pies has resulted in not only a decreased incidence of recurrent STEMI, but also 
improved mortality rates, both in-hospital (5–6 %) and at 1-year (7–18 %) [ 27 ,  28 ]. 
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 Approximately 20–30 % of patients presenting with STEMI are women [ 29 ,  30 ]. 
In earlier STEMI trials women were signifi cantly underrepresented. This is thought 
to be due to the basic pathophysiologic difference in ACS presentation between men 
and women. Women presented more often with NSTEMI as they tended to have 
more atherosclerotic plaque erosion whereas men had plaque rupture and vessel 
occlusion [ 8 ,  31 ]. However the proportion of women, especially younger women, 
has increased in the STEMI population. This proportionate increase in women 
seems to be related to an increase in risk factors such as smoking and obesity in 
these studies suggesting possible change in plaque pathophysiology and, therefore, 
plaque instability. Also, women tend to have increased mortality after a STEMI 
compared to men despite receiving optimal or similar therapy to men [ 29 ,  32 ]. 
Women also seem to have higher incidence of complications from the therapy 
administered including more bleeding from antiplatelet and lytic therapy, more vas-
cular complications, and also increased rates of renal failure [ 32 – 35 ]. Thus the 
increase in the incidence of STEMI in women combined with the higher mortality 
despite optimal therapy, and higher complication rates with invasive and non- 
invasive therapy make them a unique group requiring special consideration and 
more dedicated research. 

 The treatment of STEMI includes the acute phase and long term management 
phase. The acute management includes pre-hospital management, reperfusion strat-
egies, and the management of the hospitalization including the complications of the 
MI and the reperfusion strategy selected.    

   Table 6.1    Early invasive vs. conservative therapy for patients with UA/ NSTEMI adapted from 
ACC/AHA guidelines   

 Preferred strategy  Patient characteristics 

 Early Invasive  Recurrent angina or ischemia at rest or with low-level activities despite 
intensive medical therapy 

 Elevated cardiac biomarkers (TnT or TnI) 
 New ST-segment depression 
 Signs or symptoms of HF 
 New or worsening mitral regurgitation 
 High-risk fi ndings from noninvasive testing 
 Hemodynamic instability 
 Sustained ventricular tachycardia 
 PCI within 6 months 
 Prior CABG 
 High-risk score (e.g., TIMI, GRACE) 
 Mild to moderate renal dysfunction 
 Diabetes mellitus 
 Reduced LV function (LVEF <40 %) 

 Conservative  Low-risk score (e.g., TIMI, GRACE) 
 Patient or physician preference in the absence of high-risk features 

  With permission from Jneid et al. [ 16 ]  
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UA/ NSTEMI

ASA (IA)

Management Strategy

Early invasive Strategy Conservative Strategy

A-coagulation (IA)               A- coagulation (IA)

UFH or Enoxaparin ( IA)             UFH or Enoxaparin (IA)

Bivalirudin (IB) Fondaparinux (IB)

Fondaparinux (IB)

Add second a-platelet agent Start:            

Clopidogrel or Ticagrelor (IB) or Clopidogrel (IA) or Ticagrelor (IB)

GP IIbIIIa inhibitor (IA)

Catheterization

CABG Medical therapy: 

ASA 81 (IA) PCI Discontinue GP IIbIIIa inhibitor

Clopidogrel (IA) or Continue Clopidogrel or

Ticagrelor (IB) or Ticagrelor as per Conservative 

Prasugrel (IB) or  Strategy

GP IIbIIIa inhibitor (IA)

  Fig. 6.1    Adapted from ACC/AHA guidelines for Initial Management of UA/NSTEMI (2012) 
(With permission from Jneid et al. [ 16 ])       
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    Pre-hospital Management 

 Initial studies raised the concern, which was probably justifi ed during that time 
period that women were not getting standard of care management for their STEMI 
presentations. In the CRUSADE (Can Rapid Risk Stratifi cation of Unstable Angina 
Patients Suppress Adverse Outcomes with Early Implementation of the ACC/AHA 
Guidelines) registry female gender was a strong independent predictor of a failure 
to receive reperfusion therapy among patients who had no contraindications [ 36 ]. 
Women included in the NCDR (National Cardiovascular Data Registry) ACTION 
Registry–GWTG (Get With The Guidelines) presented later after symptom onset, 
had longer door-to-fi brinolysis or door-to-balloon (or device) (D2B) times, and did 
not receive aspirin or beta blockers within 24 h of presentation as often [ 36 ]. 
However, a recent assessment of the effects of a statewide program for treatment of 
STEMI suggests signifi cant improvements in treatment times that were similar for 
whites and blacks and for women and men [ 37 ]. Recognizing the problem has been 
the real challenge in pre-hospital management of STEMI in women. Women tend to 
present with atypical symptoms delaying the initial diagnosis [ 38 ]. However, once 
the diagnosis has been established the morbidity and mortality are driven by the 
patient’s co-morbidities rather than by sub-optimal treatment. There are still regional 
differences in symptom recognition to ECG time and also symptom onset to hospi-
tal time as demonstrated by multiple studies [ 39 ,  40 ]. Thus, there is a need for more 
campaigns to educate women and health care workers to recognize atypical symp-
toms for angina, and obtain a timely ECG as soon as it is recognized. 

 Once EMS suspects a possible ACS on a call the patient is asked to chew 324 mg 
(four 81 mg tablets) of aspirin to help hasten the onset of systemic action. 
Nitroglycerin in the appropriate clinical setting may help with some symptom relief, 
but has not demonstrated any mortality benefi t in trials. Also, caution should be 
exercised with inferior STEMI patients as right ventricular involvement of the 
infarction could potentially cause signifi cant hypotension with nitroglycerin. 
Oxygen therapy is routinely administered and has no proven harm and opioids seem 
to relieve anxiety and pain. Activation of the STEMI alarm at hospitals that perform 
primary PCI by the EMS personnel from the fi eld has resulted in shorter door to 
balloon times resulting in better outcomes [ 41 ].  

    ED and Hospital Management 

 Once in the emergency room, the focus shifts to choosing the appropriate reperfu-
sion strategy [ 42 ]. If primary PCI is available, it should be performed in the shortest 
time possible. The ACC/AHA guidelines recommend that reperfusion (the door 
to balloon time) be achieved in <60 min from time of arrival to the ED. If primary 
PCI is not available and the nearest primary PCI center is >120 min away, then 
the ACC/AHA Class 1 recommendation is to consider thrombolytic therapy if no 
contraindications exist. If thrombolytic therapy is the reperfusion strategy of choice 
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for the patient, it should be accomplished within 30 min of arrival to the ED. Dual 
anti-platelet therapy should be initiated as soon as possible. Currently, there are 
three drug options are available for patient’s undergoing urgent PCI: clopidogrel, 
prasugrel, and ticagrelor. No published literature exists on gender specifi c differ-
ences in the type of thrombolytic therapy or anti-platelet agents. 

 PCI: Invasive reperfusion therapy has no signifi cant gender related issues per se. 
In general, women tend to have more diffuse disease in signifi cantly smaller vessels 
making them less than ideal for PCI. Women tend to be older than men at the time 
of presentation, with more comorbidities and, therefore, they tend to have more 
complex lesions. For these reasons the procedural success rate in women in various 
studies is lower than that of men [ 42 ]. Also, patients with failed PCI attempts have 
a higher short term and long term mortality, in some studies up to 20 and 50 %, 
respectively [ 43 ]. The evidence suggests that MACE is reduced with placement of 
a stent when compared to balloon angioplasty alone in STEMI. Even though they 
have smaller caliber vessels and a higher incidence of DM requiring smaller stents, 
both risk factors for in-stent restenosis, women tend to have a lower incidence of 
restenosis compared to men [ 44 ]. The drug eluting stents seem to perform equally 
well in women and men [ 45 ]. Thus, it appears that choice of stent should not be 
guided by gender differences. 

    Early Invasive Therapy: Adjunctive Pharmacotherapy 

    Antiplatelet Therapy 

   Aspirin 

 Acetylic Acid (ASA) irreversibly blocks cyclo-oxygenase and the synthesis of ara-
chadonic acid- derived thromboxane A2- a strong promoter of platelet aggregation. 
ASA signifi cantly inhibits platelet function within 60 min of administration [ 46 ]. 
ASA therapy reduces cardiovascular mortality, which is well established. ASA 
(four 81 mg tablets) should be administered as soon as possible after presentation 
with acute coronary syndrome and continued indefi nitely [ 16 ]. The ISIS-2 trial 
(International Study of Infarct Survival- 2) demonstrated that reduction in mortality 
with ASA vs. placebo in acute MI was lower in women (16 %) when compared to 
men (22 %), although the difference was not statistically signifi cant [ 47 ]. Further 
analyses revealed no clear outcome benefi t of ASA in doses greater than 100 mg/
day compared with lower doses in women, despite previously reported higher plate-
let reactivity, and resulted in higher incidence of bleeding [ 48 – 51 ].  

   P2Y12 Receptor Inhibitors 

 Thienopyridines: Clopidogrel and prasugrel, selectively and irreversibly inhibit the 
P2Y12 ADP platelet receptor, which plays a critical role in platelet activation and 
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aggregation. Both agents work synergistically with ASA in providing greater plate-
let inhibition than either agent alone [ 46 ]. 

 The prodrug, clopidogrel, is inactive in vitro, and is metabolized by a cytochrome 
P450-3A4 to become the active metabolite. The standard 300 mg loading dose of 
clopidogrel requires up to 6 h for maximal antiplatelet effect, whereas a 600 mg 
dose achieves that goal in about 2 h. Full platelet inhibition is achieved within 
2–3 days of therapy onset with a daily dose of clopidogrel 75 mg following a load-
ing dose. Platelet function recovers in 5–7 days after discontinuation of the drug 
[ 46 ]. The pivotal trial for Clopidogrel, the CURE trial (Clopidogrel in Unstable 
angina to prevent Recurrent Events), evaluated 12,562 patients with UA/NSTEMI 
who were randomized to clopidogrel or placebo, and demonstrated a 20 % relative 
risk reduction in the composite primary end point of death, MI, stroke at 1 year, at 
the cost of 1 % increased risk of major bleeding. Similar benefi ts were observed in 
women (RR 0.77, 95 % CI 0.52–1.15) and men (RR 0.65, 95 % CI 0.48–0.87) 
[ 49 ,  52 ]. A signifi cant limitation of the trial was the non- routine use of an early 
invasive strategy at the time of study as only 44 % of patients underwent cardiac 
catheterization at the time of index hospitalization. A 9.6 % rate of major bleeding 
was observed among patients who received clopidogrel within 5 days of CABG [ 49 , 
 52 ]. Accordingly the ACC/AHA guidelines recommend that clopidogrel should be 
discontinued 5–7 days before CABG unless the urgency of CABG outweighs the 
risk of bleeding (class l indication) [ 16 ,  42 ]. 

 Prasugrel is a novel thienopyridine and prodrug and, like clopidogrel, requires 
conversion to an active metabolite before binding to the platelet P2Y12 receptor to 
confer antiplatelet activity. Prasugrel inhibits ADP–induced platelet aggregation 
more rapidly, more consistently, and to a greater extent than does clopidogrel in 
patients with coronary artery disease, undergoing PCI [ 53 ]. The TRITON- TIMI 38 
trial (Trial to Assess Improvement in Therapeutic Outcomes by Optimizing Platelet 
Inhibition with Prasugrel- Thrombolysis in Myocardial Infarction 38) was a land-
mark trial that studied prasugrel (60 mg loading dose, followed by 10 mg/day) in 
patients with ACS (74 % with UA/NSTEMI) compared to standard dose Clopidogrel 
(300 mg followed by 75 mg/day) in 13,600 patients [ 53 ]. The prasugrel loading 
dose was administered before, during or within 1 h after PCI but only after coronary 
anatomy had been defi ned. Prasugrel was associated with 2.2 % absolute risk reduc-
tion and a 19 % relative risk reduction with respect to the primary end point (a 
composite of cardiovascular death, MI, stroke). Data from a landmark analysis 
demonstrated that prasugrel was superior to clopidogrel within hours of administra-
tion, which is consistent with its more rapid onset of action. The rates of stent 
thrombosis were signifi cantly reduced when compared to clopidogrel, from 2.4 to 
1.1 % (p < 0.001) by prasugrel. However, prasugrel was associated with signifi cant 
increase in the rate of bleeding complications (2.4 % for prasugrel compared to 
1.8 % for clopidogrel, HR 1.32, 95 % CI1.03–1.68, p = 0.03), including the rates of 
fatal bleeding, and CABG- related bleeding [ 53 ]. 

 A post hoc analysis suggested three groups of ACS patients who did not have net 
clinical benefi t (defi ned as the rate of death, MI, stroke or non- CABG related bleed-
ing) from prasugrel. Patients with history of stroke or TIA had net harm from 
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prasugrel therapy and patients age ≥75 years or with a body weight of <60 kg had 
no net benefi t from prasugrel therapy. In both treatment groups patients with at least 
one of these risk factors had higher rates of bleeding than those without them [ 53 ]. 
While there are not gender specifi c data available for prasugrel, female patients tend 
to be older and generally weigh less, often falling into one of the relative contrain-
dication categories. 

 Ticagrelor is a novel non-thienopyridine, reversible P2Y12 antagonist, which 
does not require metabolic activation in vivo, has a rapid onset of action, greater 
inhibition of platelet aggregation and signifi cantly faster reduction in effect at drug 
termination when compared to clopidogrel. The pivotal trial for ticagrelor, the 
PLATO trial (Study of Platelet Inhibition and Patient Outcomes) enrolled 18,624 
patients with ACS (16.7 % with UA, 42.7 % with NSTEMI) and randomized them 
to receive a standard dosing regimen of clopidogrel (300 mg loading dose followed 
by 75 mg/day) or ticagrelor (180 mg loading dose, followed by 90 mg twice daily) 
[ 54 ]. The composite endpoint of cardiovascular death, MI or stroke as well as the 
primary safety end point of major bleeding event was compared between the 
groups. Ticagrelor was associated with 2 % ARR (HR 0.84, 95 % CI 0.770.92, 
p = 0.0003) of the primary endpoint in patients with NSTEMI. The benefi ts of 
ticagrelor were present at 30 days of therapy and persisted for up to 360 days, and 
were similar across invasive or conservative strategies. Notably Ticagrelor was 
associated with 1.4 % ARR in all- cause mortality and lower rates of defi nite stent 
thrombosis without an increase in the risk of bleeding, including CABG- related 
bleeding [ 54 ]. 

 The pivotal trials for prasugrel and ticagrelor demonstrated relatively smaller 
reductions in the primary endpoint in women compared to men, however, neither of 
the studies clearly defi ned a signifi cant interaction between gender and treatment 
assignment nor were they powered to analyze treatment interactions between sub-
groups [ 55 ].  

   GP IIb/IIIa Inhibitors 

 Abciximab, tirofi ban, eptifi batide block the platelet GP IIb/IIIa receptor mediated 
fi nal common pathway of platelet aggregation by preventing binding of fi brinogen 
[ 46 ]. Their effi cacy has been well established during PCI procedures in patients 
with UA/NSTEMI, particularly among high risk patients, such as those with ele-
vated cardiac biomarkers and diabetes mellitus [ 56 ,  57 ]. 

 Although treatment with GP IIb/IIIa antagonists was associated with a signifi -
cant reduction in death or MI at 30 days in men, women had worse outcomes with 
such therapy [ 55 ,  56 ]. This difference can potentially be explained in part by clini-
cal characteristics of the patients. Women enrolled in those trials tended to be older, 
had more extensive MI’s and had more co-morbid conditions. When risk was fur-
ther stratifi ed by troponin level no gender differences were seen [ 55 ]. More recent 
trials have not demonstrated signifi cant differences in outcomes stratifi ed by gen-
der, potentially due to concomitant use of clopidogrel [ 55 ,  58 ].   
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    Anticoagulant Therapy 

 Unfractionated Heparin (UFH) is an indirect thrombin inhibitor, which complexes 
with antithrombin (AT), converting this circulating cofactor from a slow to rapid inac-
tivator of thrombin, factor Xa, and to a lesser extent, factors XIIa, XIa and IXa [ 46 ]. 
The anticoagulant response to a standard dose of UFH varies widely among patients, 
which makes it necessary to monitor the response in each patient, using the activated 
clotting time (ACT) and to titrate the dose to the individual patient anticoagulation 
level. In women UFH has been commonly used in combination with ASA for medical 
treatment of UA/NSTEMI as well as in early invasive strategy with PCI [ 15 ]. 

 A weight adjusted dosing regimen is standard for all patients with a goal ACT: 
250–350 s [ 15 ]. Lower doses of heparin and therefore lower ACTs should be con-
sidered in women and elderly patients, especially when used in combination with 
GP IIb/IIIa inhibitors during PCI [ 59 ]. It has also been recognized that prolonged 
therapy with UHF has been associated with increased risk of bleeding without add-
ing benefi t and therefore, no additional heparin is recommended after completion of 
the PCI procedure [ 59 ]. 

   Low Molecular Weight Heparin (LMWH) 

 Enoxaparin and Dalteparin are low molecular weight heparins, which are fragments 
of UFH produced by a controlled enzymatic depolymerization process. Similar to 
unfractionated heparin they work by binding to antithrombin 3, causing a conforma-
tional change that accelerates the interaction of AT with thrombin and factor 
Xa [ 46 ]. Compared to UFH, LMWH’s anti- Xa activity predominates over its anti- 
thrombin activity. In addition it has better bioavailability, is more conveniently 
administered by subcutaneous injections, produces more predictable dose response, 
causes less platelet activation and results in less heparin induced thrombocytopenia 
(HIT) [ 59 ]. The effi cacy and safety of the a commonly used LMWH, enoxaparin, 
was studied in patients with UA/NSTEMI undergoing PCI in 2 trials. The A-Z Trial 
(Aggrastat to Zocor phases) enrolled 3,987 patients, 29 % of which were women, 
and the SYNERGY trial (Superior Yield of the New Strategy of Enoxaparin, 
Revascularization, and Glycoprotein IIb/IIIa Inhibitors) enrolled 9,978 patients of 
which 34 % were women. Both studies met their non- inferiority endpoints, demon-
strating no signifi cant reduction in benefi t of enoxaparin when compared to UFH in 
either women or men undergoing PCI for ACS. No signifi cant difference in the rate 
of major bleeding was found between two agents [ 60 ,  61 ].  

   Direct Thrombin Inhibitors 

 Bivalirudin is a synthetic direct thrombin inhibitor with a short half-life. It acts on 
both circulating and clot-bound thrombin, with much higher thrombin specifi city 
when compared to UFH and no platelet activation effect. It has been extensively 
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studied in patients with ACS undergoing PCI. In a meta-analysis of 8,497 patients 
undergoing elective or urgent PCI for ACS, comparing direct thrombin inhibitors to 
UFH, there was a signifi cant reduction in death or MI (4.6 % vs 6.6 %, RRR 0.68, 
95 % CI 0.57–0.83, p < 0.001) and lower rates of bleeding complications [ 62 ]. In the 
REPLACE 2 trial (Randomized Evaluation in Percutaneous Coronary Intervention 
Linking Angiomax to Reduced Clinical Events) bivalirudin with provisional or 
bailout use of GB IIb/IIIa inhibitor was compared to planned use of UFH with GP 
IIb/IIIa inhibitors in 6,010 patients (26 % women) undergoing PCI looking at isch-
emic and bleeding outcomes. In that trial female gender was an independent predic-
tor of death and bleeding complications [ 63 ]. Among women treated with bivalirudin 
or heparin there was no difference in the individual or composite ischemic end 
points, but bivalirudin was associated with a signifi cant reduction in major bleeding 
at 30 days that persisted out to 6 months (34.1 % with UFH vs 19.7 % with bivali-
rudin, p < 0.001) [ 63 ]. 

 The landmark ACUITY trial confi rmed the reduced bleeding event rates with 
Bivalirudin and its non- inferiority with respect to ischemic outcomes in patients 
with UA/NSTEMI undergoing PCI [ 64 ]. In this trial 13,819 patients (4,157 were 
women, 30.1 %) were enrolled, and randomized into three different treatment arms: 
heparin (UFH or enoxaparin) +/− GPI, or bivalirudin plus GPI, or bivalirudin alone. 
Major bleeding (not related to CABG), composite ischemia (death, MI, revascular-
ization), and net clinical outcome (composite ischemia or bleeding) were compared. 
Women had similar 30 days composite ischemic event rates as men (7 %vs 8 %, 
p = 0.07), but greater 30 day rates of major bleeding (8 % vs 3 %, p < 0.001) and net 
clinical outcomes (13 % vs 10 %, p < 0.001). One year ischemic outcomes and mor-
tality were similar in both genders [ 64 ]. 

 At 30 days women treated with bivalirudin as compared to GPI + UFH had sig-
nifi cantly less major bleeding events ( 5 % vs 10 %, p < 0.001) and the same rate of 
composite ischemia ( 7 % vs 6 %, p = 0.15). There was no difference found in 1 year 
composite ischemia and mortality endpoints in women with respect to treatment 
with bivalirudin vs UFH + GPI. In summary, bivalirudin monotherapy compared to 
GPI- based strategy in women resulted in signifi cantly reduced bleeding rates, but 
similar 1 year composite ischemia and mortality rates [ 64 ,  65 ]. 

 The medical management of acute coronary syndromes is outlined in the AHA/
ACC guidelines as noted in Table  6.2 .

          Outcomes by Device 

    Bare Metal Stents and Drug Eluting Stents 

 In clinical trials, the outcomes with bare metal stenting in women are similar to men 
in regards to in- hospital mortality and target lesion revascularization [ 66 ]. In a real 
world experience of patient and lesion subsets, mortality rates are similar or higher 
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   Table 6.2    Summary of ACC/AHA guidelines for the management of Patients with Unstable 
Angina/N-ST Elevation Myocardial Infarction (2007, 2011, 2012)   

  Anti- ischemic therapy  
 Class I indications: 
  Bedrest and Telemetry 
  Oxygen (maintain saturation >90 %) 
  Nitrates (sl nitroglycerin x3, oral/topical, iv for ongoing ischemia, heart failure, hypertension) 
  Oral Beta Blockers: should be initiated in fi rst 24 h if no contraindications exist 
  ACE inhibitors: should be initiated in fi rst 24 h for heart failure or EF <40 % 
  ARB: for patients who cannot tolerate ACE inhibitors 
  Statin 
 Class IIa indications: 
  Iv Beta Blockers if no contraindications exist ( see below) 
  ACE inhibitors in all patients with ACS 
 Class III (what should not be given) 
  Nitrates if BP <90 mmHg or RV infarction 
  Nitrates within 24 h of Sildenafi l or 48 h of Tadalafi l use 
  Immediate release dihydropyridine CCB in the absence of Beta Blocker therapy 
  Iv ACE inhibitors 
   Iv Beta Blockers in patients with: acute heart failure, low output state or cardiogenic shock, PR

 interval >0.24 s, 2nd or 3rd degree heart block, active asthma, or reactive airway disease 
  NSAID’s and Cox-2 inhibitors 
  Anti-platelet therapy  
 Class I indications 
  ASA (162–325 mg), non-enteric coated a, b  
   Clopidogrel for patients with ASA allergy/intolerance (300–600 mg loading dose followed by

 75 mg maintance dose) ot Ticagrelor 
  GI prophylaxis should be given to patients with history of GI bleeding 
   The use of dual a-platelet therapy or GP IIb/IIIa should be evaluated based on whether and

 invasive or conservative strategy is used 
  Patients with UA/NSTEMI in whom invasive strategy is selected should receive dual a- 

platelet therapy on presentation ( Class1A); in addition to ASA, choice of 2nd a- platelet 
agent should include one of the following:  

 Before PCI: 
  Clopidogrel ( loading dose 300–600 mg, followed by 75 mg daily for minimum 12 months) or 
  Ticagrelor or 
  An iv GP IIb/IIIa inhibitor, preferably iv eptifi batide or tirofi ban 
 At the time of PCI: 
   Clopidogrel if not started before PCI (600 mg should be given as early as possible before or at

 the time of PCI, or 
   Prasugrel (60 mg loading dose should be given promptly and no later than 1 h of PCI, followed

 by 10 mg daily for minimum 12 months) or 
  Ticagrelor (180 mg loading dose, followed by 90 mg twice daily for minimum 12 months) or 
   Iv GP IIb/IIIa inhibitor 
  Anticoagulant therapy: relative choice depends on invasive vs conservative strategy  
 Class I indications 
  Unfractionated Heparin or 
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in women after stenting because of other confounding risk factors rather than female 
gender [ 63 ]. An analysis by Onuma, et al. which compared bare metal stents (BMS) 
with drug eluting stents (DES) in women showed no difference in 3- year outcomes 
between the genders, despite worse baseline clinical characteristics in women [ 67 ]. 
In patients treated throughout the BMS and DES eras, there were no differences by 
gender in all- cause mortality, MI or target lesion revascularization (TLR) at 3 years. 
Higher procedural complexity was observed in the DES era. At 3 years MACE and 
revascularization rates in women were signifi cantly lower with DES than BMS (HR 
for TLR 0.52, 95 % CI 0.36–0.75, HR for MACE 0.63, 95 % CI 0.48–0.83) [ 64 ]. 
Another study by Fath- Ordoubadi et al., demonstrated equal effi cacy and safety of 
DES in both genders [ 68 ]. Multivariate analysis in this study, which evaluated age, 
hypertension, diabetes mellitus, and number of diseased vessels, demonstrated that 
gender was not a predictor for adverse outcomes [ 68 ]. 

 Gender-based differences in long-term clinical and angiographic outcomes after 
coronary revascularization with DES were also analyzed in a recent study by 
Stefanini, et al. [ 69 ]. After adjustment for baseline differences, women and men had 
a similar risk of cardiac death or MI (odds ratio [OR]: 1.13, 95 % confi dence inter-
val [CI]: 0.82–1.56, p = 0.44), cardiac death (OR: 1.04, 95 % CI: 0.61–1.80, p = 0.87), 
and MI (OR: 1.07, 95 % CI: 0.75–1.53, p = 0.71) at 2 years. Similarly, the risk of 
target lesion revascularization (OR: 1.09, 95 % CI: 0.77–1.54, p = 0.62), target ves-
sel revascularization (OR: 0.88, 95 % CI: 0.63–1.22, p = 0.43), and defi nite or prob-
able stent thrombosis (OR: 0.73, 95 % CI: 0.38–1.38, p = 0.33) were comparable for 
women and men. Follow-up angiography demonstrated no differences in terms of 
in-stent late loss (0.18 ± 0.54 mm vs. 0.20 ± 0.99 mm, p = 0.76) and in-segment 
binary restenosis (8.5 % vs. 8.5 %, p = 0.76) [ 69 ].  

    Female Gender and Adverse Outcomes After PCI 

 Many discrepancies have been reported regarding the prognosis and differences in 
adverse outcomes in women compared to men undergoing PCI. Registries and ran-
domized trials analyzing early and late major adverse cardiovascular ischemic events 
have reported increased [ 70 – 72 ], neutral [ 73 – 75 ] and, even lower risk [ 76 ,  77 ] out-
comes for women as compared to men. It has been suggested that women with ACS 

  Enoxaparin or 
  Bivalirudin or 
  Fondaparinux 

  With permission from Jneid et al. [ 16 ] 
  a Recommended loading dose ASA: 162–325 mg, followed by 325 mg for 1 month after PCI, and 
81–162 mg daily(Class IA) 
  b It is reasonable to use 81 mg of daily ASA after PCI in preference to higher maintenance doses 
(Class IIa B)  

Table 6.2 (continued)
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at younger age had higher mortality compared with men at the same age [ 4 ,  6 ,  78 ,  79 ]. 
After adjustment for several risk factors female gender remained a risk factor for in-
hospital mortality in ACS for patients aged 51–60 [ 80 ]. An analysis by Duvernoy 
et al., demonstrated that women had a higher frequency of adverse outcomes after 
PCI, including in- hospital death, vascular complications, stroke, and MACE after 
adjusting for clinical and procedural characteristics. The relationship of increased 
risk of death and MACE was no longer present after adjusting for renal function and 
lower body surface area [ 81 ], suggesting an important impact of impaired kidney 
function and smaller size of female patients on long- term prognosis. Another analy-
sis by Pendyala, et al., revealed a signifi cant difference between the genders in inde-
pendent correlates of mortality and MACE, and different impact of traditional 
prognostic correlates in women and men [ 82 ]. Women tend to have similar or lower 
rates of restenosis when compared to men despite smaller vessel sizes and higher 
prevalence of DM [ 71 ,  83 ,  84 ], factors usually associated with higher restenosis and 
revascularization rates. The reasons for these fi ndings are unclear.   

    Bleeding Risk and Vascular Complications 

 Data from several sources suggest that gender-related differences exist in bleeding 
complications in ACS patients. In a multivariate analysis by Subherval et al., female 
gender was identifi ed as an independent predictor of major in-hospital bleeding (OR 
1.31, 95 % CI 1.23–1.39) in patients with ACS [ 83 ]. In the CRUSADE (Can Rapid 
risk stratifi cation of Unstable angina patients Suppress Adverse outcomes with 
Early implementation of the ACC/AHA guidelines) registry, women who under-
went PCI for UA/NSTEMI, had a much higher risk of major in-hospital bleeding 
compared to men (14.1 % vs 5.9 %, p < 0.001) [ 84 ]. 

 Women undergoing PCI tend to have more access- related bleeding. In contrast, 
men tend to have GI bleeding after an MI. Possible explanations for this fi nding 
include smaller blood vessels in women and specifi c vascular reactivity [ 55 ]. In the 
same registry, a signifi cant interaction was found between gender, GP IIb/IIIa inhib-
itor use and bleeding risk (p = 0.014). The increased risk of bleeding due to use of 
GPIIb/IIIa or anticoagulant agents like UFH or enoxaparin, may be related to exces-
sive dosing of those agents (15 % of major bleeding events observed were due to 
excess drug doses) [ 64 ,  83 ,  84 ]. After adjusting for age, weight, and renal function, 
women remained at higher risk for excessive dosing and major bleeding events, as 
the authors found that excessive dosing of antithrombotic agents occurred in 72 % 
of women compared to 27 % of men [ 85 ,  86 ]. However, the ISAR- REACT and 
ACUITY trials [ 85 ,  86 ] provide data to suggest that bleeding complications remain 
higher among women compared to men even when they receive appropriate doses 
of antithrombotic agents. 

 Bleeding and vascular complications related to PCI result in signifi cant morbid-
ity and mortality [ 87 – 90 ] and given the higher bleeding event rates in women with 
ACS, this phenomenon has major prognostic implications. Bleeding events carry 
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substantial risk of future ischemic events due to strong infl ammatory response as 
well as high incidence of discontinuation of dual anti-platelet therapy after PCI [ 55 ]. 

 Female gender predicts vascular complications depending on the vascular access 
site. In patients undergoing PCI through a femoral access risk for groin bleeding, 
retroperitoneal bleeds, psuedoaneurysm formation, and AV fi stula formation exist. 
These complications persist despite signifi cant improvement in antithrombotic ther-
apy, use of smaller size sheaths, use of closure devices, and fl uoroscopy guidance 
for femoral access [ 90 ,  91 ]. 

 The ACC-NCDR Registry showed that female gender predicts vascular complica-
tions during both diagnostic and interventional cardiac procedures (RR 2.18, 
p < 0.001). Women had an increased risk of death as well (RR 2.59, p < 0.001) com-
pared to men [ 91 ]. A subsequent study by the same group from 2007 showed persis-
tent risk of vascular complications in women, when compared to men, despite overall 
improvement in rates of vascular complications in women [ 92 ]. Data from large mul-
ticenter registry of patients undergoing PCI demonstrate that women with bleeding 
and vascular complications tend to be older, have lower body mass index, and pre-
sented more frequently with renal failure and congestive heart failure. The linear 
relationship between risk of bleeding/vascular complications and age in women from 
this study identifi ed elderly women as one of the highest risk groups [ 90 ]. 

 In the same registry, women with bleeding or vascular complications had nearly 
a three- fold increased incidence of stroke, MI and all-cause mortality compared 
with women without bleeding/vascular complication. After controlling for clinical 
characteristics, the presence of bleeding/vascular complications remained a strong 
independent predictor of major adverse cardiac event (OR 1.84, 95 % CI 1.31–2.62, 
p = 0.001) including a 75 % increased risk of death, MI or stroke during the index 
hospitalization [ 90 ]. 

 While studies from the past decade demonstrate a signifi cant improvement in 
rates of bleeding and vascular complications in women undergoing PCI, they con-
tinue to have at least a two-fold increased risk of bleeding and vascular complica-
tions compared to men [ 90 ]. 

    Arterial Access in Women: Radial Versus Femoral Artery 

 As outlined above female gender has been consistently identifi ed as a risk factor for 
hemorrhagic complications in the setting of non- ST- elevation ACS, STEMI and 
elective PCI. Implementing several strategies may reduce the risk of bleeding [ 93 ]; 
such as the use of bivalirudin [ 64 ], appropriate dosing of anti- thrombotic agents 
[ 94 ], improved access techniques, utilization of vascular closure devices, use of 
smaller size sheaths, fl uoroscopic guidance for femoral access, and the radial access 
to the arterial system [ 93 ,  95 ]. Clinical data suggest that the arteriotomy site may be 
responsible for the majority of bleeding complications during PCI [ 95 ] therefore the 
radial approach effectively reduces or eliminates access-site bleeding. Randomized 
trials show that a transradial approach reduced the bleeding risk by up to 70 % 
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compared to the transfemoral arterial access [ 95 ,  96 ]. Despite this signifi cant safety 
profi le, data from NCDR shows that women are less likely to undergo transradial 
PCI compared to men [ 97 ]. The transradial approach can be more challenging in 
women due to smaller caliber radial arteries, smaller body habitus, increased tortu-
osity and higher potential for spasm [ 93 ,  98 ]. Women more often experience local 
access-site complications after transradial approach, such as more frequent forearm 
hematomas than men [ 99 ]. Radial access can lead to higher rates of procedural 
failure when compared to femoral access, which might be augmented in women due 
to these anatomic differences and greater propensity to spasm [ 96 ]. 

 More studies need to examine the optimal choice of arterial access in women 
undergoing PCI. An ongoing randomized, controlled trial, the SAFE PCI trial, is 
comparing the radial and femoral approach in women undergoing PCI and should 
provide some answers for this clinical dilemma.  

    Bleeding Avoidance Strategies (BAS) 

 There are no randomized controlled trials on different bleeding avoidance strategies 
(BAS) in women undergoing PCI, but there is emerging data nonetheless. BAS 
include vascular closure devices, use of bivalirudin as the anticoagulant, radial 
approach, and combinations of these three. The National Cardiovascular Data 
Registry’s (NCDR) Cath PCI data from July 2009 to March 2011 was analyzed and 
recently published [ 100 ]. The incidence of bleeding following PCI was 7.8 % in 
women and 3.7 % in men. The use of any BAS differed slightly between women and 
men (75.4 % vs.75.7 %, p = 0.01). Also, in women bivalirudin was used more often 
and radial approach and vascular closure devices were less often used. Despite sub-
optimal use of BAS, there was signifi cant reduction in bleeding events with BAS 
(6.3 % absolute risk reduction). When both the radial approach and bivalirudin were 
used, an absolute reduction of 9.5 % (69 % reduction in bleeding events) was noted. 
Since blood transfusion is linked to mortality, an effort to increase awareness to 
avoid unnecessary blood transfusion is required [ 101 ]. In the event of a bleeding 
complication, conservative management initially is important. The ACC/AHA 
guidelines recommend waiting to transfuse a patient until their hemoglobin falls 
below 8 g% especially if the patient is clinically tolerating the blood loss, and the 
bleeding has been stopped.  

    Vascular Complications 

 The small caliber of women’s peripheral vessels and tortuosity affects the cali-
ber of sheath placed for angiography and PCI as well as increasing the poten-
tial for limb ischemia if an intra-aortic balloon pump (IABP) is required for 
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hemodynamic support. For the same reasons vascular complications are more 
common in women. From 1994 to 1998, a national database reported twice as 
many complications in women with regard to stroke (0.4 % vs 0.2 %, P < .001) 
and vascular complications (5.4 % vs 2.7 %, P < .001) [ 102 ]. These increased 
risks persist even in more recent studies such as in the American College of 
Cardiology-National Cardiovascular Data Registry (ACC-NCDR) analyses 
from 2004 to 2006. The vascular complications were mostly related to access 
site issues including femoral pseudoaneurysm, retroperitoneal hemorrhage, and 
access site bleeding [ 103 ].  

    Cardiogenic Shock 

 In the SHOCK trial there was no effect of gender on the incidence and survival of 
cardiogenic shock in women when adjusted for other risk factors [ 104 ]. Cardiac 
power output (CPO), calculated as the mean arterial pressure times the cardiac out-
put/451, has since emerged as the strongest predictor of mortality in cardiogenic 
shock and in the SHOCK trial women had signifi cantly lower CPO suggesting a 
physiologic difference in the female myocardium and need for different therapeutic 
strategies to manage cardiogenic shock in women [ 105 ].  

    Mechanical Complications 

 In the SHOCK Registry women were noted to have a signifi cantly higher incidence 
of mechanical complications including ventricular septal rupture and severe acute 
mitral regurgitation. Women as a group were 4.6 years older and had a higher inci-
dence of hypertension, diabetes and a lower cardiac index. When adjusted for the 
comorbidities and complications, gender by itself was not an independent risk fac-
tor for death. The mortality of this cohort however was high at 61 % [ 105 ].  

    Renal Insuffi ciency 

 In ACS patients a higher prevalence of renal insuffi ciency has been noted in women. 
Women tend to have lower serum creatinine levels for similar renal function com-
pared to men resulting in underestimation of the problem. Since post-PCI renal 
failure also correlates with short and long term mortality more attention should be 
focused on contrast use, peri-procedural hydration, and monitoring of renal function 
in women. The prognostic impact of a reduced GFR in women is similar to that in 
men thereby diminishing the effects of gender on mortality [ 106 ].  
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    Mortality After ACS 

 Our understanding of the gender difference in mortality in ACS population is still 
evolving. On fi rst glance, it appeared that women had higher incidence of morbidity 
and mortality (short term and long term) from ACS [ 107 ]. However, women also 
had increased incidence of comorbidities (like DM, history of heart failure, prior 
stroke), smaller coronary arteries, smaller peripheral vasculature leading to reduced 
use of therapies such as intra-aortic balloon pumps as well as higher rates of bleed-
ing and vascular complications. Women also had an increased incidence of mortal-
ity from surgical revascularization [ 108 ]. Therefore, it is still unclear if female 
gender is an independent risk factor. The results in published literature are diverse 
and depend not only on the type of ACS population studied (UAP vs. NSTEMI vs. 
STEMI) but also on type of study (Randomized Controlled Trial or Observational 
Registry data) thereby making it diffi cult to draw a defi nite conclusion [ 109 ]. 

 Several large trials have helped in the analysis of the effect of these comorbidities 
including angiographic burden of disease on patient mortality [ 109 ]. There is signifi -
cant heterogeneity in the angiographic burden of disease in women included in various 
types of ACS trials which correlates with mortality and accounts for gender differ-
ences. More women with unstable angina tend to have non-obstructive CAD and 
thereby have better prognosis than men in this category. Women with acute myocardial 
infarction, however, have a prognosis similar to men. In women with myocardial 
infarction, when adjusted for co morbidities especially the angiographic burden of dis-
ease, their overall prognosis is similar to men. This is true across all age groups [ 107 ]. 

 Even contemporary era studies in the STEMI population continue to suggest a 
worse prognosis in women, especially young women (less than 55 years of age) 
[ 110 ,  111 ] (Fig.  6.2 ). This is a signifi cant fi nding as premenopausal women gener-
ally have been considered to have hormonal protection against coronary artery dis-
ease development. The exact reason for this increased mortality is still not clear. A 
more aggressive nature of disease seems to be contributing but cannot entirely 
explain the gender differences in outcomes. This higher mortality persists even long 
term with women having a 50 % higher mortality than men 2 years after sustaining 
an AMI [ 112 ]. The Variation in Recovery: Role of Gender on Outcomes of Young 
AMI Patients (VIRGO) study has been undertaken in the United States to under-
stand the various factors including clinical, genetic, and socioeconomic status and 
their infl uence on these poor outcomes in women [ 113 ].

        Conclusion 

 Women make up a signifi cant proportion of patient’s presenting with acute coronary 
syndromes in 2013. Unfortunately, there is often still a delay in the time to therapy 
related to an underappreciation of the symptoms and the actual risks of ACS, both 
by the health care providers and the patients themselves. This delay, along with the 
other clinical differences described, including older age, smaller size, and com- 
morbidities, often lead to more complex procedures. 
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 In general, and as indicated in the most recent ACC/AHA guidelines presented, 
moderate to high risk female patients should be treated similarly to their male coun-
terparts. The differences in potential complications between the genders do reach a 
signifi cantly high level to warrant withholding treatment that is clearly defi ned as 
reducing morbidity and mortality across the spectrum of presentations. Low risk 
female patients, however, are best served by further non-invasive risk stratifi cation 
before undertaking any invasive assessment, when factoring in the risk benefi t ratio. 
All of the therapies that are appropriate for men are also appropriate for women, 
though the physician caring for these patients needs to be cognizant of the risks, 
especially bleeding, and actively try to mitigate the excess risk by any and all means, 
including appropriate dosing of medications and radial access where possible. 

 Gender equality extends to ACS therapy, even though the genders are not exactly 
the same. As we go forward with individualized medicine, more research needs to 
be performed to defi ne if there are gender based differences above and beyond those 
that we are already aware of that warrant signifi cant differences in therapy in this 
important patient population.     
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        Cardiovascular disease (CVD) is the leading cause of mortality in men and women. 
An estimated 83.6 million American adults (>1 in 3) have one or more types of 
cardiovascular diseases. In 2010, an estimated 7.6 million inpatient cardiovascular 
operations and procedures were performed in the United States; 4.4 million were 
performed on men, and 3.2 million were performed on women [ 1 ]. In clinical trials 
on cardiovascular diseases, women are generally under-represented, raising poten-
tial concerns for bias. In clinical trials used to support 2007 American Heart 
Association (AHA) guidelines for CVD prevention in women, women represented 
only one third of patients despite similar prevalence of disease in men and women. 
Only 31 % of primary trial publications specifi cally reported results in women. 
Representation of women was lowest among trials for heart failure (29 %) and CAD 
(25 %) [ 2 ]. 

 Various studies have demonstrated gender related differences in survival after 
different cardiac procedures. Some studies attribute this difference to baseline dis-
similarities in risk factors for men and women, while others emphasize that gender 
itself plays a distinct role and is an independent predictor of morbidity and mortal-
ity. In this chapter, we have reviewed literature to understand unique gender related 
characteristics as they pertain to different cardiac surgeries, with special emphasis 
on coronary artery bypass graft, cardiac valve surgeries and advanced heart failure 
surgeries. 
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    Coronary Artery Bypass Grafting (CABG) 

 Although female prevalence of CVD is similar to that of male, females suffering 
from coronary artery disease (CAD) are less likely to undergo coronary revascular-
ization procedures in comparison to males. In the Survival and Ventricular 
Enlargement (SAVE) study [ 3 ], Steingart and coworkers noted that almost 50 % 
women had angina limiting their physical activity as opposed to 31 % men; how-
ever, only 15 % women compared with 27 % men underwent cardiac catheteriza-
tion. Similarly, despite inadequate symptom relief on medical therapy, women were 
referred for CABG less frequently than men (6 % vs.12 %). 

 Coronary artery disease is generally less common in younger women; however 
mortality rate for women less than 50 years of age after myocardial infarction (MI) 
was reportedly more than twice that for men of the same age; [ 4 ,  5 ] Figs.  7.1  and 
 7.2 . In recent years, though MI mortality persistently higher in younger women, 
women had experienced signifi cant improvements in mortality than did younger 
men after MI. This could be related to improvement in risk profi le on presentation 
over the years or improvement in gender related referral bias for treatment [ 6 ].

       Infl uence of Gender on CABG Mortality 

 CABG has been shown to improve survival in patients with multi-vessel coronary 
artery disease and left main coronary artery disease [ 7 ,  8 ]. The association of gender 
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  Fig. 7.1    Percentage of women and men in the different age groups undergoing coronary artery 
bypass grafting (Reprinted from [ 5 ]; with permission from Elsevier)       
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with mortality and morbidity after CABG has been debated by many studies for 
more than 20 years. The results of studies analyzing role of female gender as an 
independent risk factor for long-term survival after coronary artery bypass surgery 
has been variable and controversial (Table  7.1 ) [ 9 – 13 ]. In a report of 8,907 CABG 
patients, women were found to have lower long term survival in comparison to men, 
but patient related risk factors and not gender itself was found to be associated with 
poor outcomes [ 9 ]. In contrast, report from Bypass Angioplasty Revascularization 
Investigation (BARI) suggested that men and women had similar post-CABG sur-
vival at 5 years. However women had higher risk profi le and after adjusting for 
multiple risk factors, female sex was an independent predictor of improved survival 
at 5 years [ 10 ]. Yet some other reports indicated the female gender was associated 
with decreased likelihood of survival long term. Weintraub et al. reported that 
20-year survival after CABG was 37 % in men and 29 % in women [ 11 ].

       Gender Related Pre-operative Surgical Risk Factors for CABG 

 Certain pre-operative risk factors have been found to be unique characteristics of 
either sex. A number of researchers have concluded that this difference in pre- 
existing risk factors may directly or indirectly infl uence short and long term out-
comes. The European System for Cardiac Operative Risk Evaluation (Euro-SCORE) 
is a well-validated scoring system to help predict mortality from cardiac surgery 
based on certain risk factors [ 14 ]. In this risk stratifi cation, female gender is an 
independent risk factor for worse outcomes after cardiac surgery. 

 In general, male CABG patients have lower left ventricular ejection fraction, 
signifi cant smoking history and history of prior myocardial infarction [ 13 ,  15 ,  16 ]. 
Female CABG patients on the other hand, generally present at an older age com-
pared to their male counterparts. This could be related to protective effects of female 
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sex hormones in reproductive age group. Older age at presentation and its associa-
tion with co-morbid conditions may contribute to increased surgical risk and poor 
outcomes in women. Women have higher incidence of peripheral vascular disease, 
hypertension, diabetes mellitus, chronic renal insuffi ciency and congestive heart 
failure [ 13 ,  15 ,  16 ]. Women are more likely than men to undergo emergent cardiac 
surgery and present with cardiogenic shock [ 17 ]. Emergent cardiac surgery in 
women may be a refl ection of referral bias for women presenting at more advanced 
stage of coronary artery disease with associated hemodynamic instability which 
may negatively impact survival. 

 Female patients have generally smaller body mass index and body surface area 
(BSA) in comparison to their male counterparts. Most reports conclude that smaller 
BSA in female CABG patients is not a signifi cant risk factor for operative mortality 
[ 15 ,  18 ]. A retrospective analysis by Rannuci and colleagues from Italy found that 
female gender and small body surface area were associated with severe intraopera-
tive hemodilution and subsequent need of blood transfusions. They commented that 
larger BSA in women is likely related to obesity and hence associated with pro-
longed intensive care unit (ICU) length of stay. Men with small BSA were reported 
to have longer ICU stay likely resulting from hemodilution associated with smaller 
BSA and its associated complications [ 18 ]. Anemia is a well-identifi ed predictor of 
poor outcomes in patients with coronary artery disease and in general population. 
Post-operative anemia after CABG surgery may persist for months and has been 
found to be associated with impaired outcomes. Westesbrink et al. reported that for 
every 1 mg/dL decrease in Hb, there was a 13 % increase in cardiovascular events 
and a 22 % increase in all-cause mortality in CABG patients [ 19 ]. Women tend to 
have more anemia pre and post-operatively and are more likely to receive blood 
transfusions which put them at further increased risk of complications and poor 
outcomes compared to men [ 19 – 21 ].  

   Table 7.1    Summary of studies evaluating long-term survival in men and women post-CABG   

 First author and 
reference # 

 Year
published 

 No. of
patients 

 Men 
 N (%) 

 Women 
 N (%) 

 Survival in relation
to gender 

 SH Rahimtoola [ 9 ]  1993  8,907  6,927 
(78 %) 

 1,979 (22 %)  Gender was not an 
independent predictor 
of poor survival 

 AK Jacobs [ 10 ]  1998  1,829  1,340 
(73 %) 

 489 (27 %)  Female sex – an 
independent predictor 
of improved 5-year 
survival 

 D Abramov [ 12 ]  2000  4,823  3,891 
(81 %) 

 932 (19 %)  Women – late survival 
increased compared 
to men 

 WS Weintraub [ 11 ]  2003  3,939  3,312 
(84 %) 

 627(16 %)  Female gender-associated 
with poor likelihood 
of long term survival 

 SE Woods [ 13 ]  2003  5,324  3,582 
(67 %) 

 1,742 (33 %)  Gender – not an 
independent predictor 
of mortality 

N. Choudhary and L. Chen



143

    Gender Related Surgical Risk Factors for CABG 

 The use of internal mammary artery (IMA) for bypass grafting has been shown to 
be associated with improved short and long term survival in patients undergoing 
CABG. Despite this fact, many studies have reported signifi cantly less use of IMA 
conduit in women [ 15 ,  22 ,  23 ]. Study of 541,368 coronary artery bypass graft sur-
gery procedures reported by 745 hospitals in the STS National Cardiac Database 
from 2002 through 2005 revealed that IMAs were used less frequently in women 
than men (odds ratio for at least one IMA: 0.62; 95 % confi dence interval: 0.61–
0.63, odds ratio for bilateral IMA: 0.65; 95 % confi dence interval: 0.63–0.68) [ 23 ]. 
Some authors relate this disparity to smaller BSA in women while others found that 
the difference persists even after the adjustment for BSA [ 24 ]. 

 Off pump CABG in comparison to conventional CABG on cardiopulmonary 
bypass was thought to be associated with improved outcomes and less complica-
tions in post-operative period in terms of need of blood transfusion, neurological 
complications and major adverse cardiac events. However, two major clinical trials 
published recently (CORONARY: CABG Off or On pump Revascularization Study, 
and GOPCABE: German Off-Pump Coronary Artery Bypass Grafting in Elderly 
Patients) reported no signifi cant difference between off pump and on pump CABG 
group in outcomes of death, myocardial infarction and stroke [ 25 ,  26 ]. However, 
there were reportedly fewer transfusion and more incomplete revascularization in 
off pump CABG group. In the pre-specifi ed sub-group analysis of CORONARY 
trial, no signifi cant interaction was found between operative techniques and gender 
for primary end-points [ 25 ].  

    Association of Gender with Post-CABG Complications 

 Current data on gender and its infl uence on complication after CABG are variable. 
Women have been found to report more post-operative angina than men [ 10 ,  12 ], 
which may be related to underutilization of IMA conduits, less complete revascular-
ization and smaller coronary size in women, and gender differences in pre-operative 
risk profi le. However, women were found to less likely require percutaneous or 
surgical re-intervention [ 12 ]. Post- CABG neurological complications contribute to 
signifi cant morbidity in this population; however data remains inconclusive about 
its association with gender. Some studies report signifi cantly higher neurological 
morbidity in women [ 27 ,  28 ], others fi nd no relationship with either sex [ 22 ], and 
yet there are also reports of worse neurological outcome in men [ 7 ]. Most studies 
have found no association of gender with post-operative risk of infections despite 
existing differences in baseline clinical characteristics [ 13 ,  22 ,  29 ]. Women tend to 
have longer hospital stay, ICU length of stay and more days on mechanical ventila-
tion and more commonly require intra-aortic balloon counter-pulsation,  vasopressors 
and dialysis [ 12 ,  22 ,  30 ].   
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    Cardiac Valve Surgeries 

 In addition to reports on association of gender with CABG outcomes, there has 
been increased interest by many authors to understand its relationship to cardiac 
valvular surgeries and combined CABG and valve surgeries. Combined CABG 
and valve surgeries have increased mortality and morbidity than CABG alone or 
primary valve surgery alone. The role of gender as an independent risk factor for 
patients undergoing combined valve and CABG surgery remains unclear. Some 
authors report that female gender is associated with worse outcomes in terms of 
long term survival while others found no association [ 31 ,  32 ]. Women were 
reported to have more risk factors in comparison to men, which is similar to the 
fi ndings of studies reporting infl uence of gender on CABG outcomes. The pre-
operative risk factors should be strongly considered when analyzing outcomes 
after combined surgeries. 

    Mitral and Aortic Valve Disease in Men and Women Undergoing 
Valve Surgery 

 For mitral valve disease, women undergo mitral valve replacement more often 
compared to men who undergo mitral valve repair more frequently. This may 
be related to differences in etiology of mitral valve disease in men and women. 
Women are more likely to have mitral valve stenosis, mixed mitral valve dis-
ease and rheumatic valve disease compared to men who more likely have myx-
omatous mitral valve disease [ 31 ,  32 ]. This difference in surgical procedure 
may be reason for observed differences in gender-related outcome in some 
studies [ 31 ]. 

 Women have been found to be referred for aortic valve replacement at an older 
age compared to men [ 33 ]. This could be related to delayed referral or develop-
ment of symptoms at more advanced stage of disease in women. In addition, 
incidence of bicuspid aortic valves is two to three folds higher in men than 
women, which could explain younger age at presentation for aortic valve replace-
ment in men. Aortic valve pathology has been reported to be different in male 
and female patients undergoing aortic valve replacement. Women undergo sur-
gery more often for aortic stenosis and less often for aortic regurgitation than 
men [ 33 ,  34 ]. 

 Re-operation following valve replacement surgery particularly with structural 
failure of tissue prosthesis is a common occurrence. Couple of studies report that 
women tend to have longer time period free of fi rst redo operation particularly fol-
lowing aortic valve replacement [ 33 ,  35 ]. The exact mechanism remains unclear 
and could be related to hormonal differences or late calcifi cation in women or a 
refl ection of late referral in women.  
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    Pregnancy and Valvular Surgeries 

 Hemodynamics changes, increase in blood volume, anemia and increase in cardiac 
output, are well known to occur in pregnancy and may worsen the existing valvular 
disease. Pregnant women with prosthetic heart valves are at increased risk of poor 
cardiovascular outcomes. In addition, mechanical prosthesis presents a particular 
challenge in women of child bearing age due to need of rigorous maintenance of 
anticoagulation. Pregnant women with mechanical valves are at highly increased 
risk of thromboembolism, on the other hand, anticoagulants also increase the risk of 
maternal and fetal hemorrhage and can be teratogenic (warfarin). Recently published 
guidelines by American College of Chest Physicians recommend use of unfraction-
ated heparin (UFH) or low molecular weight heparin (LMWH) throughout preg-
nancy, or use of UFH/LMWH until 13th week of pregnancy with substitution by 
vitamin K antagonist (VKA) close to delivery in these situations. Women with older 
generation valve in mitral position or high risk for thromboembolism may be contin-
ued on VKA with substitution with UFH/LMWH closer to delivery [ 36 ]. 

 Bioprosthetic valves seem to be more compatible with pregnancy as they do not 
require anticoagulation and its associated risk. However, there are some reports that 
suggest rapid deterioration of bioprosthesis with pregnancy requiring re-operation 
[ 37 ,  38 ]. More early miscarriages and pregnancy termination has been reported in 
women with valvular prosthesis compared to control [ 38 ]. In brief, the choice of 
valve should be considered carefully in young women undergoing valve replace-
ment surgeries and pre-conception counseling plays a vital role.   

    Advanced Heart Failure Surgeries 

 According to National Health and Nutrition Examinations Surveys 2007–2010 data, 
an estimated 5.1 million (2.1 %) Americans ≥20 years of age have heart failure. Of 
these 5.1 million heart failure population, 2.7 million are male and 2.4 million are 
females. It is projected that by 2030, the prevalence of heart failure will increase by 
25 % of 2013 estimates [ 1 ,  39 ]. Although survival after diagnosis of heart failure 
has improved over time; such improvement is less evident in women and elderly 
as shown by data from the Olmsted County Study. Heart failure mortality remains 
high and nearly 50 % of heart failure population dies within 5 years of diagnosis 
[ 40 ]. According to the data published by National Hospital Discharge Survey; from 
2000 to 2010, the rate of CHF hospitalization for males under age 65 increased sig-
nifi cantly while the rate for females aged 65 and over decreased signifi cantly [ 41 ]. 

 The benefi ts of heart failure therapies have been supported by evidence derived 
from multiple large multicenter randomized trials. Heart transplantation remains the 
gold standard therapy and has been proven to improve survival in select patients 
with advanced end-stage heart failure. However, with limited availability of donor 
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organs, longer waiting time or ineligibility of recipient due to number of reasons, 
this option might always not be considerable. In such situations, implantation of 
ventricular assist devices (VAD), as bridge to transplant, bridge to recovery or as a 
destination therapy, have been shown to improve survival and quality of life. 

    Heart Transplantation 

 According to data published in 2012 by the registry of the International Society of 
Heart and Lung Transplantation (ISHLT)-the largest existing data registry for heart 
transplant outcomes worldwide, the median survival of heart transplant recipient is 
10 years for those surviving fi rst year post-transplant. In such patients, the likeli-
hood of survival is 63 % at 10 years and 27 % at 20 years [ 42 ]. The median survival 
continues to improve over the last three decades and is likely related to improve-
ment in immunosuppression and post-transplant care in general. According to 
ISHLT 2012 report [ 42 ], the proportion of female recipients has increased from 
19.3 % (1992–2000) to 22.3 % (2001–2005) to 23.7 % (2006-June 2011); 
p-value = <0.0001. The proportion of female donors has decreased from 31.6 % 
(1992–2000) to 31 % (2001–2005) to 30.6 % (2006-June 2011); p-value = 0.0545. 

    Donor and Recipient Sex Match/Mismatch 

 Donor and recipient gender plays an important role in long term survival after car-
diac allograft transplantation. In an ISHLT report of 60, 584 adult heart transplant 
recipients, male recipients of female allografts had a 10 % increase in adjusted 
mortality compared to male recipients of male allograft, however female recipients 
of female allografts had a 10 % decrease in adjusted mortality compared to female 
recipients of male allografts (p <0.0001) [ 43 ]. Similarly, data from United Network 
for Organ Sharing (UNOS) on all fi rst United States heart transplantation showed 
that male recipients of female allograft have 15 % increase in mortality compared to 
male recipients of male allograft. However, UNOS data suggested no signifi cant 
increase in mortality in women receiving opposite sex donor organs [ 44 ]. These 
observations seem to be related to genetic, biological, hormonal or immunological 
differences in men and women. Women’s prior pregnancies and resultant allosensi-
tization could likely play a role. At present, gender itself is not a criterion for alloca-
tion of donor organs to recipients.  

    Role of Gender in Analysis of Risk Factors for Heart Transplant 

 Sex related differences have also been demonstrated in baseline recipient character-
istics, risk factors and potential post-transplant complications. Male recipients are 
generally older, heavier, have increased serum creatinine and higher incidence of 
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ischemic cardiomyopathy [ 43 ,  45 ,  46 ]. Female recipients on the other hand, have 
generally higher level of panel reactive antibody (PRA), increased pulmonary vas-
cular resistance and higher incidence of dilated cardiomyopathy [ 43 ,  44 ,  47 ]. 
Patients receiving heart transplant for non-ischemic cardiomyopathy have been 
reported to have better survival compared to patients who receive allograft for 
 ischemic cardiomyopathy [ 42 ]. 

 Limitation of exercise capacity varies with severity of heart failure. Peak oxygen 
consumption (peak VO2) provides an objective assessment of functional capacity 
and is an important prognostic marker in the evaluation of advanced heart failure 
patients. It is used frequently in clinical practice to determine need and candidacy 
for advanced heart failure therapies. Peak VO2 less than 14 ml/kg/min in patients 
not on beta-blockers and less than 10 ml/kg/min in patients on beta-blockers has 
been found to be associated with poor prognosis [ 48 ,  49 ]. Elmariah et al. reported 
that women had a signifi cantly lower peak VO2 than men and despite lower peak 
VO2 women had better survival at all levels of exercise capacity [ 50 ]. It raises the 
concern of poor prognostic effi cacy of this test in women leading potentially to pre- 
mature transplantation. The lower peak VO2 in women is thought to be related to 
less muscle mass, lower baseline metabolic rate, and lower hemoglobin levels in 
women compared to men. A lower threshold value for peak VO2 in female heart 
failure patients may be considered in future.  

    Post-transplant Complications and Gender 

 Outcomes after heart transplant have been infl uenced by development of graft- 
related complication, the most important being cardiac allograft vasculopathy 
(CAV), acute graft failure and allograft rejection. Data from Spanish National Heart 
Transplantation Registry demonstrated higher incidence of acute graft failure in 
women [ 47 ]. Data has been contradictory in regards to association of gender on the 
incidence of CAV. ISHLT registry reported lower relative risk of development of 
CAV in female donor gender and female recipient gender in comparison to other 
donor-recipient gender combinations [ 42 ]. 

 However, at the Berlin Heart Center [ 51 ], allografts from premenopausal female 
to male transplant more frequently developed endothelial disease (p-value = 0.021) 
and stenotic microvasculopathy (p-value = 0.024). These fi ndings suggest the pos-
sible vasculoprotective and immunologic role of sex hormones and their receptors 
in the pathophysiology of transplant vasculopathy.   

    Ventricular Assist Devices 

 VADs has been shown to improve mortality and morbidity in heart failure patients 
who are either not a candidate for heart transplant or are too sick to wait for donor. 
The design of VADs have evolved over the years from earlier generation large size 
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volume displacement pulsatile fl ow pumps to newer generation smaller rotary pump 
providing continuous fl ow. The earlier generations of VADs were thought to be 
under-utilized in women due to anatomical constraints of large pulsatile pump in 
anatomically smaller body size of women. However, with the newer smaller size 
of LVAD, the under-utilization in women is still persistent which may likely be 
secondary to signifi cant gender differences in diagnostic approach and treatment 
for end-stage heart failure (Table  7.2 ). In mechanical circulatory support (MCS) 
population, VAD implantation in females is generally under emergency circum-
stances [ 52 ]. Hsich et al. published report on 1936 LVAD patients, of which 26 % 
women were listed to be in critical cardiogenic shock compared to 19 % men 
(p-value = 0.01) [ 53 ].

      Survival in Men and Women After VAD 

 Survival in women who undergo VAD has been evaluated by few studies. Some 
authors report equal survival in men and women undergoing VAD [ 56 ], while others 
report superior survival in men compared to women [ 57 ] which in turn was evi-
dently related to higher risk profi le in women indicating a more advanced stage of 
heart failure at the time of VAD implantation. INTERMACS (Interagency Registry 
for Mechanically Assisted Circulatory Support) is a national registry for patients 
implanted with MCS device and is maintained at University of Alabama. Analysis 
of their data revealed no signifi cant sex difference in mortality with either a pulsa-
tile- or a continuous-fl ow left ventricular assist devices (LVAD) for the 1,936 
patients (21 % female) [ 53 ].  

    Comparison of Adverse Events and Bridge to Transplant After 
VAD by Gender 

 The survival on LVAD is limited by number of complications post-LVAD including 
bleeding, infectious risk, thrombosis and so forth. Few studies looked into the asso-
ciation of gender with these adverse events after LVAD implantation but the results 
remains controversial. A published data report from INTERMACS registry demon-
strated no signifi cant sex differences in time to fi rst bleed, infection, or device mal-
function [ 53 ]. However, women, compared with men, had a shorter time to fi rst 
neurological event that was statistically signifi cant. Bogaeve et al. found lower rate 
of device related infection in women, similar rate of ischemic stroke between men 
and women but a trend towards higher rates of hemorrhagic strokes in women [ 56 ]. 

 When VAD are implanted as bridge to transplant, there are reports of signifi -
cantly lower rate of heart transplantation in women [ 53 ,  56 ]. Given the retrospective 
nature of these studies, it is assumed to be related to sensitization in women with 
pregnancies or issues related to BSA matching between donor and recipient heart. 
To better understand, gender related differences in outcomes in this particular popu-
lation, there remains the need of large prospective trial to address specifi c issues.    
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    Conclusion 

 Despite the similar prevalence of coronary artery of disease in men and women, 
women are less likely to undergo revascularization. In women who undergo CABG, 
the incidence of post-operative angina and incomplete revascularization remains 
high. The mortality in younger women undergoing CABG is also higher than men. 
Many factors infl uencing mortality and morbidity in men and women have been 
studied and pre-operative risk profi le along with other factors seems to drive this 
difference. Surgical techniques also deserve important consideration particularly 
those that have been shown to impact outcomes such as use of internal mammary 
artery for bypass grafting. Despite various advances in availability of health care, 
delayed referral leading to presentation at more advanced stage of disease and 
requiring emergent surgery in women remains evident. 

 Similar to CABG, women undergoing valve surgery or combined valve and cor-
onary revascularization surgery have far more risk factors than men, which nega-
tively impact short and long term outcomes. In addition, there are differences 
between men and women in etiology of valve disease and should be considered 
when interpreting the results of various studies. The choice of valve is of particular 
importance in women of child bearing age. Pregnant women with prosthetic valves 
are at increased risk of poor cardiovascular outcomes, moreover bioprostheticvalves 
are more likely to undergo deterioration with hemodynamic stress of pregnancy. 
Potential teratogenic effects of certain anticoagulation agents should be carefully 
discussed with patients. 

 Similar to any cardiac surgery, women are less likely to undergo heart transplan-
tation than men with advanced heart failure; however the number of female allograft 
recipients has been increasing over the years. Donor-recipient gender mismatch 
seems to negatively affect outcomes particularly in male recipients of female donor 
heart. However, given the limited availability of organs, long waiting times and 
several other factors, donor/recipient gender is not a considerable factor in the cur-
rent organ allocation system. Prior pregnancies leading to allosensitization in 
women undergoing evaluation for heart transplant may negatively affect their 
candidacy. 

 VADs are also implanted less frequently in women with advanced heart failure. 
Although body surface area is important, it does not seem to be a limiting factor 
with newer generation VADs. Women undergo emergent VAD implantation more 
frequently than men indicating more advanced stage of disease, higher risk profi le 
and referral bias. In bridge to transplant patients, women are less likely to receive 
heart transplantation than men. 

 In summary, several studies have analyzed the association of gender with life-
saving cardiac surgeries. The results of studies are variable and in some cases con-
tradictory to each other, likely a refl ection of dissimilarities in study designs and/or 
heterogeneity in sample population. Women have been underrepresented in most 
clinical trials. The need of large prospective study with equal enrollment of both 
sexes is evident. Women tend to have worse risk profi le than men indicating more 
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advanced stage of disease or probably late referral for therapeutic considerations. 
The anatomical, pathophysiological and hormonal differences in both sexes should 
also be considered when analyzing outcomes and complications     
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        Heart failure is characterized as a syndrome caused by cardiac dysfunction, leading 
to neurohormonal and circulatory abnormalities, resulting in the characteristic 
signs/symptoms of fl uid retention, shortness of breath, and fatigue, particularly on 
exertion [ 1 ]. The worldwide prevalence and incidence continues to rise over time 
and is rapidly approaching epidemic proportions. In the United States alone, there 
are an estimated six million people living with heart failure and 670,000 new cases 
diagnosed each year, of which 320,000 of these are women [ 2 ]. This has led to an 
annual expenditure approaching nearly 39 billion dollars [ 2 ,  3 ]. 

    HFrEF and HFpEF 

 The heart failure population can be further characterized by identifying those 
patients with reduced ejection fraction (HFrEF) and those with preserved ejection 
fraction (HFpEF) (Table  8.1 ) Prior population-based studies have demonstrated that 
each contribute roughly 50 % to that of the overall heart failure population [ 4 ,  5 ]. 
There appears to be a gender-discrepancy in regards to the prevalence of HFpEF 
with females greatly outnumbering their male counterparts [ 6 ]. The reason for this 
divergence is not clearly understood but several proposed mechanisms may partly 
explain this difference. First, women are more likely than men to develop concen-
tric left ventricular remodeling as a result of chronic pressure overload states such 
as systemic arterial hypertension [ 7 ]. The presence of concentric left ventricular 
remodeling contributes to a greater degree of diastolic dysfunction and depressed 

    Chapter 8   
 Heart Failure and Pulmonary 
Hypertension in Women 

             Andrew     Darlington     ,     Jacinta     Green     , and     Gladys     P.     Velarde     

        A.   Darlington ,  DO     •     J.   Green ,  MD     •     G.  P.   Velarde ,  MD, FACC      (*) 
  Division of Cardiology ,  University of Florida College of Medicine-Jacksonville , 
  ACC Building 5th fl oor 655 West 8th Street ,  Jacksonville ,  FL   32209 ,  USA   
 e-mail: gladys.velarde@jax.ufl .edu  

mailto:gladys.velarde@jax.ufl.edu


156

ventricular reserve during stress [ 8 ]. Ventricular-arterial stiffening, which plays an 
important role in the pathophysiology of HFPEF, is seen to a greater extent in 
women than in men. In addition, the age-related increase in ventricular stiffness 
appears to be further enhanced in females as opposed to males [ 9 ].

   In 2005, the American College of Cardiology/American Heart Association 
(ACC/AHA) introduced a new staging system for heart failure [ 44 ]. This staging 
system remains unchanged in the recently released 2013 ACC/AHA guidelines 
(Table  8.2 ) [ 10 ]. The purpose was to highlight that heart failure is a progressive 
syndrome with a spectrum ranging from asymptomatic patients with risk factors to 
end-stage disease. The fi rst two stages (A and B) comprise asymptomatic patients 
and may account for over 50 % of the population, based on this new classifi cation 
system [ 10 ]. Stage A includes only patients with risk factors for the development of 
heart failure such as diabetes, hypertension, obesity and coronary artery disease. 
Emphasis has been placed on early recognition of risk factors and targeted, aggres-
sive treatment in order to prevent progression to the more advanced disease stages. 
Stage B includes patients with evidence of structural heart disease such as left ven-
tricular systolic dysfunction or left ventricular hypertrophy but without symptoms 
related to heart failure. Early appropriate therapy such as the use of beta-blockers 

   Table 8.1    Defi nitions of HF r EF and HF p EF   

 Classifi cation  EF  Description 

 I. Heart failure with reduced 
ejection fraction ( HFrEF ) 

 ≤40  Alo referred to as systolic HF 
 Effi cacious therapies well demonstrated to date. 

 II. Heart failure with preserved 
ejection fraction ( HFpEF ) 

 ≥50  Also referred to as diastolic HF. 
 Diagnosis of exclusion 
 Effi cacious therapies have not yet been identifi ed 

  (a) HFpEF, borderline  41–49  Intermediate group. 
 Treatment and outcomes similar to HFpEF 

  (b) HFpEF, improved  >40  Subset of HFpEF patients where EF improved or 
recovered. 

 May be distinct group 
 Needs to be characterized better 

  Adapted from [ 10 ] 
  EF  Ejection fraction,  HF  heart failure,  HFpEF  heart failure with preserved ejection fraction, 
 HFrEF  heart failure with reduced ejection fraction  

   Table 8.2    ACC/AHA Guidelines Staging System   

 Stage  Description 

 A  Patients at high risk for developing heart failure who have no structural heart disease or 
symptoms of heart failure. 

 B  Patients who have not yet developed symptoms of heart failure but have structural heart 
disease. 

 C  Patients with a history of symptoms of heart failure with associated underlying structural 
heart disease. 

 D  Patients with end stage heart failure requiring advanced treatments. 

  Adapted from [ 10 ]  

A. Darlington et al.



157

and ACE inhibitors in patients with asymptomatic low ejection fraction reduces 
mortality and delays the development of symptomatic disease [ 10 ]. Patients with 
evidence of structural heart disease and current or prior symptoms of heart failure 
are classifi ed as Stage C. The vast majority of clinical trials have targeted this stage, 
including pharmacological agents and device therapies. Finally, Stage D classifi ca-
tion includes patients who have advanced end stage heart failure and may require 
specialized interventions, including inotropic therapy, heart transplantation and left 
ventricular assist device placement. Current estimates suggest that there are approx-
imately 100,000–250,000 patients in the United States with Stage D heart failure 
who may be eligible for these therapies [ 10 ]. The New York Heart Association 
(NYHA) has created a functional classifi cation system for describing the severity of 
symptoms including NYHA Class I–IV (Table  8.3 ).

    When evaluating women for their likelihood of developing heart failure it is 
important to know the risk factors for heart failure as they relate specifi cally to gen-
der. Coronary artery disease (CAD), the most prevalent risk factor for the develop-
ment of heart failure is more common in males than in females [ 11 ]. However, 
females suffer from a higher prevalence of both hypertension and diabetes com-
pared to males and their presence appears to confer a higher risk for developing 
heart failure [ 12 ,  13 ] (Fig.  8.1 ).

   The presence of obesity also increases the risk for heart failure in females more 
so than in males [ 13 ]. The Framingham study suggests that overall prognosis in 
women is signifi cantly better than in men after the onset of heart failure [ 14 ]. This 
may be due to the fact that women have less ischemic cardiomyopathy, and survival 
might be related to sex differences in etiology. However, due to the longer lifespan 
of women compared to men as well as the increased incidence of heart failure in 
older females compared to males, the overall total number of heart failure-related 
deaths may be higher in women [ 14 ]. 

 It is important to recognize that heart failure is a clinical syndrome that largely 
relies on history and physical exam for an accurate diagnosis. The symptoms of 
both HFREF and HFPEF are similar between men and women and in general, 
patients with heart failure will present in one of three ways. These include (1) 
decreased exercise tolerance, typically with complaints of dyspnea on exertion or 
fatigue (2) fl uid retention and weight gain manifesting as leg and/or abdominal 
swelling and (3) asymptomatic or with symptoms of another cardiac or non-cardiac 

   Table 8.3    New York Heart Association Classifi cation   

 Class  Description 

 I  Patients with cardiac disease but without symptoms a  or limitations in physical activity. 
 II  Patients with cardiac disease resulting in mild symptoms and slight limitations in 

ordinary activity. 
 III  Patients with cardiac disease resulting in symptoms with less than ordinary activity. 
 IV  Patients with cardiac disease resulting in the inability to carry out any physical activity 

without symptoms. There are symptoms at rest. 

  Adapted from The Criteria Committee of the New York Heart Association [ 90 ] 
  a Symptoms include fatigue, palpitations, dyspnea, or angina pain  
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disorder such as an arrhythmia, pulmonary or systemic thromboembolic event [ 10 ]. 
Physical exam fi ndings of increased jugular venous pressure and the presence of the 
hepato-jugular refl ex correspond to elevated pulmonary capillary wedge pressures 
and are highly sensitive fi ndings in heart failure [ 15 ]. During the cardiovascular 
exam the presence of an S3 represents a poor prognostic indicator [ 15 ]. Patients 
may also have an S4, which may indicate diastolic dysfunction. The presence of any 
of a variety of murmurs may indicate possible valvular disease. Lung exam fi ndings 
of rales and dullness at the lung bases are consistent with pulmonary edema and/or 
pleural effusion. Of note, the presence of these pulmonary physical exam fi ndings 
lack diagnostic sensitivity in chronic heart failure [ 15 ]. Additional fi ndings consis-
tent with more advanced, low output heart failure include cold and pale extremities, 
altered sensorium and decreased urine output. 

 Laboratory investigation should include a basic metabolic panel to assess for 
potential abnormalities in serum creatinine, blood urea nitrogen and sodium, all of 
which serve as negative prognostic markers in heart failure [ 16 ,  17 ]. Anemia noted 
on a complete blood count (CBC) is also a well-known negative prognostic marker 
[ 18 ]. The clinical use of natriuretic peptides (BNP and proBNP) in heart failure are 
potentially numerous and have both diagnostic and prognostic utility [ 19 ]. The 
recent 2013 AHA/ACC heart failure guidelines identify the use of natriuretic pep-
tides as useful elements to achieved optimal dosing of guided directed medical 
therapy in selected patients, while acknowledging that their usefulness of serial 
measurement to reduce outcomes is not well established [ 10 ]. Thus their use is 
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strictly as an adjunct to that of the history and physical exam. In females, natriuretic 
peptide levels are typically elevated when compared to men [ 20 ]. In addition, when 
compared with HFrEF, natriuretic peptide levels are lower in HFpEF, a population 
in which females outnumber males [ 21 ]. A chest x-ray can provide quick visualiza-
tion of heart and lung to determine if there is cardiomegaly, pulmonary edema, 
pulmonary vascular congestion, and pleural effusions. ECG which can show evi-
dence of myocardial ischemia, injury, or infarction, atrial enlargement, left ven-
tricular hypertrophy (LVH), or low voltage. Echocardiography is the gold standard 
imaging study for the evaluation of heart failure and can be used to determine the 
presence of systolic and diastolic function as well as hypertrophy, valvular and peri-
cardial disease. As previously noted, females tend to present with concentric hyper-
trophy more than males, who have a higher prevalence of eccentric hypertrophy [ 7 ]. 
Concentric LVH and left atrial enlargement are characteristic structural changes 
noted on echo study in HFPEF and among the very elderly, over 80 % of women 
were found to display LVH [ 22 ].  

    Therapy of HF in Women 

    Management of HF with Reduced Ejection Fraction (HFrEF) 

 Current evidence is inconclusive as to whether or not clinical differences exist 
between men and women with HFREF using standard heart failure treatment. This 
is due to the overall low percentage of females enrolled in these studies and the 
small amount of gender specifi c data recovered from these studies. Recommendations 
for the treatment of women with heart failure have been made by the Heart Failure 
Society of America whose conclusions derived from this limited database are sim-
ply that the management of HFREF should remain similar for both women and 
men. The following section will therefore summarize what we currently know in 
regards to the management of HFREF and HFPEF and how this may be approached 
in the female population. 

 Angiotensin converting enzyme inhibitors (ACE-I) are an established fi rst line 
therapy for chronic HFREF and the mechanism of their benefi t is likely secondary 
to decreasing the maladaptive neurohormonal response by the renin angiotensin 
aldosterone system in the syndrome of heart failure. ACE-I have been shown to 
decrease short-term mortality by 40 % in patients with advanced heart failure [ 23 ] 
and by 16 % in patients with less advanced disease [ 24 ]. ACE-I also decrease mor-
tality in patients with reduced left ventricular dysfunction with or without a prior 
myocardial infarction, even in the absence of symptoms [ 25 ,  26 ]. Similarly, clinical 
studies on ACE-I suggest comparable effects in women and men with heart failure. 

 Angiotensin II receptor blockers (ARBs) are accepted as a potential alternative 
to ACE-I, especially in patients who are intolerant to ACE-I secondary to cough 
[ 27 ]. ARBs are non-inferior to ACE-I in the management of post-MI patients com-
plicated by symptomatic heart failure [ 28 ]. Subsequent analysis of several heart 
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failure trials have found a similar signifi cant reduction in mortality and HF hospital-
izations in women as compared to men [ 29 ]. The recommendations for ARBs are 
similar for men and women and are recommended for those intolerant to ACE-I. 

 Beta-blockers are also an accepted fi rst line therapy for symptomatic heart fail-
ure patients. The mechanism of benefi t from beta-blockers in heart failure is thought 
to involve inhibition of the long-term deleterious effects of the sympathetic nervous 
system. In patients with HFREF, beta-blockers have been found to signifi cantly 
decrease mortality and heart failure re-hospitalizations [ 30 – 32 ]. Review of the beta- 
blocker data on women with symptomatic HFrEF suggests that both genders receive 
similar benefi t from the use beta-blockers [ 33 ]. Given this evidence, recommenda-
tions are to use beta- blockers for both men and women with heart failure. 

 Data from the African-American Heart Failure Trial (A-HeFT) demonstrated a 
reduction in mortality of 43 % using hydralazine and isosorbide dinitrate in addition 
to standard therapy, including ACE-I and beta blockers [ 34 ]. The A-HeFT trial 
included 40 % women, more than previous trials, and found similar improvement in 
heart failure outcomes including primary composite score, fi rst heart failure 
 hospitalization, and event-free survival in both men and women [ 35 ]. 

 Sustained activation of aldosterone appears to play an important role in the 
pathophysiology of heart failure with elevated circulating levels of aldosterone 
enhancing sodium retention. In addition, deleterious effects on the vasculature and 
myocardium have been documented [ 36 ]. There is a general lack of sex-specifi c 
data from prospective trials on the benefi ts of aldosterone antagonists for women 
with left ventricular systolic dysfunction and symptoms of heart failure. However, 
adequate numbers of women were included in two large randomized, controlled 
trials of these agents and subgroup analyses were shown to demonstrate benefi t in 
women [ 37 ,  38 ]. Similar to prior HF guidelines, the most recent 2013 ACC/AHA 
guidelines offer safeguards of creatinine levels needing to be ≤2.0 mg/dL in women 
(vs. 2.5 mg/dL in men) [ 10 ]. 

 Digoxin therapy, though demonstrated to decrease heart failure hospitalizations, 
has not been shown to improve survival [ 39 ]. Retrospective analysis of the Digitalis 
Investigation Group (DIG) trial suggested an increased risk of death from any cause 
among women, but not men, with heart failure and reduced left ventricular ejection 
fraction [ 40 ]. However, further analysis of the same trial reported no excess mortal-
ity in either women or men when serum digoxin concentrations were between 0.5 
and 0.9 mg/ml [ 41 ]. Digoxin levels are higher in women compared to men at any 
given dose likely due to decreased lean body mass and renal function.  

    Management of HF with Preserved Ejection Fraction (HFpEF) 

 HFpEF is associated with increased morbidity and mortality similar to that seen in 
the population with reduced ejection fraction [ 4 ,  5 ]. This is especially concerning 
for women, since females are more likely to have HFpEF than their male counter-
parts [ 6 ]. Unlike the clinical trial data in the HFrEF population, women have been 
well represented in the clinical trials of HFpEF. Among the few prospective studies 
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of HFpEF, the percentage of females ranged from 61 to 76 % of the overall study 
populations [ 3 ,  42 ,  43 ]. Several professional societies have published guidelines 
that specifi cally address HFpEF [ 1 ,  44 ]. However, none of these guidelines, includ-
ing the most recent 2013 ACC/AHA HF guidelines recently released [ 10 ] can be 
considered evidence-based, as there are currently no proven heart failure-specifi c 
therapies for which to use in this population, unlike those with reduced left ventricu-
lar ejection fraction. Society recommendations are generally similar and include the 
use of long-term diuretic therapy, when appropriate, to control or prevent edema 
along with ACE-I, ARBs and beta-blockers to treat hypertension (Table  8.4 ). Low 
sodium diet, without specifi c dietary sodium restriction (previously advocated on 
2005 ACC/AHA guidelines), and fl uid restriction recommendations are similar to 
that of the HFrEF population. Evaluation for ischemic heart disease and inducible 
myocardial ischemia, when applicable is also recommended [ 1 ,  44 ].

   Cardiac resynchronization therapy with defi brillator (CRT-D) is an approved treat-
ment for patients with advanced stages of heart failure in the setting of a widened 
QRS, and this therapy is associated with a reduction in symptoms, improvement in 
functional capacity, and a decrease in hospitalization and mortality [ 45 ]. Data sug-
gests that women seem to benefi t more from CRT-ICD therapy than men. As a result 
of CRT-D therapy, women have decreased cardiac volumes with improvements in 
LVEF compared to males [ 46 ]. In addition, a sub-study of the MADIT-CRT Trial 
demonstrated that women may have a signifi cantly greater benefi t from device ther-
apy than men with regards to overall mortality and cardiac- related outcomes [ 47 ]. The 
reason for this seemingly sex-related benefi t is unclear but may relate to the higher 
proportion of studied males with ischemic cardiomyopathy and non-left bundle 
branch block morphology on ECG, both indicators of poor response to CRT-D [ 47 ].   

   Table 8.4    Recommendations for treating patients with heart failure and preserved left ventricular 
ejection fraction   

  Class I guidelines  
 Physicians should control hypertension in accordance with published guidelines 

(Level of Evidence B) 
 Physicians should use diuretics to control pulmonary congestion and peripheral edema 

(Level of Evidence C) 
  Class IIa guidelines  
 Coronary revascularization is reasonable in patients with CAD in whom ischemia is having 

adverse effect on cardiac function despite GDMT (Level of Evidence C) 
 Physicians should manage atrial fi brillation according to guidelines to improve symptoms of HF 

(Level of Evidence C) 
 Beta blockers, ACE inhibitors, and Angiotensin II receptor blockers should be used for BP 

control (Level of Evidence C) 
  Class IIb guidelines  
 Angiotensin II receptor blockers may be useful in decreasing hospitalizations (Level of 

Evidence B) 
  Class III guidelines  
 Nutritional supplementation is not recommended in HFpEF (Level of evidence C) 

  Adapted from [ 10 ] 
  CAD  coronary artery disease,  ACE  angiotensin converting enzymes,  GDMT  guideline-directed 
medical therapy,  HF  heart failure,  HFpEF  heart failure with preserved ejection fraction  
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    Takotsubo’s Cardiomyopathy 

 Takotsubo’s cardiomyopathy (TC), also referred to as the apical ballooning or bro-
ken heart syndrome is a rare disorder fi rst described in the early 1990s by the 
Japanese. They reported on a unique, reversible cardiomyopathy that appeared to be 
precipitated by acute stress [ 48 ]. They discovered that these subjects were usually 
postmenopausal women who often developed signs and symptoms of an acute coro-
nary syndrome (ACS) proximate to a strong emotional stressor. This presentation 
was associated with a transient apical and/or mid-ventricular wall motion 
 abnormality resembling an octopus trap [ 48 ] (Fig.  8.2 ).

   Subsequent angiography typically displayed a lack of obstructive coronary artery 
disease (CAD). 

 The precise pathophysiologic mechanism of TC is unknown. Pharmacologically 
induced coronary artery spasm has been documented in a number of TC cases [ 49 ]. 
However, the actual signifi cance of these clinical fi ndings remain unclear at the present 
time. The presence of a catecholamine surge has accrued perhaps the most evidence in 
favor of a mechanism for this cardiomyopathy [ 50 ]. TC typically occurs proximate to 
either a physical or emotional stressor, states characterized by high circulating catechol-
amines. Finally, animal studies have shown that the administration of both alpha and 
beta blocker therapy prevents the development of this form of cardiomyopathy [ 51 ]. 

 To date, it is largely unknown why TC predominates in women but several theo-
ries have been proposed to explain this fi nding. One possibility may be related to 
gender differences in myocardial sensitivity to catecholamine toxicity with subse-
quent intra-myocyte calcium overload [ 52 ]. Another is that females typically have a 
smaller left ventricular cavity size which may predispose them to left ventricular 

a b

  Fig. 8.2    ( a ) Ventriculogram of the heart during the contraction phase from a patient with takot-
subo’s cardiomyopathy. Note the distinctive shape with a narrow neck ( arrows ) and ballooned 
lower portion, which contracts abnormally. ( b ) The Japanese takotsubo (ceramic pot used to trap 
octopus) has a shape that closely resembles that of the heart on the left. (Reproduced with permis-
sion from Sharkey [ 89 ])       
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outfl ow tract obstruction and increased intra-ventricular pressure gradients. This 
may in turn cause an oxygen mismatch in the apex resulting in ballooning [ 53 ]. 

 As mentioned previously, those presenting with TC are most commonly post-
menopausal women [ 48 ]. In a systematic review, women accounted for 82–100 % 
of patients with an average age of 62–75 years, although cases have been described 
in individuals as young as 10 and as old as 91 years of age [ 54 ]. Typically, a prior 
strong emotional or physical stressor predates presentation though in some no pre-
cipitating event is identifi ed [ 48 ]. Clinical presentation usually involves acute dys-
pnea and chest pressure or tightness not dissimilar to that of a patient with an acute 
coronary syndrome. ECG abnormalities are a mainstay and include ST elevation, 
pathologic appearing Q waves, QT prolongation and deep, symmetrical T wave 
inversions [ 54 ] (Fig.  8.3 ).

   These fi ndings, when combined with cardiac biomarker elevations that are com-
monly seen make it very diffi cult on initial evaluation to distinguish TC from that of 
an ST elevation myocardial infarction. Furthermore, it has been estimated that as 
many as 6 % of women presenting with an apparent ACS may actually have TC 
[ 55 ]. The hallmark echocardiographic fi ndings consist of apical and/or midventricu-
lar wall motion abnormalities that do not correlate with the distribution of a single 
major epicardial coronary distribution with hyperkinesis of the basal myocardial 
segments [ 54 ]. Variants have been reported in young females presenting with stress 
cardiomyopathy after an acute emotional or physical stress demonstrating isolated 
basal hypokinesis only [ 55 ] (Fig.  8.4 )

   Emergent cardiac catheterization most commonly reveals a lack of obstructive 
coronary artery disease that could account for the observed regional wall motion 
abnormalities. 

 Currently there is a lack of available clinical trial data in TC with which to guide 
therapy so management is typically performed on an empiric basis. Fortunately, due 
to the reversible nature of TC, supportive care will usually suffi ce. In rare instances, 

  Fig. 8.3    Electrocardiogram of a patient with takotsubo’s cardiomyopathy demonstrating ST seg-
ment elevation in the anterior precordial and high lateral limb leads with recipricol changes in the 
inferior limb leads. (Reproduced with permission from Sharkey [ 89 ])       
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hemodynamic compromise leading to cardiogenic shock occurs, requiring the assis-
tance of intravenous inotropes and even mechanical support by means of an intra- 
aortic balloon pump. Anticoagulation should be considered, at least during the 
initial hospital course to prevent the formation of left ventricular thrombus and sub-
sequent thromboembolism, which is a common cause of mortality in these patients. 
Given the role that catecholamines may play in the pathophysiology of TC, long-
term beta-blocker therapy to prevent recurrence has been suggested though no clear 
and consistent data exists to support its use [ 54 ]. 

 TC is an uncommon disorder that predominates in women where several hypoth-
eses, including myocardial dysfunction mediated through catecholamine-induced 
damage through regional variation in number or sensitivity of myocardial adrener-
gic receptors from base to apex and their variable response to stress and hormonal 
infl uences to the presence of altered coronary arterial regulation similar to coronary 
spasm have been proposed. It is likely that the pathogenesis of TTC is multifactorial 
and the exact pathophysiologic mechanism remains elusive.  

    Pulmonary Hypertension 

 Pulmonary Hypertension (PH) is a heterogeneous group of disorders that has been 
defi ned as a resting mean pulmonary artery pressure of ≥25 mmHg by right heart 
catheterization [ 56 ]. A strong female predominance of several types of PH have 
been well demonstrated over time yet the specifi c mechanism(s) that drive this pre-
dilection are currently unclear. This section will review the classifi cation, diagnosis 
and treatment of PH with a focused emphasis on women. 

 The most recent clinical classifi cation was created in 2008 and has divided PH 
into fi ve main groups characterized by widely different pathologic features [ 56 ]. 
Group I PH, otherwise known as pulmonary artery hypertension (PAH) will be the 
major emphasis of this section. It is a rare condition, characterized by a prevalence 

a b

  Fig. 8.4    Cardiac magnetic resonance imaging demonstrating in ( a ) diastole and ( b ) systole. The 
unusual pattern of basal akinesis ( arrows ) with preserved mid and apical function. The so-called 
“reverse takotsubo pattern”. (Reproduced with permission from Sharkey [ 89 ])       
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of 15–50 patients per million [ 57 ]. PAH encompasses idiopathic PAH, HIV, connec-
tive tissue disease-related PH and PH mediated by various drugs and toxins. PAH is 
characterized by medial hypertrophy as well as intimal proliferative and fi brotic 
changes (concentric, eccentric). The pulmonary veins are classically unaffected and 
by defi nition the pulmonary capillary wedge pressure remains under 15 mmHg [ 56 ]. 
The prognostic outlook of this population is dismal with historical data suggesting 
a median survival of only 2.8 years in those with a diagnosis of idiopathic PAH [ 58 ]. 

 The other major causes of PH (Groups II-V) include left heart disease (Group II), 
which involves advanced stages of heart failure and left-sided valve disease [ 56 ]. 
PH is commonly related to a passive backfl ow of pressure that is completely revers-
ible upon relief of the left sided pathology [ 59 ]. However, in more advanced cases 
the degree of PH is out of proportion to the level of pressure generated by left heart 
pathology. This form of reactive PH may still be reversible after treatment with 
vasodilator therapy but can also lead to a fi xed form of pulmonary artery hyperten-
sion, characterized by structural arterial remodeling [ 59 ]. Group III PH, is charac-
terized by various lung disorders causing hypoxemia, such as chronic obstructive 
pulmonary disease (COPD), obstructive sleep apnea (OSA) or interstitial lung dis-
ease (ILD) [ 56 ]. Hypoxia induces medial hypertrophy and vasoconstriction of the 
pulmonary arterial vasculature, leading to increases in pulmonary arterial pressures. 
Group IV PH, identifi ed as chronic thromboembolic disease is typically caused by 
single or recurrent pulmonary emboli. This leads to progressive vascular remodel-
ing with symptoms of dyspnea, fatigue, hypoxemia and eventual right heart failure. 
Pulmonary thromboendarterectomy is recommended in select patients with PH that 
persists despite appropriate anticoagulation [ 60 ]. Group V PH corresponds to vari-
ous clinical disorders like sarcoidosis, histiocytosis X and chronic anemias such as 
sickle cell. The underlying mechanisms are not clearly elucidated at the present 
time with treatment is typically directed towards the underlying disease process. 

 Cardiovascular fi ndings on physical examination consistent with pulmonary 
hypertension and right ventricular pressure overload include: a large a wave in the 
jugular venous pulse, a second heart sound with a loud pulmonic component, and a 
fourth heart sound of right ventricular origin [ 61 ]. Late in the course, signs of right 
ventricular failure (e.g., hepatomegaly, peripheral edema, ascites) may be present. 
Patients with severe pulmonary hypertension may also have prominent v waves in 
the jugular venous pulse as a result of tricuspid regurgitation, a third heart sound of 
right ventricular origin and a high-pitched diastolic murmur of pulmonic regurgita-
tion. Cyanosis is a late fi nding and unless the patient has associated lung disease, is 
usually attributable to a markedly reduced cardiac output, with systemic vasocon-
striction and ventilation-perfusion mismatch in the lung [ 61 ]. 

 There are several essential testing modalities that assist not only in the diagnosis 
of PH but also guide potential therapy. Doppler echocardiography has become the 
preferred screening test for PH. Doppler echo assessment of pulmonary artery pres-
sure is feasible through its ability to estimate right ventricular systolic pressures 
obtained by measuring peak velocity of the tricuspid regurgitant jet and applying 
the Bernoulli formula [ 61 ]. Echo also provides the additional advantage of evaluat-
ing left-sided ventricular function and valves. However, right heart catheterization 
remains the gold standard and is required for the defi nitive diagnosis and 
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characterizing the severity of PH [ 61 ]. A chest radiograph may show enlargement 
of the main pulmonary artery and its major branches. The right ventricle and atrium 
may also be enlarged. The electrocardiogram (ECG) in patients with PAH may 
exhibit right atrial enlargement and right ventricular hypertrophy. T wave inversions 
in the anterior precordial leads represent repolarization abnormalities associated 
with right ventricular hypertrophy. A perfusion lung scan is a highly sensitive test 
for the diagnosis of chronic pulmonary thromboembolism and is thus recommended 
for all patients who present with pulmonary hypertension [ 61 ]. Contrast enhanced 
chest computed tomography (CT) scans are also helpful in diagnosing chronic 
thromboembolic pulmonary disease. High-resolution CT may also assist in the 
diagnosis of interstitial lung disease as a cause for PH [ 61 ]. 

 The discussion on therapeutic approaches to PH pertains to treatment specifi c to 
PAH (Group 1) patients. Of note, none of the large scale trials showed that one sex 
benefi ted more than the other from a particular therapy [ 3 ,  62 ]. Data on the use of 
these drugs in the other PH groups is scant and largely inconclusive. High dose 
calcium channel blockers appear to have a role in improving both morbidity and 
mortality in roughly 20 % of those with PAH who have a signifi cant response to 
vasodilatory testing during right heart catheterization [ 64 ]. Prostacyclins (epopros-
tenol, iloprost, treprostinil) are a common therapy used in the treatment of PAH. 
Prostacyclin, produced by the vascular endothelium has potent vasodilatory and 
anti-proliferative effects. Positive benefi ts have been noted with prostacyclins in 
relation to exercise tolerance, hemodynamics and even survival [ 65 ]. Delivery is by 
intravenous, inhalation or subcutaneous routes. Serious complications typically 
relate to problems related to the drug delivery systems such as infection and pump 
malfunction. Sildenafi l, a phosphodiesterase type 5 inhibitor, acts by promoting sus-
tained levels of cyclic GMP which is a selective pulmonary vasodilator. Noted ben-
efi t in exercise capacity and hemodynamic profi les has been seen in those with PAH 
[ 66 ]. Endothelin-1 exerts mitogenic and vasoconstrictive effects on the pulmonary 
vasculature and is active in patients with PAH. Both selective (Ambrisentan) and 
non-selective (Bosentan) endothelin antagonists are approved for use in PAH and 
have been shown to improve exercise capacity and time to clinical worsening 
[ 63 ,  67 ]. Of note, these drugs are pregnancy category X (i.e. known teratogens). 

 Various forms of PAH including idiopathic and heritable forms as well as 
connective- tissue disease associated PAH have shown a clear female predominance 
[ 68 ,  69 ]. Registry data has shown a nearly 10:1 female-male ratio of scleroderma- 
associated PAH [ 70 ]. Several hypotheses exist to potentially explain the large dis-
crepancy between females and males with PAH. Estrogen has been proposed as a 
detrimental compound to both the pulmonary vasculature and the right ventricle 
however animal study has refuted this by demonstrating the favorable effects of 
estrogen on the pulmonary vasculature [ 71 ]. Whether or not this discrepancy is 
related to differences in estrogen metabolism, other unidentifi ed sex hormones or 
differences between animal and human models of disease is currently unknown. A 
second potential mechanism for the female predominance in PAH is lower testoster-
one levels in females. Testosterone may be benefi cial for the pulmonary vasculature 
and right ventricle as there is ample laboratory testing that testosterone acts as a 
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pulmonary vasodilator acutely [ 72 ]. A third proposed mechanism relates to the 
increased environmental exposure of females to various environmental agents, 
including anorexigens and estrogenic medications [ 73 ]. Unfortunately, current data 
on this topic is very limited and therefore does not allow any meaningful conclu-
sions to be drawn on the role of these agents in the development of PAH. 

 Interestingly, despite the female predominance seen in PAH, the overall mortal-
ity rates are actually lower than in males [ 74 ,  75 ]. The gender discrepancy in 
observed mortality may be driven by differences in right ventricular function. Right 
ventricular function is closely linked with overall mortality in the PH population 
[ 76 ] and data has shown that male sex is associated with lower right ventricular 
ejection fraction compared to female counterparts [ 76 ]. 

 Due to several obligatory hemodynamic changes that occur during gestation, 
including increased cardiac output [ 77 ], pregnancy represents a particularly danger-
ous state for pregnant women with PAH. High pulmonary vascular resistance typi-
cally seen in patients with PAH limits this blood supply to the feto-placental unit. 
As a result, maternal mortality though improved due to availability of current PAH 
therapy is still unacceptably high [ 78 ]. As a result of this risk, general recommenda-
tions typically include pregnancy avoidance altogether. This can be safely per-
formed by means of sterilization. 

 Through research endeavors, great strides have been made in the fi eld of PH, 
particularly in the identifi cation of various mechanisms leading to the development 
of this disease state. This has lead to the development of several drug therapies, 
which have improved functional capacity and lowered mortality. Further research is 
clearly needed to better characterize the mechanism(s) behind the female predomi-
nance of PH.  

    Breast Cancer Therapy and Cardiomyopathy 

 It is estimated that 1 out of 8 women in the US will develop invasive breast cancer 
and most of these women will require chemotherapy [ 79 ]. Therefore, understanding 
chemotherapy associated cardiomyopathy from common chemotherapeutic agents 
used in the management of breast cancer is of great interest. Anthracyclines such as 
doxorubicin and daunorubicin are common chemotherapeutic agents that are likely 
to be toxic to myocytes and cause cardiomyopathy. Anthracyclines are used in the 
treatment of solid tumors, including breast cancers. Doxorubicin’s toxic effects on 
cardiac function are typically dosage dependent with exposure >550 mg/m 2  having 
a 7.5 % risk of developing cardiomyopathy and >700 mg/m 2  having a 20 % risk. 
Because of these dose dependent effects, most oncologists now limit the maximum 
cumulative dose to <450 mg/m 2  for doxorubicin [ 80 ]. Patients who develop cardio-
myopathy typically develop LV dysfunction and heart failure within the fi rst year of 
completing therapy, however it can occur many years after the initial exposure [ 81 ]. 
Therefore, patients who will start treatment with an anthracycline should undergo a 
baseline echocardiogram to determine LV function prior to initial dose with follow 
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up echocardiograms to assess for deterioration in LV function as the cumulative 
dosage approaches 450 mg/m 2 . 

 Another common cardiotoxic chemotherapeutic agent used for the treatment of 
breast cancer is trastuzumab. An antibody directed against human epidermal growth 
factor receptor 2 (HER2) encoded by the proto-oncogene ERBB2, trastuzumab is 
used in the treatment of metastatic breast cancer. Trastuzumab has been studied and 
found to have an increased risk of up to 7 % of left ventricular dysfunction. This risk 
is increased to 27 % when used with anthracycline [ 82 ]. In contrast to anthracycline- 
induced cardiac toxicity, trastuzumab-induced cardiac injury is largely reversible 
after treatment discontinuation [ 83 ]. 

 Chest-wall radiotherapy in patients with breast cancer can put women at increased 
risk of radiation-induced cardiotoxicity. At high-dose and volumes, radiation ther-
apy decreases breast cancer deaths at the expense of increased cardiovascular mor-
tality [ 84 ]. The pericardium is the most commonly affected cardiac structure as a 
result of radiotherapy. Patients may present with an underlying pericardial effusion 
either with or without accompanying symptoms [ 85 ]. More concerning are those 
presenting with signifi cant signs and symptoms of severe heart failure related to 
constrictive pericarditis [ 85 ]. New technology, dosage adjustments, and strategies 
designed to avoid irradiation of the heart and great vessels are needed to continue 
improve overall survival in patients receiving radiation therapy.  

    Peripartum Cardiomyopathy 

 Peripartum Cardiomyopathy (PPCM) is a unique condition of unknown cause. It is 
reported in 1:300 to 1:4,000 live births [ 86 ] and is defi ned as LV dysfunction during 
the last trimester of pregnancy or the early puerperium. Risks for PPCM include 
advanced maternal age, multiparity, multifetal pregnancy, African American 
descent, preeclampsia, gestational hypertension and long term tocolysis [ 87 ]. Its 
etiology remains unknown but most theories involve hemodynamic and immuno-
logic causes. This important cardiomyopathy, its treatment, prognosis and sequelae 
will be covered extensively in the pregnancy chapter.  

    Conclusion 

 The prevalence of Congestive Heart Failure (CHF) is rapidly expanding throughout 
the world and will continue to do so in the future as both the general population ages 
and the overall incidence of distinct risk factors for heart failure such as hyperten-
sion, obesity and diabetes continue to climb. Of importance, women make up nearly 
half of all new cases of CHF occurring annually. However, despite the large number 
of women suffering from CHF, particularly those with preserved ejection fraction, 
pulmonary hypertension and cardiomyopathies largely unique to the female gender 
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such as breast cancer-related cardiomyopathy, peripartum cardiomyopathy and 
Takotsubo’s cardiomyopathy (TCM), the mechanism(s) behind this female predom-
inance are poorly characterized and clinical trials continue to lag behind. Thus, the 
focus of this chapter is to provide an overview of congestive heart failure, pulmo-
nary hypertension and several cardiomyopathies unique to the female population 
and to highlight the overall impact that these disease processes have on female 
gender. Moving forward, we need to stress the importance of continued dedicated 
research in the fi eld with a particular emphasis on the female population.     
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          Objectives 

   1.    Defi ne the prevalence and age-dependence of valvular heart disease in women.   
   2.    Gender-specifi c history and physical manifestations of valvular disease.   
   3.    Diagnostic evaluation.   
   4.    Treatment including medical and surgical treatment.   
   5.    Special problems: Pregnancy.     

   Introduction 

 Valvular heart disease is an important clinical problem in women as a number of 
congenital and acquired diseases affecting the cardiac valves occur with greater 
frequency in women. Women also have differences in physiognomy and physiol-
ogy that infl uence the clinical presentation, diagnostic approach, therapeutic 
options, and results of therapy. Women, on average, tend to be smaller than men. 
This not only applies to their external dimensions, but also to the dimensions of the 
cardiovascular system. For example, the heart of a normal woman weighs on aver-
age approximately 100 g less than men [ 1 ]. They experience differences in cardio-
vascular remodeling in response to the hemodynamic alterations that result from 
valvular dysfunction, physiologic changes that accompany a normal pregnancy and 
the pathologic effects of pregnancy-related complications can deleteriously accel-
erate valve-related hemodynamic alterations and symptoms of valve dysfunction. 
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In this chapter, we will defi ne those areas of valvular heart disease than directly 
applies to women, and identify those gender-related issues in the diagnosis, evalu-
ation, and treatment of valve disease.  

   Epidemiology 

 Certain valvular abnormalities occur with greater frequency in women. For example, 
rheumatic heart disease manifests as mitral stenosis more often in women than men. 
Female predominance is also noted in mitral valve prolapse and primary pulmo-
nary hypertension. Congenital valvular abnormalities affect younger women, while 
acquired disease becomes more prevalent with age. Coronary artery disease- induced 
mitral regurgitation, calcifi cation of the cardiac skeleton that results in mitral annulus, 
papillary muscle, aortic valve and aortic calcifi cation, and myxomatous degeneration 
of the mitral valve and chordae tendineae all increase in frequency with advancing age.  

   Mitral Valve Disease 

 The mitral apparatus consists of the mitral valve leafl ets, the mitral annulus, the chor-
dae tendineae, the papillary muscles, the left atrium and ventricle. Normal orientation 
and coordinated performance of all of these structures is required for physiologic valve 
performance. The normal mitral valve consists of anterior and posterior leafl ets attached 
to the mitral annulus composed of fi bromuscular tissue [ 2 ]. The anterior mitral leafl et 
is generally larger than the posterior leafl et, has a triangular shape, and has three seg-
ments. It subtends approximately two-thirds of the mitral orifi ce while attached to 1/3 
of the annulus [ 2 ]. The posterior leafl et is smaller and has three distinguishable seg-
ments or scallops [ 2 ]. It is attached to approximately two-thirds of the annulus but 
occludes only 1/3 of the orifi ce area. The leafl ets are attached to two papillary muscles 
by chordae tendineae that branch and insert into the free edge and body of the leafl ets 
in order to prevent prolapse during cardiac systole and facilitate diastolic opening [ 2 ]. 

 The leafl ets themselves are lined with endothelial cells and are composed of three 
layers: the atrialis located on the atrial side and composed of collagen and elastic 
fi bers, the spongiosa located in the middle of the leafl et and composed of proteo-
glycans and glycosaminoglycans (GAGs) in which are embedded myofi broblasts, 
and the ventricularis which lines the ventricular side of the valve and is composed 
mainly of collagen. In addition, the mitral valve contains cardiac myocytes and stem 
cells. The fi bromuscular annulus is saddle-shaped and undergoes dynamic changes 
in area during the cardiac cycles to reduce resistance to left ventricular diastolic 
fi lling while augmenting systolic leafl et coaptation and thus valve competence. 
Systolic competence also requires normal chordal geometry, and papillary muscle 
and adjacent left atrial and ventricular myocardial geometry and performance. 
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   Mitral Regurgitation 

 Mitral regurgitation (MR), the second most common indication for valve surgery 
in the United States, may be secondary to structural or functional dysfunction of 
any or more of the components of the mitral valve apparatus. In women, as in the 
general population, common causes of (MR) include congenital and acquired 
mitral apparatus degeneration and remodeling, rheumatic heart disease, 
endocarditis.  

   Ischemic Mitral Regurgitation 

 Coronary artery disease is the most common cause of death and disability in women. 
Atherosclerosis-induced ischemia can cause MR by a number of mechanisms. 
Focal left ventricular remodeling typically resulting from a basal inferior-posterior 
wall infarct involving the region of the posterior medial papillary can cause mitral 
regurgitation (MR) due to loss of chordal alignment from papillary muscle tethering. 
The leafl ets, particularly the medial side, are apically displaced into the LV prevent-
ing normal coaptation. Partial papillary muscle ischemia or infarction can result in 
incomplete to complete rupture that can result in MR even if LV remodeling does 
not occur. Complete rupture results in severe acute regurgitation often presenting as 
acute pulmonary edema and cardiogenic shock often without a typical MR murmur. 
The ischemic etiology of papillary muscle rupture can be unrecognized in women due 
to absence of typical symptoms and the fact that it can occur in the setting of a very 
small infarct. 

 Both ischemic and non-ischemic cardiomyopathies can induce mitral regurgita-
tion due to loss of normal chordal geometry caused by the spherical LV dilatation 
and annular enlargement, the latter associated with reduced systolic contraction, 
all of which decrease the area of leafl et coaptation. The severity of regurgitation is 
related to levels of pre- and after-load and can be altered by changes in loading 
conditions [ 3 ]. Mitral annular calcifi cation leading to abnormal closure of the 
mitral leafl ets due to restricted mobility is an important cause of mitral regurgita-
tion which is observed with increased frequency in female as compared to males. 
Annular calcium can also cause chordal abrasion leading to rupture. Finally, a 
calcifi ed annulus, by in itself can result in effective mitral stenosis due to loss of 
its ability to dilated in diastole and reduction of the orifi ce area by exuberant 
calcifi cation. 

 Patients with chronic mitral regurgitation experience increased LV wall stress 
that induces cardiomyocyte apoptosis and hypertrophy and extracellular matrix 
remodeling, the latter results in increased fi brosis, often perivascular in location. 
The net result is a spherical LV accompanied by declines in stroke volume, cardiac 
output and left ventricular ejection fraction [ 4 ].  
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   Mitral Valve Prolapse 

 Mitral valve prolapse (MVP) is twice as prevalent in women as compared to men. 
In the United States alone, MVP accounts for the majority of cases of severe mitral 
regurgitation needing surgical mitral valve replacement and also accounts for the most 
common valvular condition predisposing patients to chordal rupture and infective 
endocarditis [ 4 ]. Myxomatous disease of the mitral valve may affect one or both leaf-
lets and chordae tendinaea. Mitral valve prolapse was fi rst described by Barlow and 
colleagues and is considered a congenital defi ciency of the mitral tissue [ 2 ,  5 ]. Patients 
with mitral valve prolapse demonstrate focal thickening and lengthening of both the 
anterior and posterior mitral leafl ets from their site of attachment [ 2 ]. In addition, there 
is elongation and thinning of the chordae tendineae predisposing them to rupture in a 
subset of patients. Dilation of the mitral annulus is the most common cause of associ-
ated mitral valve regurgitation in patients with MVP. Myxomatous degeneration, the 
hallmark of this syndrome, can solely involve the mitral apparatus, but it can involve 
the tricuspid and aortic valves, especially when associated with identifi able connective 
tissue disorders. MVP is found in approximately 90 % of patients with Marfan syn-
drome and 6 % of patients with Ehlers- Danlos syndrome [ 4 ]. In those cases, there is 
involvement of the aorta that can increase the risk for aortic dilatation and dissection. 

 Histologically, the leafl ets show increased deposition of elastic tissue with superim-
posed fi brous tissue on both the atrial and ventricular aspects of the leafl ets and increased 
production of mucopolyaccharides and GAGs in the spongiosa, produced by trans-
formed myofi broblasts resulting in leafl et thickening [ 2 ]. Leafl et remodeling results in an 
increase in the size of the mitral leafl ets and the mitral apparatus. The mitral annulus loses 
its normal saddle-shape in patients with severe mitral regurgitation. Its area is increased 
with a decreased ratio of annular height to commissural width, and cyclical changes in 
the orifi ce are reduced. Annular fl attening leads to increase tension on the annulus itself, 
leafl ets and chords which results in weakening and elongation of the leafl ets, prolapse 
and increased tendency to chordal rupture, all contributing to increased severity of asso-
ciated mitral regurgitation [ 6 ]. The severity of mitral regurgitation depends on the extent 
and severity of these anatomic and functional derangements and loading conditions and 
has potential implications at the time of mitral valve repair [ 6 ]. 

   Physical Examination 

 MVP is suggested by the presence of a MR murmur in an otherwise asymptomatic 
person. The murmur is often mid-late systolic and is frequently proceeded by a click, 
which occurs coincidental with the maximum systolic excursion of the prolapsing leaf-
let. The duration and intensity of the murmur is dynamic, varying with position and 
activity, refl ecting a complex interaction of the extent of derangement of the mitral 
apparatus with changes in LV dimensions and loading conditions. It can become softer 
and earlier with the straining phase of the Valsalva maneuver, while positional changes, 
e.g. standing, causes the murmur of MVP to lengthen and to become more intense. 
Post-ventricular premature contractions and atrial fi brillation cause shortening of the 
murmur of MVP [ 7 ]. The extent of radiation of the murmur depends on the direction 
of the jet. In particular, posterior leafl et prolapse can result in an anteriorly directed jet 
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that can mimic the murmur of LVOT or semilunar valve stenosis. Posterior directed 
regurgitation can radiate to the axilla and back. Very early prolapse can result in a 
holosystolic murmur. The click will merge with the fi rst heart sound. Other fi ndings on 
cardiac examination include a LV heave and S3 gallop in patients with LV enlargement 
and/or severe regurgitation. Other physical fi ndings include brisk carotid upstrokes, 
diminished intensity of the fi rst heart sound (S1) and wide splitting of the second heart 
sound (S2). Associated pulmonary hypertension is suggested by the presence of a right 
ventricular heave and increased intensity of the pulmonary component of S2.  

   Diagnostic Evaluation 

   Doppler Echocardiography 

 Transthoracic Doppler-echocardiography (TTE) is the primary test for diagnosis 
and quantifi cation of mitral valve regurgitation and to determine its effects on left 
ventricular and atrial size and performance, pulmonary artery pressures, and to 
diagnose concomitant cardiovascular abnormalities. The complete mitral apparatus 
should be imaged in multiple planes to defi ne the mechanisms for regurgitation, e.g. 
prolapse of the mitral valve leafl ets, torn chordae chordae tendineae leading to fl ail 
leafl ets, vegetations, the presence of left ventricular remodeling due to ischemia or 
cardiomyopathy, etc. MVP is diagnosed by demonstrating ≥2 mm of systolic excur-
sion of one or more mitral into the left atrium in either the parasternal or apical long 
axis views (Fig.  9.1 ). Thickening of the involved leafl ets greater than 5 mm as well 
as increased mitral annular diameter supports the diagnosis [ 8 ]. Quantifi cation of 
left ventricular dimensions, wall thicknesses and ejection fraction (LVEF) com-
bined with quantifi cation of left atrial size is important as LV and LA enlargement 
and decease in LVEF all have prognostic signifi cance and impact the timing of 
operative repair. Doppler echocardiography is highly sensitive and specifi c to iden-
tify MR and is essential to quantify the severity of MR as well as diagnosing and 
quantifying the presence and severity of pulmonary arterial hypertension [ 2 ]. The 
severity of MR can be estimated by a number of measurements, e.g. the regurgitant 
jet area, the diameter of the vena contracta, etc. It can also be quantifi ed in suitable 
cases by measuring the regurgitant orifi ce area and volume by proximal isovelocity 
surface area (PISA) method [ 9 ,  10 ], (Table  9.1 ). While less accurate than other 

  Fig. 9.1    2-D 
Echocardiogram    parasternal 
long axis view of the left 
ventricle revealing prolapse 
of both the anterior and 
posterior mitral leafl ets ( white 
arrow )       
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methods, a jet/LA area ratio of ≥40 % suggests severe MR. Severe MR is also sug-
gested by a vena contracta diameter of >7 mm, an effective regurgitant orifi ce area 
of ≥40 mm 2  area, and/or a regurgitant volume of ≥60 ml. Conversely, mild MR is 
suggested by values of <3 mm, <20 mm 2 , and <30 ml, respectively. Intermediate 
values suggest moderate MR. MR volume can also be calculated as the difference 
between the total LV stroke volume and the forward aortic stroke volume by two-D 
echocardiography and also by magnetic resonance imaging (MRI) [ 2 ,  13 ]. Exercise 
echocardiography may be helpful to defi ne the response of the mitral apparatus, 
severity of MR, and LV systolic performance to stress. An exercise induced decrease 
in LVEF is an indication of early LV dysfunction.

    Trans-esophageal Doppler echocardiography (TEE) is helpful in patients with 
poor imaging windows. In addition to better delineation of the anatomy of the mitral 
apparatus, left atrial appendage size and function and pulmonary vein fl ow can be 
measured. Flow-reversal in the pulmonary veins suggests severe MR. Exclusion of 
a left atrial thrombus is important for those with embolic symptoms or who are to 
undergo cardioversion for an atrial tachyarrhythmia. TEE is essential for the preop-
erative assessment of patients being considered for mitral valve repair. A complete 
assessment of the three segments of both leafl ets is required. Also the chordae ten-
dineae must be imaged and the dimensions the annulus quantifi ed. While most labo-
ratories still employ two dimensional imaging, the use of three dimensional imaging 
provides superior spatial assessment and can be very useful to defi ne the optimum 
surgical approach. Other imaging modalities, i.e. CT scanning and MRI may be use-
ful in particular circumstances [ 14 ].  

   Electrocardiography 

 The electrocardiogram (ECG) is usually normal in the majority of patients, but a 
small minority of patients demonstrates nonspecifi c ST-T wave abnormalities. 
More severe MR is suggested by the presence of electrocardiographic criteria for 
both left atrial and ventricular enlargement. Paroxysmal supraventricular tachycar-
dia is the most common tachyarrhythmia encountered in patients with MVP syn-
drome. However, some patients develop ventricular premature contractions and 
ventricular tachyarrhythmias due to stretch-induced depolarizations of resident 
cardiomyocytes and QT-segment prolongation. Finally, left atrio-ventricular 
bypass tracts, including the Wolf-Parkinson-White syndrome, are associated with 
MVP [ 4 ].  

   Chest Radiography 

 Chest radiography is often normal in mild MR, but can demonstrate a constellation 
of fi ndings as the heart responds to worsening disease. Left ventricular and atrial 
enlargement can occur, the latter manifest by straightening of the left heart border 
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and splaying and posterior deviation of the left main bronchus. With hemodynamic 
decompensation, pulmonary venous congestion progressing to pulmonary edema, 
pulmonary artery enlargement, and right atrial and ventricular enlargement may be 
seen.  

   Cardiac Catheterization 

 Invasive hemodynamic assessment of mitral regurgitation can be further evaluated 
by a left and right heart cardiac catheterization, especially if the non-invasive assess-
ment is ambiguous or for pre-operative evaluation. Measurement of intracardiac 
pressures and evaluation of pressure waveforms is essential [ 2 ]. Increasing MR 
severity may be manifest by an increase in average left atrial/pulmonary capillary 
wedge (PCW) pressures accompanied by a late systolic peak (“v” wave) whose 
height correlates with MR severity [ 2 ]. In addition, a right heart catheterization to 
exclude pulmonary hypertension and tricuspid valve disease, cardiac output mea-
surements, and calculation of pulmonary total and vascular and systemic vascular 
resistances. A difference between the PCW and LV diastolic pressures should 
excluded by simultaneous recording of the pressure waveforms. Left ventriculogra-
phy is used to quantify the degree of mitral regurgitation. Finally, coronary angiog-
raphy is required in those with suspected or known coronary artery disease, 
especially if an ischemic etiology to their MR is suspected, those with multiple 
CAD risk factors, an underlying cardiomyopathy, and those over 40 years of age.   

   Clinical Course 

 The majority of patients with mild MR of any etiology remain asymptomatic. 
However, MVP patients may report atypical chest pain, syncope, presyncope, and 
palpitations. Worsening MR is characterized by a relatively long asymptomatic 
period. During this time mitral apparatus, LV and LA remodeling may occur. LV 
dilatation and remodeling accompanies worsening MR and can in itself increase the 
degree of valve dysfunction. The increased wall stress can induce apoptosis and 
fi brosis leading to a decline in systolic performance associated with pulmonary con-
gestion, dyspnea and other manifestations of CHF. Left atrial enlargement also 
occurs during this asymptomatic period. The fi rst clinical manifestation may be 
atrial fi brillation or a systemic embolus. Disease progression can result in the devel-
opment of pulmonary hypertension due to pulmonary venous hypertension or an 
elevated pulmonary vascular resistance. Development of systemic congestion due to 
right sided heart failure and tricuspid regurgitation can manifest as, congestive hep-
atomegaly, edema and ascites. 

 Progressive mitral regurgitation results in the development of CHF occur in 
about 15 % of patients with MVP over a course of 10–15 years [ 10 ,  14 ]. Patients are 
also at increased risk of developing mitral valve infective endocarditis which can 
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accelerate the progression MR, LA and LV remodeling, decline in LVEF. Those 
factors but especially a decrease in LVEF to below 60% are associated with reduced 
symptom free survival [ 2 ].   

   Mitral Stenosis 

 Rheumatic heart disease has a low prevalence in the United States, primarily due 
to effective prophylaxis against rheumatic fever. However, it remains an impor-
tant cause of valve disease in developing countries, and because of this reservoir, 
rheumatic valve disease is often found in immigrant communities in the United 
States. Acute rheumatic fever results from an autoimmune-mediated infl amma-
tory response to an inadequately treated infection with a Group A β-hemolytic 
 Streptococcus . A pancarditis results, involving the mural endocardium, myocar-
dium and epicardium, whose major sequellae involves an infl ammatory valvulitis 
and endocarditis involving the mitral, aortic, and tricuspid valves in decreasing 
relative frequency [ 2 ]. Rheumatic heart disease may be viewed as a disease of the 
mitral valve as there is always involvement of the mitral valve apparatus. In addi-
tion, rheumatic mitral disease is two times more common in women than men [ 2 , 
 5 ]. Aschoff bodies, pathognomonic for rheumatic disease, are always found when 
there is involvement of the mitral valve [ 2 ]. Acute rheumatic valve disease is 
characterized by small vegetations and acute valvulitis and is characterized by 
mitral regurgitation. Mitral stenosis, with or without mitral regurgitation, is a late 
fi nding and is characterized by commissural fusion associated with varying 
degrees of leafl et thickening due to deposition of fi brous tissue and calcium. 
Calcium deposition in the mitral leafl ets and involvement of the aortic valve are 
more pronounced in men than women, older patients and those with higher arte-
rial blood pressure. 

 Other causes of mitral stenosis include congenital leafl et and apparatus deformi-
ties, e.g. parachute mitral valve, narrowing of the mitral orifi ce due to exuberant 
calcifi cation of the mitral annulus, obstruction due to large vegetations or a left 
atrial myxoma or rarely a cor triatriatum. 

   Physical Examination 

 Patients with mitral stenosis may have a characteristic reddening of the cheeks 
(malar fl ush). The cardiovascular fi nding depend on the severity of the stenosis and 
whether CHF, pulmonary hypertension and/or primary or secondary tricuspid valve 
disease is present. The left ventricular apical impulse is usually normal to reduced 
and may be displaced laterally if RV enlargement is present. The fi rst heart sound is 
often increased in intensity. An increased pulmonic component of S2 can indicate 
pulmonary hypertension, as can a RV heave or pulmonary diastolic murmur. 
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An  apical holosystolic mumur suggests the presence of MR. In patients with a pli-
able valve, an opening snap (OS) can be heard 60–120 ms after S2. The shorter the 
S2-OS interval is, the higher the left atrial pressure. An apical diastolic rumble fol-
lowing OS and with pre-systolic accentuation is characteristic of MS. It is best heard 
with the patient in the left lateral decubitus position. The presence of a left or right 
parasternal systolic or diastolic murmur that increases with inspiration suggests tri-
cuspid regurgitation or stenosis, respective. CHF is manifested by jugular venous 
distention. An absent “a” wave suggests atrial fi brillation while a “c-v” wave is 
consistent with tricuspid regurgitation. Systemic venous hypertension is often mani-
fest by hepatomegaly, ascites, and edema. Wheezing may be an early fi nding of 
pulmonary venous hypertension, while rales are often present in pulmonary edema.  

   Diagnostic Evaluation 

   Doppler-Echocardiography 

 Transthoracic Doppler-echocardiography (TTE) is the primary imaging modality to 
diagnose MS, quantify its severity and assess the mitral valve and apparatus mor-
phology, determine its effect on the other cardiac valves, the morphology and per-
formance of the cardiac chambers, determine prognosis, and plan for surgical or 
catheter-based intervention. Commissural fusion is characteristic of rheumatic 
mitral valve disease. The leafl ets, especially the anterior one may remain pliable 
resulting in the characteristic diastolic hockey stick appearance in the 2-D paraster-
nal long axis view. As the disease progresses fi brosis and calcifi cation results in 
decreased mobility Thickening and calcifi cation extends proximally, in contrast to 
degenerative disease where the process extend from the annulus to the tips. The 
orifi ce is reduced and has a characteristic fi sh mouth appearance in the parasternal 
short axis view [ 2 ]. Thickening and retraction of the chordae tendineae also affect 
the mobility and the overall degree of stenosis. 

 Stenosis severity is quantifi ed by determination of the mean gradient (ΔP) across 
the valve and apparatus calculated by the modifi ed Bernoulli equation (ΔP = 4v 2 ) 
and the orifi ce area (Table  9.1 ) [ 15 ]. The latter can be determined by planimetry 
performed at the tips of the leafl ets in the parasternal short axis view imaged by both 
2-D and 3-D echocardiography [ 2 ]. Other techniques for quantifi cation of the effec-
tive orifi ce area include the pressure half time PHT (MVA = 220/PHT) and the con-
tinuity equation. It is important to recognize that in patients with aortic regurgitation, 
atrial fi brillation, abnormal left atrial compliance due to left atrial dilatation, abnor-
mal left ventricular compliance, and immediately after balloon valvuloplasty, mitral 
valve area assessment by PHT has inherent limitations [ 2 ]. As mitral regurgitation 
frequently accompanies stenosis, determination of its severity is an essential part of 
the Doppler-echocardiographic examination. In addition to assessment of the valve 
itself, the rest of the mitral apparatus, the atria and ventricles, the other valves, espe-
cially the aortic and tricuspid valves, need evaluation. 
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 Trans-esophageal echocardiography (TEE) is employed when TTE imaging is inad-
equate for diagnosis, to better visualize the mitral apparatus, to diagnose infectious 
complications, determine the if an intracardiac source of systemic embolus is present 
e.g. a left atrium or left atrial appendage thrombus. It is also used prior to cardioversion 
for atrial arrhythmias and as part of the pre- operative and intra-operative assessment 
of mitral repair surgery or catheter-based intervention. In particular, the Wilkins score 
derived from a TEE examination of the mitral valve apparatus can be used to predict 
suitability for mitral balloon valvuloplasty (Table  9.2 ) [ 8 ,  16 ].

   Cardiac magnetic resonance imaging (MRI) is an additional imaging modality 
which demonstrates thickening of the leafl ets and reduced opening of the mitral 
valve in diastole in patients with mitral stenosis; and the maximal extent of leafl et 
opening correlates well with the severity of stenosis [ 2 ].  

   Electrocardiography 

 The electrocardiogram in patients with MS, although often nonspecifi c in patients with 
mild disease, shows characteristic changes in patients with moderate to severe stenosis. 
The most common fi ndings include left atrial enlargement, atrial fi brillation often with 
coarse fi brillatory waves. Criteria for right ventricular hypertrophy, e.g. right axis devi-
ation, increased R-wave voltage in the V1-3 and associated ST-T wave abnormalities, 
may be observed in patients with pulmonary hypertension. The presence of left ven-
tricular hypertrophy/enlargement suggests associated MR or aortic valve disease.  

    Table 9.2    Determinants of the echocardiographic mitral valve score   

 Grade  Mobility 
 Subvalvular 
thickening  Thickening  Calcifi cation 

 1  Highly mobile 
valve with only 
leafl et tips 
restricted 

 Minimal thickening 
just below the 
mitral leafl ets 

 Leafl ets near normal 
in thickness 
(4–5 mm) 

 A single area of 
increased echo 
brightness 

 2  Leafl et mid and 
base portions 
have normal 
mobility 

 Thickening of chordal 
structures 
extending up to 
one third of the 
chordal length 

 Midleafl ets normal, 
considerable 
thickening of 
margins 
(5–8 mm) 

 Scattered areas of 
brightness 
confi ned to 
leafl et margins 

 3  Valve continues to 
move forward 
in diastole, 
mainly from 
the base 

 Thickening extending 
to the distal third 
of the chords 

 Thickening 
extending 
through the entire 
leafl et (5–8 mm) 

 Brightness 
extending into 
the midportion 
of the leafl ets 

 4  No or minimal 
forward 
movement of 
the leafl ets in 
diastole 

 Extensive thickening 
and shortening of 
all chorda 
structures 
extending down to 
the papillary 
muscles 

 Considerable 
thickening of all 
leafl et tissue 
(greater than 
8–10 mm) 

 Extensive brightness 
throughout much 
of the leafl et 
tissue 

  Reprinted with permission from Bonow et al. [ 8 ]  
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   Chest Radiography 

 Early in the course of disease, the cardiac silhouette may be relatively normal, how-
ever, straightening of the left heart border due to left atrial appendage enlargement 
and splaying and posterior displacement of the left main bronchus may be observed. 
Mitral valve calcifi cation can sometimes be observed on a plain chest X-ray, and is 
an indicator of advanced disease and occurs most often in older people. Calcifi cation 
of the mitral annulus may be visible in older patients with either rheumatic or non- 
rheumatic degenerative valve disease. Elevation of the pulmonary venous pressure 
can be manifest by prominence of the upper lobe pulmonary veins progressing to 
interstitial and alveolar infi ltrates. Pulmonary hypertension is manifest by enlarge-
ment of the main pulmonary artery and right ventricle, while right atrial enlarge-
ment suggests the presence of tricuspid regurgitation and right heart failure. LV 
enlargement suggests associated mitral regurgitation.  

   Cardiac Catheterization 

 Cardiac catheterization is required in mitral stenosis patients in order to accurately 
measure hemodynamics, to assess the presence of concomitant aortic and tricuspid 
valve and aortic disease, to quantify associated MR and LV size and systolic perfor-
mance, and to exclude co-existent coronary artery disease. The latter is especially 
important in patients with ischemic symptoms, pre-existent disease, multiple CAD 
risk factors, and those generally ≥40 years of age. 

 Characteristic hemodynamic abnormalities include an elevated left atrial pres-
sure or pulmonary capillary wedge pressure (PCWP) with a diastolic pressure dif-
ference between the left atrium and ventricle. A prominent “a”-wave is often 
observed in patients in sinus rhythm. Cardiac output should be measured simultane-
ously with the recording of the pressure difference. The Gorlin formula is used to 
calculate the mitral valve effective orifi ce area (EOA) [ 17 ]. Both the gradient across 
the mitral valve orifi ce as well as the mitral valve orifi ce area are calculated at the 
time of catheterization. A mean gradient >10 mmHg and a mitral valve area of 
<1.0 cm 2  defi nes severe MS, while moderate MS is defi ned as a gradient of 
5–10 mmHg or an EOA of 1.0–1.5 cm 2  and mild stenosis patients generally have a 
gradient of <5 mmHg and EOA >1.5 cm 2  (Table  9.1 ) [ 8 ,  10 ]. 

 It is important to recognize some common pitfalls during invasive hemodynamic 
assessment of mitral valve stenosis. It is important to record an accurate PCWP trac-
ing when it is used as a surrogate for left atrial pressure. The diastolic fi lling time 
affects the transvalvular gradient. Irregularity in the diastolic fi lling time occurs in 
atrial fi brillation; ten consecutives beats should be averaged to avoid errors when 
using the Gorlin formula [ 17 ]. Finally it is important to recognize coexistent mitral 
regurgitation as it will lead to overestimation of the true severity of mitral valve 
stenosis. 

 Right ventricular, pulmonary artery pressures, and total pulmonary artery and 
pulmonary vascular resistance may be normal in mild mitral stenosis, but pulmo-
nary arterial pressures and resistances increase with progression of the disease. 
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 There is often a discrepancy between hemodynamic measurements and reported 
symptoms. Noninvasive exercise stress can help resolve this problem. A signifi cant 
increase in the gradient across the mitral valve (>15 mmHg) associated with an 
increase in the pulmonary artery systolic pressure to >60 mmHg during exercise 
supports the presence of signifi cant disease and are both indications to consider 
mitral balloon valvuloplasty [ 8 ,  10 ]. In patients with severe mitral stenosis, pulmo-
nary artery pressures are elevated even at rest. However, this is often a reversible 
process with eventual decrease in the pulmonary artery pressures after valve 
replacement or balloon valvotomy.   

   Clinical Course 

 Patients with rheumatic mitral valve disease may be asymptomatic for many years. 
However, progressive dyspnea on exertion resulting in reduced exercise capacity is 
the usual presenting report. A careful history must be obtained with respect to per-
formance of activities of daily living to uncover symptomatic progression. Frequent 
episodes of bronchitis or pneumonia may suggest mitral valve disease before symp-
toms and signs of overt CHF occur. Acute pulmonary edema may be the fi rst mani-
festation of mitral stenosis. It may be precipitated by the onset of an atrial 
tachyarrhythmia, often atrial fi brillation, acute infection, or the hemodynamic stress 
of pregnancy and delivery [ 18 ]. Acute pulmonary edema occurring during labor and 
delivery can be the fi rst clinical manifestation mitral stenosis. Rarely, mitral stenosis 
may present with a systemic embolus resulting in a CVA or TIA. Acute hemoptysis 
can be observed in pneumonia, a pulmonary embolus or due to rupture of bronchial-
pulmonary artery collaterals.  

   Treatment of Mitral Valve Disease 

 Valvular heart disease management is similar in women and men, however specifi c 
gender related differences related to disease prevalence, body size, age at presenta-
tion, differences in left ventricular response to overload states need additional con-
sideration in the management of women with valvular heart disease [ 18 ]. 

 Medical treatment of patient with moderate-severe mitral regurgitation relies on 
improving the hemodynamic milieu to reduce the severity of MR. Patients with left 
ventricular enlargement and coaptation failure often respond to reduction in pre- 
and after-load by the use of vasodilators, e.g. ACE-Is or ARBs, and judicious use of 
diuretics. Systolic blood pressure should be reduced to therapeutically recom-
mended levels. Patients with severely reduced LV systolic performance should be 
treated as a dilated cardiomyopathy. MVP patient with preserved LV systolic per-
formance may benefi t from beta-blocker therapy. Patients with atrial fi brillation, 
who are not candidates for cardioversion or pulmonary vein isolation, require rate 
control and anticoagulation with warfarin. Currently, prothrombin and Factor Xa 
inhibitors are not approved for use in valve disease patients. Mitral stenosis patients 
should be anticoagulated with warfarin even if they are in sinus rhythm, as they 
often experience short burst of atrial fi brillation. 
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 The current guidelines for operative intervention for severe MR are  presented in 
Fig.  9.2 . Surgical intervention should be considered in patients with severe mitral 
regurgitation who become symptomatic with functional decline and an enlarging LV 
associated with a drop in LVEF. However, because even a modest decline in LVEF 

Chronic Severe Mitral Regurgitation

Clinical evaluation + Echo
Reevaluation

Symptoms?

No

LV function? LV function?

Yes

Normal LV function
EF > 0.60

ESD < 40 mm

LV dysfunction
EF ≤ 0.60

and/or
ESD ≥ 40 mm

EF > 0.30
ESO ≤ 55 mm

EF < 0.30 and/or
ESD > 55mm

Class I Class I

Class IIaClass IIa

Class IIa

New onset AF?
Pulmonary HT?

Chordal preservation
likely?

Medical therapyMV repair
likely?*

MV repair

MV repair
If not possible,

MVR

Clinical eval
every
6 mo

Echo every
6 mo

Yes

Yes*

No

Yes

No

No

  Fig. 9.2    Management strategy for patients with chronic severe mitral regurgitation. *Mitral valve 
( MV ) repair may be performed in asymptomatic patients with normal left ventricular ( LV ) function 
if performed by an experienced surgical team and if the likelihood of successful MV repair is 
greater than 90 %.  AF  atrial fi brillation,  echo  echocardiography,  EF  ejection fraction,  ESD  end-
systolic dimension,  eval  evaluation,  HT  hypertension, and  MVR  mitral valve replacement 
(Reprinted with permission from Bonow et al. [ 8 ])       
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below 60 % results in increased long-term morbidity and mortality early surgery is 
now recommended even before  signifi cant symptoms have developed [ 19 ]. Also, 
operative repair should be considered in those with progressive atrial enlargement 
before atrial fi brillation develops. Mitral valve repair is the procedure of choice for 
suitable candidates when the operation can be performed by an experienced expert 
surgical team. The high rate of procedural success combined with very low periop-
erative complications related to primary mitral valve repair has encouraged earlier 
operation. A bioprosthetic valve is recommended for those patients who are not 
candidates for valve repair and are not at high risk for prosthetic valve structural 
deterioration. Mechanical prostheses are generally reserved for patient at high risk 
for early bioprosthetic valve structural deterioration and those who would require 
anticoagulation for atrial fi brillation or other reasons. Patients with ischemic MR 
should undergo coronary revascularization if myocardial viability is demonstrated.

   In patients with organic mitral regurgitation mitral valve replacement is usually the 
procedure of choice. In contrast, there is signifi cant controversy in regards to the proce-
dure of choice in patients with mitral regurgitation secondary to ischemia. In a recent 
published study there was no signifi cant difference in operative or overall mortality 
between mitral valve repair as compared to valve replacement in patients with ischemic 
mitral regurgitation [ 20 ]. In patients with coexistent coronary artery disease, mitral 
valve repair has been reported by a separate group to be superior to valve replacement 
with signifi cantly decreased peri-operative morbidity and in- hospital mortality [ 21 ]. 

 Percutaneous mitral valve repair with placement of a mitral clip device to 
approximate the edges of the mitral valve at the site of the regurgitant jet has been 
recently reported to be safe and effi cacious in a randomized trial [ 22 ]. Percutaneous 

  Fig. 9.3    ( a ): Management strategy for patients with mitral stenosis. †There is controversy as to 
whether patients with severe mitral stenosis (MVA less than 1.0 cm 2 ) and severe pulmonary hyper-
tension (pulmonary artery pressure greater than 60 mmHg) should undergo percutaneous mitral 
balloon valvotomy ( PMBV ) or mitral valve replacement to prevent right ventricular failure. 
‡Assuming no other cause for pulmonary hypertension is present.  AF  atrial fi brillation,  CXR  chest 
X-ray,  ECG  electrocardiogram,  echo  echocardiography,  LA  left atrial,  MR  mitral regurgitation, and 
 2D  2-dimensional8. ( b ): Management strategy for patients with mitral stenosis and mild symp-
toms. *The committee recognizes that there may be variability in the measurement of mitral valve 
area ( MVA ) and that the mean transmitral gradient, pulmonary artery wedge pressure ( PAWP ), and 
pulmonary artery systolic pressure ( PP ) should also be taken into consideration. †There is contro-
versy as to whether patients with severe mitral stenosis (MVA less than 1.0 cm 2 ) and severe pulmo-
nary hypertension ( PH  PP greater than 60–80 mmHg) should undergo percutaneous mitral balloon 
valvotomy ( PMBV ) or mitral valve replacement to prevent right ventricular failure.  CXR  chest 
X-ray,  ECG  electrocardiogram,  echo  echocardiography,  LA  left atrial,  MR  mitral regurgitation, 
 MVG  mean mitral valve pressure gradient,  NYHA  New York Heart Association,  PAP  pulmonary 
artery pressure, and  2D  2-dimensional8. ( c ): Management strategy for patients with mitral stenosis 
and moderate to severe symptoms *The writing committee recognizes that there may be variability 
in the measurement of mitral valve area ( MVA ) and that the mean transmitral gradient, pulmonary 
artery wedge pressure ( PAWP ), and pulmonary artery systolic pressure ( PP ) should also be taken 
into consideration. †It is controversial as to which patients with less favorable valve morphology 
should undergo percutaneous mitral balloon valvotomy ( PMBV ) rather than mitral valve surgery 
(see text).  CXR  chest X-ray,  ECG  electrocardiography,  echo  echocardiography,  LA  left atrial,  MR  
mitral regurgitation,  MVG  mean mitral valve pressure gradient,  MVR  mitral valve replacement, 
 NYHA  New York Heart Association, and  2D  2-dimensional (Reprinted with permission from 
Bonow et al. [ 8 ])       
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repair was however found to be less effective at reducing the degree of mitral regur-
gitation compared to conventional mitral valve repair or replacement. 

 Patients with rheumatic mitral stenosis can be treated with percutaneous balloon 
valvuloplasty, surgical mitral commisurotomy or mitral valve replacement based on 
the anatomy and functional status of the valve. Women with symptomatic mitral 
stenosis of at least moderate severity or new onset atrial fi brillation, as well as those 
patients which are asymptomatic with moderate mitral stenosis and associated pul-
monary hypertension or increased transmitral valvular gradient during exercise and 
suitable valve anatomy, are recommended to undergo percutaneous mitral balloon 
valvuloplasty mitral valvulopastly is recommended (Fig.  9.3a–c ) [ 5 ,  8 ,  10 ].

   Percutaneous valvulopasty of the mitral valve is accomplished with a single bal-
loon technique which leads to similar results to a double balloon technique with 
fewer complications [ 23 ]. Echocardiography plays a major rule in evaluation of the 
mitral valve morphology and suitability for mitral balloon valvuloplasty. The 
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Wilkins score (Table  9.2 ) is a scoring system in which different parts of the mitral 
valve apparatus are scored depending on mobility, calcifi cation, valve thickening 
and leafl et thickening with a score less than 9 and less than moderate mitral regur-
gitation representing a valve favorable for balloon valvotomy [ 5 ,  8 ]. Those patients 
with mitral valve morphology not favorable for balloon valvotomy can often 
undergo an open mitral valve comissurotomy or alternatively mitral valve replace-
ment may be needed [ 5 ]. If mechanical valve replacement is needed, the choice of 
valve prosthesis usually depends on the patient’s age, contraindications to chronic 
anticoagulation as well as patient and surgeon’s preference. Patients with coexisting 
rheumatic aortic valve disease and severe valve stenosis or regurgitation can be 
treated with aortic valve replacement.    

   Aortic Valve Disease 

 The normal aortic valve consists of three relatively equal semilunar leafl ets attached 
to a fi brous annulus. The right and left coronary arteries arise from the sinuses of 
Valsalva above the right and left coronary cusps, respectively. The base of the non- 
coronary cusp is contiguous with the anterior mitral leafl et. Histologically, the leaf-
lets are covered with endothelium and are composed of three distinct layers: the 
fi brosa composed of circumferentially oriented collagen, the spongiosa that is rich 
in extracellular matrix (ECM) and valve interstitial cells (myofi broblasts), and the 
ventricularis comprised of elastic fi bers in addition to collagen. The ECM contains 
proteoglycans and glycosaminoglycans (GAGs). 

   Aortic Stenosis 

 Aortic stenosis (AS) is the most common valvular pathology leading to obstruction of 
left ventricular outfl ow in women. The etiologies of AS are depicted in the Table  9.3 .

   The etiology depends on patient age. A congenital unicupsid or bicuspid valve is 
most frequent in the pediatric and young adult age groups. A bicuspid valve is the 
most common congenital malformation in the adult population and accounts for 
27 % of AS cases in >70 year old patients. It is encountered in 0.5–2.0 % of people, 
and while more common in males, it is the most common congenital valve pathol-
ogy in women [ 4 ]. The majority of patients have fusion of the right and left coronary 

  Table 9.3    Etiologies of 
aortic stenosis [ 24 ]  

 Congenital  Acquired 

 Unicuspid valve  Calcifi c 
 Bicuspid valve   Trileafl et valve degeneration 
 Quadricuspid valve  Post-infl ammatory 

  Rheumatic 
  Rheumatoid nodular 
  Ochronosis 
  Systemic lupus erythematosus 
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cusps. Increased leafl et stress due to abnormal blood fl ow induces calcifi cation gen-
erally after the age of 40. Bicuspid aortic disease is associated with dilation of the 
ascending thoracic aorta, coarctation of the aorta, increased risk of aortic dissection, 
and presence of mitral valve prolapse. 

 Rheumatic heart disease occurs most frequently in patients between 30 and 60 
years of age, but is much less prevalent in the United States and the developing 
world. As with mitral valve disease with which it is always associated, rheumatic 
involvement of the aortic valve leads to commissural fusion. A central orifi ce results 
with variable degrees of stenosis and regurgitation. 

 Senile calcifi c degeneration of a trileafl et aortic is the most frequent cause of AS 
in the elderly, accounting for 48 % of cases in patients >70 years of age and is also 
the most common cause of AS in older women [ 24 ]. Degeneration results in leafl et 
thickening, stiffening and calcifi cation, but without commissural fusion. The patho-
genesis of calcifi c aortic valve disease involves proliferative and infl ammatory 
changes, lipid accumulation, increased angiotensin converting enzyme activity, 
increased oxidative stress, infi ltration of infl ammatory cells and formation of bone 
[ 4 ,  25 ]. Calcifi c aortic valve disease shares a number of similarities with the patho-
genesis of atherosclerosis. The two processes also share similar risk factors. Both the 
aortic valve and annulus can be calcifi ed, and calcifi c aortic valve disease can be one 
component of calcifi cation of the mitral annulus, papillary muscles, and the aortic 
root, especially the sino-tubular junction. The commissures are not generally fused, 
differentiating from rheumatic and other infl ammatory etiologies of aortic valve dis-
ease. The severity of leafl et thickening and calcifi cation ranges progresses from mild 
(termed aortic sclerosis) to severe with increasing age of the orifi ce [ 14 ,  25 ]. 

 Age-related changes in the aorta can amplify the LV-aortic impedance mismatch 
that characterizes aortic valve stenosis. Loss of aortic compliance induced systolic 
hypertension that acts as a secondary obstruction to LV emptying, and can affect 
measurements of valve stenosis [ 26 ]. Aortic calcifi cation that can occur with 
advanced age can impact therapeutic options. 

   Physical Examination 

 A crescendo-decrescendo systolic ejection murmur systolic ejection murmur heard 
on routine physical examination is often the fi rst sign of AS. In many patients, the 
murmur is loudest in the right second intercostal space. However, calcifi c degenera-
tive disease may present with an atypically located murmur, e.g. along the left ster-
nal border. The murmur typically radiates to the carotid arteries, left sternal border, 
and apex where it may be perceived as more holosystolic. An associated thrill and/
or late peaking of the murmur indicate severe obstruction. Patients may also have a 
diastolic murmur indicating aortic valve insuffi ciency. Other fi ndings include a left 
ventricular heave, a palpable or audible fourth heart sound, and diminution of the 
aortic component of the second heart sound [ 14 ]. An ejection click can be perceived 
in patients with pliable cusps. The presence of a third heart sound suggests predomi-
nant aortic regurgitation or LV enlargement with reduced LVEF. The carotid arterial 
pulse is characteristically slowly rising and sustained (pulsus tardus et parvus); an 
anacrotic notch may be felt. The association of a typical AS murmur with a rapidly 
rising carotid pulse suggests with aortic regurgitation or subaortic obstruction, etc.  
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   Diagnostic Evaluation 

   Doppler Echocardiography 

 Doppler-echocardiography (2-D and 3-D) is the standard non-invasive technique for 
diagnosis, to assess disease progression, and to help tailor therapy. Calcifi cation of 
the aortic valve associated with reduced cusp motion is the hallmark of the disease. 
Stenosis severity can be can be assessed by measurement of the transvalvular peak 
velocity, peak and mean gradients, hemodynamic effective orifi ce area, and ana-
tomic area by TEE. The criteria for AS severity are delineated in Table  9.1  [ 8 ,  10 , 
 15 ]. In addition, the effect of aortic stenosis on LA and LV remodeling, hypertro-
phy, and systolic and diastolic performance can be assessed. Figure  9.4a  depicts 
calcifi cation aortic valve and proximal aortic root with extension of calcium into 
proximal interventricular septum (IVS). Note the impingement of the hypertrophied 
IVS into the LVOT (arrow). Figure  9.4b  is a short-axis view on the aortic valve from 
the same patient. The leafl ets are heavily calcifi ed and the narrowed orifi ce is identi-
fi ed by the arrow.

   Gender, age, and concomitant diseases all play a role in LV remodeling in AS. 
Women tend to have higher LV mass/volume ratios, increased relative wall 

a

b

  Fig. 9.4    ( a ) 2-D 
Echocardiogram parasternal 
long axis view of the left 
ventricle revealing 
calcifi cation of aortic valve 
leafl ets with decreased leafl et 
opening and impingement of 
IVS into the LVOT ( white 
arrow ). ( b ) 2-D 
Echocardiogram parasternal 
short axis view at the level of 
the aortic valve revealing 
calcifi cation of aortic valve 
leafl ets with decreased leafl et 
opening ( black arrow )       
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thickness and LVEF [ 12 ,  27 ]. Extreme hypertrophy is more common in elderly 
women [ 28 ]. A sigmoid shape interventricular septum impinging into the LVOT 
could induce a LVOT gradient and also cause the LVOT to be more ovoid and thus 
cause overestimation of the severity of obstruction (Fig.  9.4a ). These patients at risk 
to develop low-fl ow low-gradient (LFLG) severe AS which carries a very poor 
prognosis [ 29 ,  30 ]. In addition, associated diabetes mellitus, hypertension, coronary 
artery disease, and primary myocardial disease can impact LV remodeling and 
performance. 

 Determination of the aortic area is important as the ratio of the AV orifi ce area to 
aortic area can defi ne the need to correct the gradients for pressure recovery, as 
many women have small aortic roots. Also, assessment of the severity of sino-tubu-
lar junction calcifi cation can affect clinical decision making regarding the feasibil-
ity and/or approach to valve replacement/ transcatheter aortic valve replacement 
(TAVR). 

 TEE is particularly useful to diagnose congenital AV abnormalities. Because of 
its superior resolution, accurate planimetry of the aortic valve orifi ce is frequently 
possible. Also, assessment of the LVOT and aortic annulus geometries are essential 
to accurately determine prosthesis size. While TEE can visualize the aortic root, 
often MRI is required to exclude egg-shell calcifi cation that can complicate valve 
interventions. 

 Dobutamine stress echocardiography (DSE) is effi cacious to separate patients 
with low-fl ow low-gradient (LFLG) but truly severe AS from those with either 
moderate obstruction or very severe LV dysfunction. A dobutamine-induced 
increase in the AV-gradient without an increase in valve orifi ce area to 1.0 cm 2  sug-
gests true AS. In contrast, an increase in valve area to >1.0 cm 2  with slight to no 
increase in gradient suggests moderate obstruction. Failure of both the gradient and 
valve area to change with dobutamine suggests severely depressed LV systolic per-
formance. Recently, Clavel et al. reported that ESE in asymptomatic patients or 
DSE in symptomatic ones could distinguish severe AS from moderate disease in 
patients with LFLG AS with normal EF [ 31 ]. Exercise stress testing can be judi-
ciously used in selected patients to defi ne exercise capacity or clarify symptomatic 
status with a low risk of complications. 

 High-resolution CAT scans and MRI have signifi cant roles in the assessment of 
aortic valve disease. Measurement of the LVOT and aortic annulus geometry, quan-
tifying the AV calcium burden, precise visualization of the valve leafl ets and aorta, 
and quantifi cation LV volumes, performance and mass are a few areas where these 
technologies may have an important role. Imaging of the aorta is should be per-
formed in elderly people as part of the pre-operative evaluation for those being 
considered for surgical or percutaneous valve replacement.  

   Electrocardiography 

 The characteristic fi ndings include left atrial enlargement and voltage criteria for 
LA hypertrophy with repolarization abnormalities. Extension of calcium into the 
interventricular septum can result in a LBBB or complete heart block. Atrial 
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fi brillation can be seen, and its acute onset often is manifest by acute clinical dete-
rioration. Ventricular tachyarrhythmias can presage sudden death.  

   Chest Radiography 

 Calcifi cation of the aortic valve and aortic root may be seen in chest radiography. 
Other fi ndings include post-stenotic dilation of the ascending aorta, and the LVH. 
However, the chest X-ray may be unrevealing.  

   Cardiac Catheterization 

 Cardiac catheterization is often required before surgical or catheter-based interven-
tion. Measurement of the effective orifi ce area requires careful recording of both the 
LV and aortic pressures. Ideally, the latter should be recorded approximately 5 cm 
above the valve to account for pressure recovery. Cardiac output must be obtained 
and the Gorlin equation can be used to calculate the effective orifi ce area. 
Discrepancies often occur between catheter and Doppler-echocardiographic calcu-
lation of the orifi ce area. These discrepancies can be due to a number of factors, 
however, failure to account for pressure recovery and the LVOT pressure are most 
frequent. Spevack et al. was able to reconcile much of the discrepancy by correcting 
the Doppler area for the aortic root area [ 32 ]. A complete right heart catheterization 
should be performed, while performance of LV, aortic, and coronary angiography 
will depend on the clinical presentation of the patient.   

   Clinical Course 

 Valvular aortic stenosis patients generally experience a long asymptomatic period. 
During this time the disease progresses at a variable rate. Serial Doppler- 
echocardiograms can be used to quantify the progression of valve dysfunction 
[ 8 ,  25 ]. While the average rate of decrease in valve area, increase in mean gradient, 
and maximum velocity (V max ) is 0.1–0.2 cm 2 /year, 7–8 mmHg/year, and 0.2–0.3 m/s/
year; there is a wide range in progression [ 33 ]. Patients at risk for rapid progression 
include those with a V max  >3 m/s, more than mild valve calcifi cation, or multiple 
CAD risk factors. Asymptomatic patients with severe AS have an excellent survival 
with low risk of sudden death [ 34 ]. 

 Eventually, with increasing stenosis severity patients develop symptoms of 
angina (35 %), dizziness or syncope (15 %), or dyspnea and heart failure (50 %) 
[ 25 ]. In addition, onset of atrial and ventricular tachyarrhythmias and sudden 
death increase in frequency in symptomatic patients with severe AS. It is also 
important to recognize that none of these symptoms are specifi c for AS, but once 
one or more develop, patient survival is reduced, ranging from an average of 
5 years for angina, 3 years for syncope to less than 2 years for CHF. The V max  can 
predict the time to onset of symptoms. It ranges from 8 %/year if V max  <3.0 m/s, 
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17 %/year if V max  of 3.0–4.0 m/s, and 40 %/year once V max  >4.0 m/s [ 35 ]. The 
presence of moderate- severe AV calcifi cation, advanced age, CAD and signifi cant 
associated aortic or mitral regurgitation can accelerate symptom onset in those 
with mild-moderate AS [ 34 ].   

   Aortic Regurgitation 

 Aortic regurgitation affects both genders with equal frequency. However, there are 
important gender-related differences in etiology, pathophysiology and management, 
including the timing of surgery, between the sexes. We will start with a brief over-
view of aortic regurgitation, followed by special considerations in women. 

   Pathophysiology and Etiologies 

 Aortic valve competence requires normal aortic valve anatomy and that of the sur-
rounding structures, especially the membranous interventricular septum, sinuses of 
Valsalva, and proximal aortic root. Aortic regurgitation (AR), diastolic backfl ow of 
blood into the LV, occurs when there is malcoaptation due to remodeling of sur-
rounding structures, loss of leafl et support, or congenital abnormalities or patho-
logic distortion, disruption, or destruction of one or more leafl ets [ 8 ]. 

 The etiologies for AR are numerous [ 2 ] as listed in Table  9.4 . These include 
congenital and acquired cardiovascular disease. The latter include degenerative, 
infectious, infl ammatory, heritable and acquired connective tissue disease, the 
effects of neoplasm, and trauma.

      Physical Examination 

 Patients with mild AR often have no audible murmur; the leak is detected by Doppler-
echocardiography. As AR becomes more severe, the patient evinces more of the fi nding 
associated with a valve disease and its effects on the cardiovascular system. The mur-
mur of AR is a diastolic high-pitched, decrescendo murmur begins in close proximity 
to S2 and extends a variable distance into diastole. It is most often loudest in the left 
third intercostal space and radiates to toward the apex. The duration of the murmur 
increases with increasing severity in chronic AR, but the reverse is true in acute AR. 
Patients with AR due to a dilated aortic root may demonstrate a right parasternal mur-
mur. In patient with moderate or severe MR, An aortic systolic ejection murmur may 
also be present. An apical diastolic rumble (Austin Flint murmur) is sometimes heard 
in severe AR Other physical fi ndings in those with moderate-severe disease include: 
An LV heave, an election click in those with pliable leafl ets, a resonant S2 in hyper-
tensive patients, an S3 in those with LV dilatation or reduced LVEF. The carotid and 
peripheral artery pulsations characteristically demonstrate a hyperdynamic circulation 
with rapid upstrokes (Corrigan’s pulse) and descents and a bisferiens systolic wave. The 
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hyperdynamic circulation may also be evidenced by head bobbing (de Musset sign); 
femoral artery pulses can have “pistol shot” pulses (Traube Sign) and compression-
induced bruits (Duroziez sign). Quincke’s sign (capillary pulsations in the fi ngertips via 
trans illumination, or gentle pressure on the fi ngernail) may also be elicited in severe 
AR [ 4 ] Patients with progressive disease may also present with heart failure symptoms.  

   Diagnostic Evaluation 

   Doppler-Echocardiography 

 Transthoracic Doppler-echocardiography (TTE) is the primary diagnostic modality 
to image the AR jet, assess the leafl et anatomy, mobility, and pathology; aortic 
dimensions; LV dimensions, wall thicknesses, and systolic and diastolic perfor-
mance; and other associated valvular abnormalities; all are required to grade AR 
severity and for surgical planning [ 36 ,  37 ]. In particular, an increased LV 

   Table 9.4    Etiologies of aortic regurgitation [ 2 ]   

 Primarily Involves the 
Valve Leafl ets 

 Primarily Involves the 
Aortic Root 

 Involves Both the Valve 
Leafl ets and Aortic Root: 

 Involves Both 
Subvavular 
Structures and 
Valve Leafl ets 

 1. Physiologic 
regurgitation 

 1. Idiopathic aortic 
root dilation 

 1. Congenital bicuspid 
valve 

 1. Ventricular septal 
defect 

 2. Calcifi c degenerative 
aortic valve 
disease 

 2. Annuloaortic 
ectasia 

 2. Marfan’s syndrome  2. Discrete 
membranous 
subaortic 
stenosis 

 3. Congenital leafl et 
abnormalities. 

 3. Cystic medial 
necrosis ± aortic 
dissection 

 3. Ankylosing 
spondylitis 

 4. Rheumatic valve 
disease 

 4. Systemic arterial 
hypertension 

 4. Trauma (either directy 
from valvotomy or 
valvuloplasty, or 
indirect from chest 
trauma) 

 5. Connective tissue 
diseases 

 5. Heritable connec-
tive tissue diseases 

  (a) heumatoid 
arthritis 

  (a) Ehler-Danlos 
syndrome 

  (b) ystemic lupus 
erythematosis 

  (b) Pseudoxanthoma 
elasticum 

  (c) Osteogenesis 
imperfecta 

 6. Infective and 
marantic 
endocarditis 

 6. Infl ammatory bowel 
disease 

 7. Giant cell aortitis 
 7. Myxomatous 

degeneration 
 8. Syphilitic aortitis 
 9. Reiter syndrome 
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end- systolic volume has been shown to be a harbinger of worse outcomes [ 36 ,  37 ]. 
AR severity can be estimated by a number of methods (Table  9.1 ) All of these meth-
odologies and others that have been proposed have signifi cant sources of errors and 
limitations. It is best to use a number of them to quantify AR severity. Serial studies 
are performed to assess for progression of disease [ 4 ]. 

 Transesophageal Doppler-echocardiography (TEE), because of its superior reso-
lution, is indicated in order to obtain high-resolution images of the aortic valve, 
especially when the TTE images are inadequate or ambiguous, especially when a 
bicuspid valve is suspected. Systolic and diastolic orifi ce areas can be planimetered. 
TEE is required to image the aorta. Pre- and intra-operative TEE is required to opti-
mize surgical approach and detect surgical related complications. Three-D echocar-
diography is also being incorporated in the evaluation of aortic valve disease.  

   Electrocardiography 

 Patients with mild isolated AR may have a normal ECG. Typical ECG fi ndings usu-
ally manifest in chronic severe AR. These include evidence of LV enlargement due 
to volume overload, manifest as an increased QRS amplitude with ST-T wave 
abnormalities. As AR progresses, an interventricular conduction delay may be seen. 
Lengthening PR-interval an bundle branch block may be seen in exuberant annular 
calcifi cation that extends into the conduction system and in AR secondary an infl am-
matory process [ 4 ].  

   Chest Radiography 

 The chest x-ray may be unrevealing in cases of acute aortic regurgitation, since the 
heart will likely be of normal size. Increasing AR severity is suggested by enlarge-
ment of the cardiac silhouette, aorta, and to assess the presence of pulmonary vas-
cular congestion in patients reporting dyspnea.  

   Cardiac Catheterization 

 Invasive hemodynamic studies are indicated when non-invasive studies cannot be 
obtained, are ambiguous, or in the setting of complex valvular or congenital heart 
disease. AR severity quantifi ed by measurements of the regurgitant volume and 
fraction. In addition, aortic angiography can also be used to quantify the severity of 
AR and evaluate aortic anatomy.  

   Other Imaging Modalities 

 Both CT and MRI can be used to diagnose aortic dilatation and pathology. MRI can 
perform a number of quantitative measurements to determine the etiology of AR 

9 Valvular Heart Disease in Women



202

and quantify its severity Good correlations have been reported with 
Doppler-echocardiography.    

   Acute Aortic Regurgitation 

 Acute aortic regurgitation occurs in the setting of valve destruction or loss of normal 
geometry of support. Aortic dissection, infective endocarditis, and traumatic injury 
to the valve or proximal aorta are main causes. Acute severe regurgitation causes an 
acute volume overload that occurs before the LV can compensate by dilatation. As 
a result, the LV end- diastolic and left atrial pressures abruptly increase. The LV 
diastolic pressure may exceed the left atrial pressure leading to mitral valve closure. 
Partial closure results in functional mitral stenosis, the cause of the Austin Flint 
murmur [ 38 ]. Premature closure is diagnosed by closure of the mitral valve before 
the p-wave on echocardiography. Reduced forward cardiac output may be partially 
compensated by tachycardia. However, hypotension and signs of decreased perfu-
sion are the presenting features. Despite, severely elevated LV diastolic pressures, 
acute pulmonary edema may not occur in those with competent mitral valves. 
Development of MR often results in cardiogenic shock. It is also not uncommon for 
patients to also present with symptoms of ischemia. This occurs when LV end-dia-
stolic pressures approach aortic and coronary artery pressures, thus dropping the 
myocardial perfusion pressure in the subendocardium. Furthermore, an increased 
afterload from LV dilation and wall thinning will increase myocardial oxygen 
demand. Altogether, this combination of events can lead to signifi cant ischemia and 
all of its sequelae (including infarction, arrhythmia and sudden death). 

 Management of acute AR is aimed at the correction of its cause [ 39 ]. Urgent/
emergency surgery is required. Medical therapy to reduce support the blood pres-
sure, reduce LV end-diastolic pressure, and increase forward fl ow by infusion of 
nitroprusside, dopamine or dobutamine is only a temporizing measure. Beta- 
blockers should be used with caution, as they will blunt any compensatory tachycar-
dia. Intra-aortic balloon counterpulsation is contraindicated, as this will worsen the 
aortic regurgitation [ 8 ,  40 ].  

   Chronic Aortic Regurgitation 

 Patients with chronic aortic regurgitation may remain asymptomatic for years 
before presenting with clinical disease. Initially, exercise capacity is preserved, as 
the regurgitant volume is dependent on the length of diastole, which inversely cor-
relates with heart rate. Other compensatory processes aimed at accommodating the 
increased LV volume load on the heart include an increase in LV end-diastolic 
dimensions and compliance to compensate for the volume load and maintain near 
normal end-diastolic pressures. These changes also permit a larger stroke volume, 
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which also leads to a preserved ejection fraction. These changes, however, are not 
without their consequences. The chronically increased regurgitant volume leads to 
increased LV afterload, which results in LV hypertrophy, dilation and spherical 
remodeling until the LV can no longer maintain cardiac output and begins to fail. At 
this point, patients begin to develop exertional dyspnea, and even angina (using the 
same principles of ischemia described in the previous section). These two symp-
toms are harbingers of poor outcomes, and are indicators that surgery should be 
strongly considered. For this reason, taking a thorough history and physical exami-
nation is of utmost importance in defi ning risk of progression and optimal timing of 
surgery. As left ventricular geometry worsens, the potential benefi ts of surgery 
become lessened. Serial echocardiography is an important adjunct to clinical sur-
veillance in managing these patients [ 8 ,  40 ].   

   Considerations in Women 

 Unlike coronary artery disease, aortic valvular heart disease can affect patients of all 
ages. In younger women, the most common etiologies are Marfan syndrome, endo-
carditis, congenital leafl et anormalities, or associated connective tissue diseases. In 
older women, the same risk factors as men apply: degenerative calcifi c disease, 
hypertension, etc. Furthermore, women tend to develop symptoms before any struc-
tural derangements may be detected by echocardiography, and LV enlargement is 
essentially a late fi nding in severe AR [ 41 ]. It is therefore suggested that any LV 
chamber enlargement, increase in end-diastolic pressures or impaired function be 
given strong consideration for surgical evaluation. Over reliance on echocardio-
graphic parameters prior to surgical evaluation may unnecessarily delay AVR, 
which can result in worse outcomes [ 18 ]. Although the guidelines do not differenti-
ate approach to severe aortic regurgitation in men and women, a thorough, symp-
tom-guided evaluation needs to be undertaken in determining timing of surgery. 
Although this holds true in men as well, it is especially important in women, as 
delays in surgical referral may lead to poorer outcomes. 

   Treatment of Aortic Valve Disease 

 Women require special considerations in the surgical management of aortic valvular 
heart disease. They tend to have smaller LVOT dimensions, especially if basal IVS 
hypertrophy develops, aortic annuli and aortic roots compared to their male coun-
terparts. They also may experience incomplete LV remodeling after correction of 
the hemodynamic derangement. These fi ndings can impact the operative approach 
and the selection of valve prosthesis in order to avoid patient-prosthesis mismatch. 

 The echocardiographer plays an important role at the time of valve replacement 
providing guidance to the surgeon in order to avoid patient-prosthesis mismatch. As 
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such, it becomes important to ensure that the predicted functional orifi ce area of the 
prosthetic valve will be adequate, as a small effective orifi ce area when indexed to 
the patient’s body size, can lead to post-operative patient-prosthesis mismatch [ 18 ]. 

 The current treatment guidelines for the management of patients with severe 
aortic stenosis are listed in Fig.  9.5  [ 8 ,  10 ]. Aortic valve surgery is currently the only 
effective treatment to relieve severe AS. Most patients undergo surgical implanta-
tion of a prosthesis. The choice of valve prosthesis largely depends on age, contra-
indications to anticoagulation, effective orifi ce area, presence of associated aortic 
root pathology, e.g. calcifi cation if the sinuses of Valsalva or sino-tubular junction, 
and subaortic pathology, as well as patient and surgeon preference. Aortic valve 
replacement is in general a safe surgical procedure with a reported surgical mortal-
ity of <3 % [ 42 ]. Mortality data shows that at 10 years of follow up, up to 90 
%patients with mechanical aortic valve prosthesis are alive compared to 93 % of 
patients with porcine or pericardial xenografts [ 42 ].

   There currently is no effective medical therapy for calcifi c aortic valve disease. 
While retrospective studies has been reported that statin therapy can slow disease 
progression in patients with chronic calcifi c AS, prospective clinical trials have 
failed to demonstrate this benefi t [ 43 ,  44 ]. However, asymptomatic patients with 
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severe AS with preserved left ventricular systolic function (LVEF >50 %), and in 
whom rapid clinical progression is not expected (based on morphologic assess-
ment of the aortic valve, the absence of risk factors for rapid progression), a 
conservative approach with routine echocardiograms is appropriate and recom-
mended in the most recent treatment guidelines [ 8 ]. Asymptomatic patients with 
preserved LVEF and in whom rapid clinical progression is expected or in patients 
with depressed LVEF, aortic valve replacement is recommended [ 8 ]. Aortic valve 
replacement is essential in patients with severe AS once symptoms develop (class 
I indication and recommended as per the most recent ACC/AHA guidelines [ 8 ]). 
The most common symptoms are angina, dizziness or syncope or those sugges-
tive of CHF, e.g. dyspnea. The last can be due to left ventricular overload and 
elevated left ventricular pressures whether or not coexistent left ventricular dys-
function is present. 

 A proportion of patients will experience equivocal symptoms. Exercise or phar-
macologic stress testing aids in the objective assessment of symptoms and exercise 
performance. Patients with severe AS who experience exertional dyspnea, decreased 
exercise capacity, or a blunted or decreased systolic blood pressure response to 
exercise (<20 mmHg increase with exercise) should be referred for surgery [ 45 ]. 
Patients with moderate to severe AS in whom non-valve cardiac surgery, e.g. coro-
nary revascularization, is planned, aortic valve replacement at the time of surgery is 
recommended regardless of presence of symptoms [ 8 ]. Coronary angiography 
before the planned aortic valve replacement is indicated to determine whether the 
patient has undiagnosed obstructive coronary artery disease which needs to be cor-
rected at the time or the surgical procedure. Special consideration should be given 
to patients with mixed AS and AR in whom symptoms may be present even with 
moderate degree of aortic stenosis and therefore aortic valve replacement is recom-
mend with onset of symptoms or evidence of new left ventricular dysfunction even 
when the severity of mixed AS and AR is only moderate [ 45 ]. Patient with bicuspid 
aortic valve disease may be referred to surgery when there is evidence of severe AS 
and coexistent aortic dilatation when the diameter of the ascending aorta exceeds 
5.0 cm, irrespective of symptoms [ 8 ,  10 ] Patients with dilated aortic roots >5.5 cm 
may require root replacement or reconstruction. 

 Recently, a trans-catheter aortic valve replacement (TAVR) procedure has been 
FDA approved for the treatment of patients with severe AS who are not candidates 
for surgical valve replacement due to a high surgical risk [ 46 – 48 ]. TAVR has been 
demonstrated to reduce mortality, symptoms, and re-hospitalization in this patient 
population [ 46 ]. 

 Women with a small annulus size, are at risk for post-operative complications, 
including patient-prothesis mismatch after a standard aortic valve replacement. 
Patient-prosthesis mismatch which can result in progressive left ventricular dys-
function, increased incidence of congestive heart failure and increased risk of mor-
tality. TAVR has been proposed as an alternative to surgical AVR in these patients 
[ 49 ]. Women make up to half of patients currently eligible for TAVR, thus the rela-
tive importance of these considerations in women. In a small cohort of 35 women 
with severe aortic stenosis and small aortic annulus size (defi ned as less than 
20 mm), TAVR implantation was successful in the majority of patients. 
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Post- operative prosthesis mismatch occurred only in a minority of patients, and 
good post-procedure aortic valve gradient and effective orifi ce areas were main-
tained at 14 months of follow up [ 49 ]. A recently published study aimed to describe 
gender- related differences in patients with severe aortic stenosis undergoing TAVR 
[ 50 ]. In this study, of which women accounted for half of the patient cohort, women 
had smaller aortic annulus size, underwent TAVR more frequently than men and 
had smaller femoral artery diameter and femoral artery calcifi cation scores [ 50 ]. 
Despite a higher incidence of iliac artery complications in women there was no 
signifi cant differences in procedural success and 30 day mortality, furthermore 
female gender was a predictor of survival [ 50 ]. 

 The current ACC/AHA guidelines for the management of patients with chronic 
severe aortic regurgitation are presented in Fig.  9.6  [ 8 ,  10 ]. In contrast to AS, 
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the management of patients with chronic aortic regurgitation requires a complex 
integration of clinical, imaging, and laboratory data.   

   Infective Endocarditis and Infl ammatory Carditis 

 Infective endocarditis (IE) has an estimated incidence in the general population of 
0.01 % and half the incidence in women as compared to men [ 51 ]. Patients at 
increased risk for IE include valvular abnormalities associated with regurgitation, a 
previous history of IE, and implantation of a prosthetic heart valve or intra-cardiac 
device. Diabetes mellitus, end stage renal disease on hemodialysis, human immuno-
defi ciency virus infection and intravenous drug use are common co-morbidities that 
increase the risk for IE [ 51 ]. 

  Staphylococcus  and  Streptococcus  are the most commonly isolated pathogens 
in native valve disease, while Staphylococcal species are increasingly common 
pathogens isolated from infected indwelling devices and in nosocomial infections. 
In patients with streptococcus infection and native valve endocarditis in-hospital 
mortality is estimated at 10 % however mortality increases in patients with more 
 virulent staphylococcus and prosthetic valve endocarditis [ 51 ]. 

 The diagnosis of IE is based on clinical presentation, microbiological data, and 
echocardiographic fi ndings. Common symptoms include fever, night sweats, loss 
of appetite, malaise, and fatigue. A new or more prominent regurgitation murmur, 
anemia, and evidence of micro- or macro-emboli may be observed. An intravascular 
infection is suspected the same organism is isolated from multiple blood cultures. 
Clinical suspicion is important as blood cultures should be obtained prior to ini-
tiation of antimicrobial therapy, in order to isolate the responsible pathogen, since 
identifi cation of the responsible organism is important for appropriate management. 

 Echocardiography plays an important role in early diagnosis and treatment. TTE 
is indicated in all patients suspected of having IE. The diagnosis is based on the 
observation of a vegetation characterized by mobile inhomogeneous echogenic mass 
attached to an intracardiac structure, most often on the low pressure side of a valve, 
in the appropriate clinic setting. TEE is not routinely indicated in all IE patients. It 
should be performed in those with suspected prosthetic valve or device infections, 
especially on indwelling catheters or mechanical prosthetic valves, suspected para-
valvular infections (development of conduction system disease), patients at high 
risk but with negative or inadequate TTEs, and those being evaluated for surgery. 

 Patients with IE should be cared for by a team consisting of an infectious disease 
specialist, a cardiologist, and a cardiac surgeon. IE due to antibiotic sensitive organ-
ism, should intially be treated with a recommended regimen. However, those with 
large vegetations (>1 cm on the aortic and mitral valves, and >2 cm on the tricuspid 
valve), infections with non-penicillin sensitive organisms, and those with infected 
prostheses should be evaluated for early surgical intervention. Valve surgery is rec-
ommended for new onset heart failure, uncontrolled infection, or for prevention of 
embolic cerebral events which is the most feared complication of valve endocarditis 
[ 51 ,  52 ]. Early surgery is indicated for IE due to non-penicillin sensitive organisms, 
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especially if left side native valves or prostheses are involved. Surgery should be 
performed immediately once an indication arises. Temporizing only increases the 
morbidity and mortality associated with the disease. 

 New guidelines restrict the use of antibiotics for prophylaxis prior to dental 
procedures to those patients with the following cardiac conditions associated with 
the highest risk of adverse outcomes from infective endocarditis: unrepaired cya-
notic congenital heart disease, previous infective endocarditis, and prosthetic heart 
valves [ 53 ]. 

 Another cohort subset of women at increased risk for valvular heart disease, 
include those with systemic autoimmune diseases. Systemic lupus erythematosus 
(SLE) and rheumatoid arthritis are systemic autoimmune diseases which have 
higher prevalence in women as compared to men and are associated with signifi cant 
morbidity and mortality. Valvular heart disease is by far the most common cardiac 
abnormality and a leading of cause of death in SLE patients [ 54 ]. Libman- Sacks 
endocarditis is suspected by the fi ndings of vegetations on both surfaces along the 
valve closure lines associated leafl et thickening. Patients with Libman- Sacks endo-
carditis can develop moderate to severe valvular regurgitation secondary to leaf left 
or chordal rupture. The vegetations can embolize fi brin and platelet micro-emboli to 
the brain [ 54 ]. Anticoagulation is recommended in patients with valve vegetations 
and symptoms of stroke or transient ischemic attach (TIA). In those patients with 
severe disease valve, replacement is recommended [ 54 ]. 

 Patients with rheumatoid arthritis can develop a valvulitis due to infl ammatory 
cell deposition leading to leafl et fi brosis and valve nodules which are usually located 
at the base of the leafl ets and valve rings [ 54 ]. Patients usually develop symptoms 
due to cardioembolism, superimposed valve endocarditis as well as valve insuffi -
ciency and rarely due to valve stenosis. Echocardiography is an important diagnos-
tic tool. Nodules are visualized accompanied by valve thickening in one third of 
patients, that can result in valvular regurgitation or stenosis [ 54 ]. Finally, non-
infected vegetations can occur in patients with debilitating disease (marantic 
endocarditis).   

   Pregnancy and Valvular Heart Disease 

 Pregnancy poses unique challenges to women with valvular hear disease. An exten-
sive discussion of this topic is covered elsewhere in this text. The discussion below 
covers salient points of valvular disease in the pregnant female. 

 In order to meet metabolic demands of mother and fetus and to optimize utero- 
placental perfusion, blood volume normally increases by 50 %, heart rate increases 
by 10–20 beats/min, both accompanied by a decline in systemic vascular resistance 
[ 8 ]. Cardiac output begins to increase during the fi rst trimester, probably around the 
5th to 10th week of pregnancy, and progressively does so until the end of the second 
trimester. It remains constant or decreases slightly during the third trimester. The 
increase in heart rate and stroke volume, due to increased preload and reduced 
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afterload, contribute to the rise in cardiac output. The change in fl uid state and 
hemodynamics is accompanied by mild left atrial and ventricular dilatation. LV 
systolic performance increases early in pregnancy, progressing until the 20th week 
of gestation, and then remains constant until end of pregnancy. Blood pressure 
decreases at the start in the fi rst trimester, but then increases, reaching a peak in mid 
pregnancy. 

 Valvular heart disease may be either discovered or worsen during pregnancy 
depending on the nature of the lesion. Common symptoms of pregnancy, e.g. short-
ness of breath, fatigue, palpitations, and decreased exercise capacity, edema, mimic 
those of valvular disease. A systolic fl ow murmur loudest along the left sternal 
border can mimic valve aortic or pulmonary stenosis. Splitting of S1, an S3 gallop, 
mild tachypnea, tachycardia, and lower extremity edema can be found in the normal 
pregnant women. Additionally, peripartum evaluation is paramount in order to 
assess for peripartum cardiomyopathy. The management of valvular disease in a 
pregnant women poses a unique challenge, often requiring pre-conceptual counsel-
ing, management, and potential surgical treatment. 

   Diagnostic Evaluation and Management 

 The goal of diagnosis and management of valvular disease in pregnancy is not just 
to diagnose and treat the disease and its complications, but also to minimize the risk 
of diagnostic and therapeutic modalities to the fetus. Avoidance of radiation expo-
sure and toxic pharmaceuticals (Class D), e.g. ACE-Is and ARBs, is of paramount 
importance. 

 Echocardiography is the diagnostic modality of choice in pregnancy. Normal 
fi ndings during pregnancy include mild ventricular chamber enlargement and mini-
mal valvular regurgitation [ 8 ]. The ACC/AHA Class I recommendation for echocar-
diographic evaluation includes all symptoms or signs of heart failure or structural 
heart disease, grade 3/6 or louder systolic murmurs, pan-systolic and late-systolic 
murmurs, murmurs associated with ejection clicks, diastolic murmurs, and mur-
murs which radiate to the neck and back [ 8 ]. Management of mild to moderate 
valvular disease isolated during pregnancy is by regular interval sonographic evalu-
ation. In the majority of cases, the initial method of treatment irrespective of the 
affected valve is medical, in order to provide symptomatic control and optimization 
of cardiac function. Severe disease poses more of a challenge; in the majority of 
cases, medical therapy is attempted prior to resorting to surgical correction during 
pregnancy. Failure of medical management and/or further decompensation from 
severe valvular disease with possible hemodynamic instability may require emer-
gent surgical intervention during pregnancy. 

 Established valvular disease is also monitored with regards to symptoms, 
examination fi ndings, and serial echocardiography. Poor functional status is an 
important consideration for valve surgery prior to conception [ 2 ]. Again, as with 
valvular disease discovered during pregnancy, established disease that is 
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mild-moderate is monitored and medically managed during pregnancy; severe val-
vular lesions are preferably treated with preservation of the native valve via valvu-
loplasty or valve repair, as this strategy limits the challenges of anticoagulation in 
pregnancy.  

   Mitral Valve Disease 

 Pregnancy increases the hemodynamic stress in MS. Common complications 
include congestive heart failure (CHF, 43 %) and atrial arrythmias (20 %), second-
ary to increased left atrial fi lling pressures and resultant left atrial expansion, pul-
monary congestion, edema, hypertension [ 2 ]. Thus, it is recommended to avoid 
pregnancy in patients with signifi cant MS until underlying valvular disease has 
been adequately treated [ 55 ]. Medical management during pregenancy includes the 
use of beta-blocker therapy to increase ventricular diastolic fi lling and coronary 
perfusion times and judicious use of diuretics. Mitral valvuloplasty is an alternative 
for severe disease with favorable anatomy. However, given the radiation exposure, 
it is recommended to delay surgery until weak 14, after organogenesis [ 55 ]. Mitral 
regurgitation (MR) may worsen during pregnancy due to annular dilatation. 
Symptomatic mitral valve prolapse in pregnancy is secondary to associated MR. 
Afterload reduction and judicious diuretic use is indicated, with mitral valve repair 
usually deferred until postpartum state [ 2 ].  

   Aortic Valve Disease 

 Aortic sclerosis with stenosis (AS) found in women of child-bearing age is most 
often due to a congenital unicuspid or a bicuspid valve. CHF, the result of increased 
intravascular volume and limited ventricular compliance, accounts for 40 % of 
symptomatic AS in pregnancy [ 2 ]. Angina can occur due reduced coronary perfu-
sion and increased myocardial oxygen demand, a result to pregnancy-induced 
tachycardia and decreased afterload. Medical management of symptomatic AS is 
bed rest and beta- blocker administration. Afterload reduction is contraindicated, 
and diuresis in the setting of CHF can reduce adequate maternal organ and fetal 
perfusion. Preterm labor and delivery, intrauterine growth retardation, and 
increased risk of fetal loss are well described risk of pregnancy in women with 
severe AS [ 56 ]. 

 Aortic Regurgitation (AR) is uncommon with respect to other valvular diseases 
and can be the result of bicuspid valve, valve damage secondary to endocarditis or 
rheumatic heart disease, and congenital or acquired aortic root dilatation. Severe 
AR is predominantly treated with judicious diuretic use and bed rest. Aortic dilata-
tion from decreased collagen synthesis and hormone mediated decreased collagen 
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deposition increases the likelihood of aortic dissection, especially in the setting of 
weakened structure of aorta from collagen vascular disease [ 2 ].  

   Pulmonic Valve Disease 

 Pulmonic stenosis (PS) occurs most often as an isolated congenital defect, or more 
rarely, a a component of Tetralogy of Fallot. PS results in elevated right atrial fi lling 
pressures, decreased volume of forward fl ow to the pulmonary, left heart and sys-
temic circuit, and venous congestion and right sided heart failure. Pulmonic regur-
gitation (PR) is most often associated with isolated congenital defect or as a result 
of correction of PS of Tetralogy of Fallot. Additionally, PR can be the result of 
infective endocarditis and rarely in sarcoidosis. Elevated right ventricular diastolic 
volume results in eventual dilatation and ventricular failure with predisposition to 
arrhythmias. PR responds well to medical therapy [ 55 ]. Occasionally, PS may 
require valvuloplasty; yet is markedly responsive to medical therapy as well.  

   Tricuspid Valve Disease 

 Tricuspid Stenosis (TS) is rare and may be secondary to rheumatic heart disease in 
conjunction with mitral and aortic valve disease. Tricuspid atresia is a congenital 
cause of TS which requires surgery during childhood. Often mild-moderate TS is 
well tolerated in the setting of pregnancy. Tricuspid regurgitation may be a postop-
erative consequence of surgical correction of primary or secondary tricuspid dis-
ease, e.g. the result IE from intravenous drug abuse. Tricuspid disease is generally 
well tolerated during pregnancy with medical management used as necessary for 
symptomatic improvement [ 57 ].  

   Valve Surgery During Pregnancy 

 Severe valvular disease prior to pregnancy poses a dilemma. Ideally, severe valves 
disease that could compromise mother and fetus should be addressed prior to preg-
nancy. However, this is often not the case, especially in the medically underserved 
community. Most pregnant women with symptomatic valve disease can be treated 
medically, and catheter-bases or surgical correction can be deferred until after deliv-
ery. However, those with life-threatening complications will require intervention. 
Balloon valvuloplasty could be considered for women with severe symptomatic MS 
with favorable anatomy, who either are planning to become pregnant or as a thera-
peutic measure during pregnancy. Balloon mitral valvuloplasty can achieve 
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excellent symptomatic and hemodynamic results with low risk to the mother and 
fetus [ 8 ]. Balloon aortic valvuloplasty is indicated only as a temporizing measure in 
severely symptomatic AS. The improvement in hemodynamics is often only fair, 
and there is limited data on the effi cacy and rate of restenosis during pregnancy. 
Careful shielding of the fetus to minimize radiation exposed is essential. 

 In select instances, progression of valvular disease beyond medical management 
may occur, as in the case of cardiac decompensation and hemodynamic instability, 
which may require emergency valve repair. Emergent valve replacement during preg-
nancy has not been shown to increase maternal mortality. However, there is a signifi cant 
threat to the fetus secondary to intraoperative decrease in perfusion; 12–20 % fetal loss 
rate has been reported [ 55 ]. Most valvular conditions during pregnancy can be medi-
cally managed, with consideration for postpartum replacement surgery if indicated [ 2 ]. 

 The choice of tissue versus mechanical valve replacement prior to or during 
pregnancy hinges on a variety of factors, including patient profi le, medication com-
pliance, and risks emboli, hemorrhage, adverse anticoagulation-related events, and 
risk of structural valve degeneration. Accelerated pregnancy-related structural 
degeneration is reported [ 2 ]. An additional consideration is the likelihood of multi-
ple gestations in the future. 

 The main benefi t of a tissue valve is the lack of need for anticoagulation. 
Anticoagulation can be diffi cult to administer and regulate, requires patient coop-
eration, can induce teratogenicity, and increases risk of peripartum maternal and 
neonatal hemorrhage. Tissue valves have limited durability, and may require 
replacement in 5–10 years, exposing the mother to the risk addition surgery. 

 Mechanical valve prostheses, although more durable than tissue prostheses, 
require optimized anticoagulation in order to prevent valve thrombosis, thrombo-
emboli, or hemorrhage. Warfarin is associated with embryopathy (6th to 12th week 
gestation), fetal loss, and increased risk of fetal cerebral hemorrhage; it is therefore 
avoided [ 8 ], especially in the fi rst trimester. Unfractionated heparin, although it 
does not cross the placental barrier, has been shown to increase the rate of maternal 
thrombosis and bleeding. Pregnant women should imperatively receive informed 
counseling concerning anticoagulation treatment options, including increased risk 
associated with heparin use 

 (ACC/AHA Class I recommendation) [ 8 ]. Additionally, women who are consid-
ered high-risk (history of thromboembolic phenomena or older-generation mechani-
cal mitral prosthesis) who opt not to take warfarin fi rst trimester should receive 
unfractionated heparin continuously with mid-interval prolongation of the aPTT to 
two to three times control, with subsequent transition to warfarin after fi rst trimester 
(AHA/ACC Class I recommendation) [ 8 ]. Should warfarin be chosen, maintaining 
INR 2–3 with low dose warfarin and low dose aspirin (Class IIa) [ 8 ] is recommended. 
Women at low risk (no history of thromboembolic disease and newer- generation pros-
thesis) can be managed with adjusted-dose heparin to prolong the mid-interval aPTT 
to two to three times control (Class IIb) [ 8 ]. Prior to week 36, in anticipation of deliver, 
warfarin should be discontinued with transition to heparin. Should labor occur while 
on warfarin, Cesarean section is the preferred delivery method. In the absence of sig-
nifi cant bleeding postpartum, the patient can be transitioned to warfarin (Class IIa) 
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[ 8 ]. While data on the safety and effi cacy of low molecular weight heparin (LMWH) 
is limited, current guidelines recommend that pregnant patients with mechanical pros-
thetic valves who receive dose-adjusted LMWH, the LMWH should be administered 
twice daily subcutaneously to maintain the anti-Xa level between 0.7 and 1.2 U per ml 
4 h after administration (Class IIa) [ 8 ]. Anti-Xa levels should be measured weekly 
throughout gestation. Aspirin at 75 mg daily can be added to this regimen to reduce 
risk of thrombosis, but with the potential for increased risk of bleeding.  

   Peripartum Management 

 Most women with valve disease can be delivered vaginally. Induction of labor and 
use of forceps are recommended and employed in some centers. Peripartum compli-
cations are equivalent to those who undergo a C-section. Careful hemodynamic 
monitoring may be required, and monitoring should continued for approximately 
48 h post partum, because of fl uid shifts that occur during this period. Routine IE 
prophylaxis is not longer recommended [ 2 ].   

   Conclusions 

 Valve disease in women differs from that in men in a number of important aspects. 
While the overall prevalence is equal, differences in etiology, structural alterations 
resulting from valve disease-induced alterations hemodynamic loading condition, 
and physiognomy affect the diagnosis, severity assessment, and therapy. Pregnancy 
complicated by valve disease is a challenge that requires specifi c diagnostic and 
therapeutic approaches.     
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           Introduction 

 Gender differences exist in cardiac electrophysiology, which signifi cantly impact 
the presentation, diagnosis and management of arrhythmias in women. This chapter 
provides a general understanding of these differences to help guide general practi-
tioners in the daily management of female patients. We start with a basic overview 
of the proposed mechanisms behind these gender differences, then review specifi c 
arrhythmias, highlighting features unique to women. 

 Cyclical variations in sex hormones infl uence the clinical presentation of arrhyth-
mias during the menstrual cycle, pregnancy, post-partum period and menopause. 
Although these mechanisms are not fully understood, they help to explain gender 
differences in heart rate, heart rate variability, and the surface electrocardiogram 
(ECG). These concepts provide the foundation for our gender relevant discussion 
regarding the diagnosis and management of specifi c cardiac arrhythmias in women.  
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    Gender Differences in Heart Rate, Heart Rate Variability, 
and the Electrocardiogram 

 Differences in the heart rate and QT interval on the surface ECG are among 
the most commonly reported fi ndings between men and women. Women have 
higher resting heart rates by an average of 3–5 beats/min [ 1 – 4 ] and longer QT 
intervals than men [ 5 ,  6 ]. Women also exhibit greater heart rate variability 
(HRV) that gradually diminishes as women age [ 7 – 11 ]. Heart rate variability, 
a measure of the beat-to- beat variation in heart rate, is largely dependent on a 
balance between parasympathetic and sympathetic activity and is often used as 
a surrogate measure of autonomic function. Reduced heart rate variability has 
been shown to be a predictor of cardiac events [ 12 – 16 ]. Higher HRV is observed 
in premenopausal women, suggesting that sex hormones (i.e. estrogen and/or 
progesterone) favorably infl uence HRV and may play a cardio-protective role in 
younger woman [ 17 ,  18 ]. 

 Gender differences in the QT interval are also due to differences in sex hor-
mones [ 19 ]. Women have a longer corrected QT interval and are more prone to 
developing acquired long QT syndrome and Torsades de Pointes (TdP) [ 20 ,  21 ]. 
In fact, up to 65–75 % of drug-induced long QT syndrome occurs in women [ 22 ]. 
Therefore, when caring for the female patient it is important to take into account 
that women are more susceptible to the effects of QT prolonging medications 
[ 23 ]. In an editorial by Okin, the author points out that gender differences impact 
the prognostic and diagnostic accuracy of the ECG in women [ 24 ]. However there 
are currently no sex-specifi c diagnostic ECG criteria to guide management of 
female patients. 

    Mechanisms of Gender Differences 
and Effects of Sex Hormones 

 In a comprehensive review by Villareal et al. and Yang et al., [ 25 ,  26 ] the mecha-
nisms for gender differences in cardiac electrical properties can be summarized into 
two postulated mechanisms: (1) direct effects of sex hormones on the distribution, 
expression and function of cardiac ion channels and (2) infl uence of sex hormones 
on autonomic tone. Estrogen (in the form of 17-beta estradiol), progesterone and 
testosterone mainly infl uence  l -type calcium channels and delayed rectifi er potas-
sium channels. In a complex, dose-dependent fashion, these hormones can either 
prolong or shorten the action potential thereby altering repolarization characteris-
tics [ 27 – 34 ]. In addition, there is evidence that sex hormones infl uence autonomic 
tone [ 35 – 39 ]. 

 Understanding the effects of sex hormones on ventricular repolarization provides 
the basis for understanding gender differences in arrhythmias; why women are at 
risk for prolonged QTc and TdP, why there is increased risk of syncope and sud-
den death in congenital long QT syndrome, and why certain arrhythmias are more 
 common during different periods of a woman’s reproductive cycle.  
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    Infl uence on Menstrual Cycle, Pregnancy, 
Post-partum, and Menopause 

 Cyclical variations in sex hormones during the menstrual cycle affect the QT 
 interval. During the luteal phase, progesterone levels are high relative to estrogen, 
while estrogen dominates the follicular phase and ovulation. The QT interval tends 
to be prolonged during the follicular phase and women with inherited long QT 
syndrome are found to be at increased risk for TdP [ 40 ,  41 ]. Interestingly, the post-
menopausal phase is characterized by an increased risk for recurrent syncope in 
women with LQT2, but a risk reduction in women with LQT1 [ 42 ]. The mechanism 
underlying this paradox is unknown, but is likely infl uenced by sex hormone modu-
lation of the delayed rectifi er channel based on the specifi c gene mutations associ-
ated with inherited long QT syndrome types 1 (gene mutation in slow component 
of the delayed rectifi er channel, I Ks ) and 2 (gene mutation in rapid component of 
delayed rectifi er channel, I Kr ). Studies investigating the effect of hormone replace-
ment therapy on the QT interval have provided confl icting results [ 43 – 45 ]. Thus, 
despite an intriguing association, there is no data to support the use of hormone 
replacement therapy to reduce the risk of cardiac arrhythmias [ 46 ]. 

 During the menstrual cycle, variations in hormone levels also affect the clinical 
presentation of supraventricular tachycardias (SVT) and should be considered when 
scheduling ambulatory monitoring or diagnostic electrophysiologic (EP) studies. 
In a study by Rosano et al., SVT was shown to occur most frequently during the 
luteal phase of the menstrual cycle when progesterone levels are at their highest 
[ 47 ]. Myerburg et al., applied this information to the timing EP studies and found 
that women are more easily inducible during the premenstrual (i.e. the luteal phase, 
within 72 h of the onset of menses) phase [ 48 ]. 

 During pregnancy, when estrogen and progesterone levels are at their highest, 
women without hereditary arrhythmias, congenital or structural heart disease do 
not appear to be at increased risk for cardiac arrhythmias and sudden cardiac death 
[ 49 ]. Similarly, women with inherited LQTS do not appear to be at increased risk 
for cardiac events during pregnancy, however, demonstrate a remarkable 40-fold 
increase of cardiac events during the post-partum period [ 50 ]. It is postulated that 
sinus tachycardia present during pregnancy may have a cardioprotective effect 
against sudden cardiac death due to a decrease in the QT interval [ 51 ]. Beta blocker 
prophylaxis has been shown to be effective in reducing abnormally elevated heart 
rates during pregnancy and at reducing the risk of cardiac events during the post- 
partum phase in women with congenital LQTS.   

    Syncope and Palpitations 

 Syncope and palpitations are very common symptoms among women. In a large 
cohort of patients presenting to the Emergency Room with palpitations and syn-
cope, 60 % were woman. These women were found to have higher proportion of 
postural tachycardia syndrome (POTS) and orthostatic hypotension [ 52 ]. 
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 Palpitations can be broadly defi ned as an unpleasant sensation of a racing or 
pounding heart. Patients frequently describe skipped beats, irregular heart beats, 
bursts of fast heart rates or robust cardiac contractions. An understanding of the 
patient’s experience when using the term “palpitations” is an important initial step 
in the evaluation. Someone describing the occasional “fl ip-fl op” in the chest is likely 
experiencing either atrial or ventricular premature beats, whereas a patient is likely 
to have a reentrant arrhythmia such as AV Node Reentrant Tachycardia (AVNRT) 
or accessory pathway-mediated reentrant tachycardias (AVRT) when describing the 
abrupt onset of a rapid, regular heart beat that terminates with vagal maneuvers. The 
history in patients presenting with palpitations should include: onset (abrupt or grad-
ual), duration, termination (abrupt or gradual), frequency (daily, weekly monthly, 
etc.), triggers, alleviating factors and associated symptoms. Fast heart rhythms with 
gradual onset and termination suggest sinus tachycardia as can be seen in inappro-
priate sinus tachycardia (IST) or postural tachycardia syndrome (POTS), whereas 
the abrupt onset and termination of fast heart beats suggests an arrhythmia (such as 
AVNRT, AVRT, AT, atrial fl utter or fi brillation). Termination with vagal maneuvers, 
such as bearing down or deep cough can be quite helpful in identifying reentrant 
arrhythmias dependent on the AV node (such as AVNRT or AVRT). 

 It is important to inquire specifi cally about syncope or near-syncope in relation 
to or independent of palpitations. Syncope is present in approximately 15 % of 
patients with SVT and is most commonly caused by a prolonged pause following 
the abrupt termination of an SVT, but can also be observed as a consequence of 
rapid heart rates during SVT, particularly in the dehydrated state or the presence 
of structural heart disease. Neck fullness during SVT is a helpful symptom that is 
often associated with AVNRT and is due to atrial contraction against closed AV (i.e. 
mitral and tricuspid) valves. It can also occurs in arrhythmias that present with AV 
dissociation, such as ventricular tachycardia or complete heart block. Polyuria is 
also an uncommon but helpful symptom associated with supraventricular tachycar-
dias that is caused by release of atrial natriuretic peptide from abrupt increases in 
atrial pressures when the atria contract against closed AV valves. 

 Distinguishing between concerning causes of syncope such as arrhythmic syn-
cope versus more benign causes such as neurocardiogenic syncope is paramount. 
Patients found to have true cardiac syncope (i.e. due to malignant, life-threatening 
arrhythmias) were found to have a 6-month mortality of 10 % whereas patients with 
vasovagal syncope had a benign prognosis, similar to those without syncope [ 53 ]. 
The main goal of the initial evaluation of syncope and palpitations is to identify 
patients who are at high risk for sudden cardiac death and signifi cant life- threatening 
arrhythmias. 

    Evaluation of Syncope 

 The European Society of Cardiology (ESC) Guidelines and the American Heart 
Association/American College of Cardiology Foundation (AHA/ACCF) Scientifi c 
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Statement provides the basis for the initial evaluation of syncope [ 54 ]. The initial 
evaluation of syncope and palpitations in women should start with a thorough his-
tory and physical exam. The history should focus on any symptoms present prior to 
syncope or reversible causes of syncope (i.e. hypoglycemia, simple mechanical falls, 
etc.) and any history or risk factors for structural cardiac disease. Syncope associ-
ated with prolonged standing or changes in body position suggest neurocardiogenic 
syncope or orthostatic hypotension, while a history lacking orthostatic components 
may suggest more concerning causes, such as a tachy- or bradyarrhythmias. 

 The physical exam should include a cardiac exam, orthostatic blood pressure, 
and in the older patient carotid sinus massage. An ECG will provide valuable infor-
mation about the heart rate, rhythm, abnormal Q-waves suggestive of prior myocar-
dial infarctions, delta waves suggestive of pre-excitation, large R-wave amplitudes 
suggestive of hypertensive heart disease or hypertrophic cardiomyopathy (in 
patients without a history of hypertension); or repolarization abnormalities such 
as prolonged QT interval due to inherited or acquired LQTS or precordial T-wave 
inversions seen in ARVC. The ACC/AHA defi nes an abnormally prolonged QTc 
in women as ≥460 ms in women and ≥450 ms in men and anything >480 ms is 
certainly concerning [ 55 ,  56 ]. 

 If after this initial evaluation, a primary cardiac cause for syncope remains possi-
ble, then echocardiography, Holter monitoring for 24–48 h, or Event monitoring for 
3–4 weeks may be useful. Further testing with tilt table testing can help to identify 
the presence of neurocardiogenic cause of syncope and defi ne the type of response 
(i.e. cardioinhibitory or vasodepressor). However, this should be a diagnosis of 
exclusion in women with a history of syncope or near-syncope. The initial approach 
to diagnostic testing in a patient with unexplained syncope is shown in Fig.  10.1 .

       Evaluation of Palpitations 

 A 12-lead electrocardiogram is the initial evaluation for all patients with palpita-
tions. This should be evaluated for evidence of structural changes (such as left atrial 
enlargement, left ventricular hypertrophy, pre-excitation, prior myocardial infarc-
tion, etc.), and atrial or ventricular ectopy. Efforts to obtain a 12-lead ECG during 
symptoms are extraordinarily helpful and should be pursued as long as it does not 
hinder acute management of an unstable patient. 

 Ambulatory monitoring can be extremely helpful associating symptoms with 
cardiac rhythms. A 24- or 48-Holter monitor should be pursued in patients with 
frequent (i.e. daily) symptoms, whereas a 30-day event monitor should be pursued 
in those with less frequent (i.e. weekly) symptoms. The benefi t of these monitors is 
that they can provide information regarding how the arrhythmias start and end. An 
implantable loop monitor may be appropriate in patients with very infrequent (epi-
sodes occurring less than monthly), but severe symptoms such as syncope with trau-
matic injuries. An exercise treadmill test is useful in patients with  exertion- related 
symptoms. 
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 Echocardiography is not necessarily part of the initial assessment in patients 
with palpitations, but should be considered in those with evidence of structural heart 
disease on the surface ECG (i.e. hypertrophy, atrial enlargement, Q-waves, etc.). 
Finally, an invasive electrophysiology study (EPS) with catheter ablation can be 
considered in patients with a clear history of paroxysmal SVT terminated by vagal 
maneuvers or evidence of pre-excitation on surface ECG for defi nitive treatment. 
The initial approach to diagnostic testing in a patient with palpitations is shown in 
Fig.  10.2 .

        Specifi c Cardiac Arrhythmias 

    Inappropriate Sinus Tachycardia (IST) 

 Inappropriate sinus tachycardia is an uncommon and poorly understood syndrome 
that is defi ned by non-paroxysmal elevated resting heart rates greater than 100 bpm 
and/or an exaggerated heart rate response to exercise or stress [ 57 ,  58 ]. The majority 
of patients with IST are women with the literature citing as many as 90 % of patients 
[ 59 ,  60 ]. Symptoms include palpitations, weakness, fatigue, lightheadedness, and 
near syncope. The diagnosis is made when ambulatory monitoring shows elevated 
resting heart rates (i.e. average heart rate >90 bpm) on a 24-h Holter monitor. It is 
important to exclude secondary causes of sinus tachycardia, such as drugs, hyper-
thyroidism, fever, anemia, and infection. There is overlap between the diagnosis of 
postural orthostatic tachycardia syndrome (POTS) and IST. POTS is defi ned as the 
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  Fig. 10.1    The initial approach to the patient with unexplained syncope       
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presence of symptoms due to orthostatic intolerance with a heart rate increase of 
≥30 bpm (or heart rate that exceeds 120 bpm) within the fi rst 10 min of standing or 
upright tilt that is not associated with a decline in blood pressure or any debilitat-
ing conditions or medications that would diminish vascular tone [ 61 ]. POTS can be 
distinguished from IST by noting an abnormal increase in heart rate that is asso-
ciated with changes in body position [ 62 ] and can be diagnosed using Tilt Table 
Testing [ 63 ]. No proven effective treatment exists for IST. Symptomatic patients 
can be treated with beta blockers as fi rst line therapy along with lifestyle changes 
to eliminate any known triggers such as stimulants (caffeine, alcohol, medications). 
As anxiety can often be superimposed on IST management of anxiety with counsel-
ing and benzodiazepines may sometimes be required. 

 Ivabradine, a specifi c funny current (I f ) blocker, is currently under investigation 
as a promising new treatment option for IST. In the fi rst randomized, double-blind 
placebo controlled crossover trial in patients with IST, Ivabradine signifi cantly 
reduced heart rates and eliminated >70 % of symptoms reported at baseline; with 
50 % of patients reporting complete symptom resolution [ 64 ]. In another study 
of 20 patients, comparing metoprolol succinate and Ivabradine, both drugs were 
shown to have similar effects on heart rate, however, Ivabradine was more effective 
than metoprolol in treating symptoms of IST with 70 % of patients reporting elimi-
nation of symptoms [ 65 ]. Ivabradine is currently not available in the United States 
and should be avoided in hypotensive, pregnant, and breastfeeding patients [ 62 ]. 
Radiofrequency ablation is rarely effective for IST and should only be considered 
in extreme symptomatic cases when medical treatment has failed and symptoms 
have clearly been shown to be associated with fast heart rates [ 66 ,  67 ]. IST is not 
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  Fig. 10.2    The initial approach to the patient with palpitations       
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usually associated with any structural heart disease or secondary causes of sinus 
 tachycardia and tends to have a benign natural history [ 68 ].  

    Atrioventricular Nodal Reentrant Tachycardia (AVNRT) 

 Atrioventricular Node Reentrant Tachycardia (AVNRT) is the most prevalent par-
oxysmal supraventricular tachycardia (SVT) in females with a 2:1 predominance 
over males [ 69 – 73 ]. The diagnosis and management of AVNRT should not be any 
different from men. 

 Common signs and symptoms include the abrupt onset of rapid regular palpita-
tions that can be associated with chest tightness, dizziness, and neck pulsations. 
Heart rates range from 140 to 250 in this rhythm and AVNRT is not typically associ-
ated with structural heart disease. Medications have only a modest effect in reduc-
ing the frequency of both AVNRT and AVRT. The 2003 ACC/AHA guidelines 
recommend catheter ablation as fi rst line treatment (Class I) for patients with recur-
rent symptomatic episodes, patients with infrequent or single episodes who desire 
defi nitive treatment, and for patients with infrequent, well-tolerated AVNRT [ 74 ]. 

 In those patients who prefer medical management over ablation, standard medi-
cal therapy includes non-dihydropyridine calcium channel blockers, beta blockers, 
or digoxin as fi rst line therapy. Patients should be taught to perform vagal maneu-
vers (deep cough, bearing down, squatting) immediately at the onset of symptoms 
as this has greater effi cacy than medical therapy. The 30-day recurrence rate fol-
lowing treatment with diltiazem [ 75 ] was 60 and 20–40 % with fl ecainide [ 76 ]. 
The decision to medically manage or ablate should be patient specifi c and should 
take into account frequency and duration of symptoms, the effectiveness and toler-
ance to drugs, and presence of structural heart disease. Radiofrequency ablation is 
recommended in women who plan to become pregnant in the future to eliminate 
the possibility of AVNRT complicating the pregnancy. Ablation has a 96 % success 
rate with recurrence occurring approximately 3–7 %. Patients considering ablation 
must consider the risk of AV block and need for pacemaker implantation, which 
can occur in 2–5 % of cases. There is no gender difference in success rates, com-
plications, or recurrence of AVNRT after ablation. However, it has been shown that 
physicians tend to take a more conservative approach with women; referring women 
later for ablation after trying more anti-arrhythmic therapy [ 77 ,  78 ].  

    Atrioventricular Reciprocating Tachycardia (AVRT) 
(Extra Nodal Accessory Pathways) 

 AVRT is the second most common paroxysmal SVT in women and is twice as fre-
quent in men. AVRT involves an extranodal accessory pathway that provides a sec-
ond electrical connection (e.g. in addition to the AV node) between the atria to the 
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ventricles. There are two types of pathways: (a) manifest pathways which conduct 
electrical signals back and forth between the atrium and ventricle and (b) concealed 
pathways which can only conduct electrical signals backward from the ventricle to 
the atrium. Only patients with manifest accessory pathways will have pre-excitation 
(i.e. delta waves) visible on the surface ECG and represent those patients who are 
potentially at risk for sudden death. 

 Delta waves are present on the ECG in 0.15–0.25 % of the general population. 
Wolf Parkinson White syndrome (WPW) is used to defi ne patients with delta waves 
on the ECG and symptoms of tachycardia. WPW syndrome is more common in 
men, and men are more likely to experience atrial fi brillation [ 70 ]. The most impor-
tant consideration in patients with pre-excitation on the ECG is risk stratifi cation 
for sudden death. Sudden death can occur in the presence of atrial fi brillation/fl ut-
ter when atrial signals are conducted 1:1 (i.e. at rates ≥200 bpm) to the ventricles 
over the accessory pathway. Therefore, all patients with delta waves present on the 
surface ECG must be referred for risk stratifi cation. The clinical features of AVRT 
are similar to AVNRT and can be distinguished by a thorough electrophysiological 
study. Like AVNRT, medical therapy tends to be less effective at treating arrhyth-
mias associated with accessory pathways. Drugs used to treat AVRT include, Class 
I agents such as procainamide, disopyramide, propafenone, and fl ecainide and Class 
III agents such as ibutilide, sotalol, and amiodarone. Catheter ablation should be 
performed for high risk patients, and considered in patients who are symptomatic 
or fail medical therapy. Outcomes are similar regardless of sex. Because of the 
increased incidence of SVT in women with accessory pathways during pregnancy, 
radiofrequency ablation should be considered before these patients attempt preg-
nancy [ 77 ].  

    Atrial Fibrillation (AFib)/Atrial Flutter (AFl) 

 Atrial fi brillation is the most common arrhythmia in the United States, affecting over 
three million people, and the incidence increases with age. It is a supraventricular 
rhythm with uncoordinated atrial activity demonstrated by fi brillatory (f) waves, 
with irregular, rapid ventricular response on ECG. Atrial fi brillation is more com-
mon in men, however, women tend to have more symptoms that last longer, occur 
more frequently, and have higher ventricular rates [ 79 ,  80 ]. In addition, women tend 
to have more impaired quality of life measures than men [ 81 ,  82 ]. 

 Common symptoms include palpitations, fatigue, dyspnea, and dizziness. 
Physical exam may reveal an irregular pulse, irregular jugular venous pulsations, 
and variable loudness of fi rst heart sound. Examination should entail seeking for 
evidence of valvular heart disease, heart failure, sleep apnea or thyroid disorders. 
Diagnosis is made by documentation on ECG, 24-h Holter or event monitoring. 

 Management of patients with atrial fi brillation involves the decision to restore 
and maintain sinus rhythm (i.e. rhythm-control algorithm) versus heart rate control 
(i.e. rate-control algorithm). Rate control of atrial fi brillation can be achieved with 
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a combination of beta blockers, calcium channel blockers, or digoxin. Restoration 
of sinus rhythm can be achieved either through electrical cardioversion or phar-
macologic cardioversion and sinus rhythm can be maintained with antiarrhythmic 
medications. 

 Women tend to fare worse than men with medications for management of atrial 
fi brillation. Rate-control algorithms are associated with an increased risk of bra-
dycardia, while subgroup analysis of the RACE study (Rate Control versus elec-
trical Cardioversion study) [ 83 ] found that women randomized to rhythm-control 
algorithms did far worse than women managed according to rate-control. Women 
randomized to rhythm-control were three-times more likely to die from cardiovas-
cular causes, and fi ve-times more likely to develop heart failure or thromboem-
bolic complications than women in the rate-control arm. Similar trends were not 
observed in men when comparing randomization strategies. Women also experience 
markedly elevated rates of medication-induced prolonged QT syndrome and tors-
ades de pointes when taking any class of antiarrhythmic medication compared to 
men. Thus, these factors should be taken into consideration when deciding upon a 
rhythm-control algorithm with women. 

 Perhaps as a consequence of the adverse outcomes associated with antiarrhyth-
mic therapy, women are less often treated according to a rhythm-control algorithm 
and are referred less frequently for cardioversion despite having worse symptoms 
and longer duration of symptoms than men. Women are also referred less often 
or later than men for radiofrequency ablation of atrial fi brillation despite similar 
success rates [ 84 ,  85 ]. Radiofrequency catheter ablation of atrial fi brillation is con-
sidered in highly symptomatic patients when symptoms are refractory to medical 
therapy. 

 Women have higher rates of thromboembolic complications compared to men, 
especially those over the age of 75. Elderly women are at especially high risk 
for disabling strokes, however, despite this fi nding, are less likely to be started 
on warfarin [ 86 ,  87 ]. Importantly, anticoagulation should be considered in all 
women with a CHA2DS2-Vasc score ≥2 who do not have any contraindication to 
anticoagulation. 

 Associated with atrial fi brillation is atrial fl utter, a more organized rhythm with 
saw-tooth pattern of regular activation called fl utter waves (f waves), visible in lead 
II, III, AVF. In atrial fl utter, atrial rates range from 240 to 320 bpm, with inverted 
fl utter waves in the inferior leads (II, III, AVF) and upright fl utter waves in V1. 
Two-to- one AV block is common and can lead to atrial rate of 120–160. Medical 
therapy of atrial fl utter is similar to atrial fi brillation. Because medications tend to 
be ineffective in atrial fl utter, the ACC/AHA guidelines consider catheter ablation to 
be fi rst line therapy for recurrent atrial fl utter regardless of symptoms and cardiover-
sion as fi rst line treatment for the fi rst episode of atrial fl utter [ 74 ]. Radiofrequency 
ablation of typical atrial fl utter has a 95 % effi cacy rate with low procedure-related 
complication rates. 

 Atrial fi brillation and atrial fl utter are frequently observed together. Following 
fl utter ablation, the incidence of atrial fi brillation is dependent on whether atrial 
fi brillation was present prior to fl utter ablation. For those patients with mostly 
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atrial fi brillation prior to fl utter ablation 86 % will develop persistent atrial fi bril-
lation; while 8 % develop atrial fi brillation following fl utter ablation when it had 
not been documented previously.  

    Atrial Tachycardia 

 Gender differences in atrial tachycardia have not been as well studied [ 88 ]. Rates 
appear to be similar between men and women with similar outcomes following 
radiofrequency ablation [ 88 ,  89 ]. Focal atrial tachycardia occurs when an electri-
cal impulse eminate from a site outside of the sinus node. It tends to occur in older 
patients with structural heart disease or underlying medical and pulmonary condi-
tions. The ECG reveals a non-sinus P wave morphology and axis, and a narrow 
QRS complex. Although there are no large studies assessing the effi cacy of different 
pharmacological strategies, medications such as beta-blockers or calcium channel 
blockers are typically the fi rst line of medical therapy. Antiarrhythmic medications 
(typically class Ia or Ic) can be tried if beta-blockers or calcium channel blockers fail. 
An EP study should be pursued in cases of incessant atrial tachycardia or if symp-
toms continue despite medical therapy in paroxysmal atrial tachycardia. However, 
these procedures can be challenging since atrial tachycardia needs to be observed 
during the EP study to hone in on the focal site. The sedative medications used to 
make patients comfortable for the procedure tends to suppress atrial tachycardia.   

    VT/SCD/Devices in Women 

    Ventricular Tachycardia (VT) 

 Sex hormones also infl uence predisposition to ventricular arrhythmias. One study, 
demonstrated that postmenopausal women with idiopathic outfl ow ventricular 
tachycardia had decreased levels of estradiol compared to control postmenopausal 
women [ 90 ]. Postmenopausal women with idiopathic outfl ow ventricular tachycar-
dia had a higher arrhythmia burden than controls, which was signifi cantly reduced 
after 3 months of estrogen replacement therapy. Right ventricular outfl ow tachycar-
dia, which typically occurs in younger patients and in the absence of structural heart 
disease, also has gender specifi c triggers commonly occurring in women during the 
premenstrual state (i.e. luteal phase) and in men during states of stress and increased 
exercise [ 91 ]. 

 The clinical presentation of ventricular tachycardia (VT) is variable based on 
underlying structural heart disease, comorbidities, and rate of the tachycardia. 
Patients can be asymptomatic or present with syncope or sudden cardiac death 
(SCD). Diagnosis is made by reviewing the ECG. VT needs to be distinguished 
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from SVT with aberrant conduction, bundle branch block, or changes in QRS 
morphology due to metabolic abnormalities. Management of patients depends 
primarily on the clinical scenario. Unstable patients should undergo rapid direct 
current (DC) cardioversion; whereas hemodynamically stable patients can initially 
be managed with intravenous antiarrhythmics including amiodarone, lidocaine, 
procainamide and beta blockers. It is important to treat any medical conditions or 
electrolyte abnormalities, or remove any offending drugs or substances that may 
be contributing to VT. Antiarrhythmics in general have an uncertain role in the 
prevention of VT.  

    Sudden Cardiac Death (SCD) 

 In the Framingham Study, signifi cant sex-related differences in ventricular tachy-
cardia and sudden cardiac death were found. Women tended to have SCD at an older 
age than men, usually lagging behind by 10 years, and less coronary heart disease 
[ 92 ,  93 ]. In addition, women had a lower incidence of SCD, one third of that in men 
[ 94 ]. While women are more likely to present with SCD at an older age they are also 
more likely than men to have return to spontaneous circulation [ 95 ]. 

 Sex differences also exist in the risk factors and etiology of SCD in women. 
Causes beyond coronary artery disease need to be considered particularly in 
younger women, such as nonischemic cardiomyopathy, valvular heart disease, 
hereditary arrhythmias such as Long QT syndrome or congenital heart disease 
[ 96 ]. Thus, classic risk factors for coronary artery disease and ventricular tachycar-
dia that are predictive of events in men may not apply as well to women, making 
the risk stratifi cation of SCD in women more diffi cult. Bertoia et al., identifi ed 
gender specifi c independent risk factors for SCD in 161,808 women enrolled in the 
Women’s Health Initiative Trial, which included African-American race, increased 
heart rate, higher hip to waist ratio, elevated white blood cell count, and heart 
failure [ 97 ].  

    Implantable-Cardioverter Defi brillators (ICD) 

 Implantable cardioverter defi brillators (ICD) have been shown to decrease mortality 
when used for both primary and secondary prevention of sudden cardiac death in 
both men and women. There are some contradictions regarding the mortality out-
comes between genders. The Antiarrhythmics Versus Implantable Debfi brillators 
Trial (AVID) investigators showed no gender difference between men and women 
with ICD for the secondary prevention of SCD [ 98 ]. However, the Sudden Cardiac 
Death in Heart Failure trial (SCD-HeFT) study found statistically signifi cant 
decrease in mortality in men who received ICDs but not in women, likely because 
it was underpowered to detect a difference due to low enrollment of women [ 99 ]. 
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 A review of the Medicare registry from 1991 to 2005 of a large cohort of  subjects 
diagnosed with ischemic heart disease revealed a two- to threefold increased risk of 
appropriate ICD therapies for VT/VF at 1 year in men versus women who underwent 
ICD implantation for either primary or secondary prevention [ 100 ]. Importantly, 
however, subgroup analysis of MADIT II [ 101 ] and DEFINITE trial [ 102 ] found 
no difference in ICD effectiveness in patients with either ischemic or nonischemic 
cardiomyopathy based on gender. 

 Women are less likely than men to be referred for ICD implantation for both 
primary and secondary prevention of SCD, with women being 61 % less likely than 
men to receive an ICD [ 103 ,  104 ]. Reasons for this disparity are unknown [ 105 , 
 106 ]. However, it is important to recognize that based on the currently available 
data ICDs appear to be equally effective at reducing mortality in women and men.  

    Hereditary Arrhythmias (LQTS-Inherited/Acquired; 
ARVD; Brugada) 

 As mentioned earlier, gender differences do exist regarding acquired and inherited 
long QT syndrome (LQTS), as well as the risk for TdP leading to SCD. Women 
have increased prevalence of both drug induced and inherited LQTS that appear to 
correlate with variations in sex hormone levels. Women with prolonged QT inter-
vals are more likely to have increased cardiac events during the post- partum period 
while men are more likely to suffer syncope and sudden death at a younger age prior 
to the onset of puberty [ 91 ,  107 ]. 

 Congenital LQTS is characterized by prolonged QT intervals caused by gene 
mutations that encode sodium or potassium ion channels. Over 300 different LQTS- 
related mutations have been identifi ed that affect fi ve main genes (KVLQT1, HERG, 
SCN5A, KCNE1, and KCNE2) [ 108 ]. Three major subtypes (LQT1, LQT2, LQT3) 
comprise the majority of cases. The LQTS subtype can sometimes be inferred from 
the surface ECG: LQT1 is characterized by broad-based T waves and exercise 
induced arrhythmic events, LQT2 has low amplitude, notched T waves and auditory 
induced arrhythmias, and LQT3 has long isoelectric ST segment and SCD events 
during sleep. Patients are treated with beta blockers and those with high risk mark-
ers or with signifi cant symptoms refractory to medications should be considered for 
ICD implantation. The risk for cardiac events have distinct age and gender predilec-
tions in congenital LQTS. Prior to adolescents, boys are at elevated risk for cardiac 
events. At adolescence, this risk reverses and girls maintain an increased risk of 
cardiac events into menopause [ 109 ]. 

 Women are also more likely to develop drug-induced prolonged QT especially 
from antiarrhythmics that prolong ventricular repolarization and from electrolyte 
and metabolic abnormalities. Women are more likely to develop TdP from all 
classes of antiarrhythmic medications, including Vaughn William Class IA drugs 
such as quinidine and from Class III drugs such as sotalol [ 91 ]. Class IC drugs 
like fl ecainide do not increase QT interval. Primary practitioners need to be aware 
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of different gender responses to drugs especially cardiovascular medications. Drug 
metabolism is affected by changes in hormone levels brought on by menopause, 
pregnancy and menstruation. Also, women have higher CYP3A4 activity than men 
which is known to metabolize more than 50 % of medications [ 110 ]. 

 Arrhythmogenic Right Ventricular Dysplasia (ARVD) is an important cause 
of sudden cardiac death and has an autosomal mode of inheritance. This disor-
der is characterized by fi brofatty infi ltration of the ventricles. Diagnosis is made 
by characteristic epsilon waves seen on ECG and evidence of fatty infi ltration on 
gadolinium- enhanced MRI. Most case series reports ARVD as being more prevalent 
in men than women, however, there is no difference in the clinical presentation of 
ARVD between men and women [ 111 ]. 

 Brugada is an autosomal dominant arryhythmogenic disorder of cardiac 
sodium channels caused by mutation in SCNA5 gene that predisposes patients 
to polymorphic ventricular tachycardia or ventricular fi brillation. It affects men 
more commonly than women, and men tend to have more syncope, aborted SCD, 
increased ventricular fi brillation inducibility, greater ST segment elevation, and 
greater rates of spontaneous type 1 ECG pattern [ 112 ]. Finding a type 1 ECG 
Brugada pattern is recognized as a risk factor for SCD. Women with Brugada syn-
drome who presented with resuscitated SCD or an appropriate ICD shock were 
less likely to have spontaneous type 1 ECG pattern when compared to men [ 113 ]. 
Although women appear to be at lower risk it is not clear whether our current risk 
factors are able to clearly identify women at high risk. High risk patients include 
patients with syncope, spontaneous type 1 ECG pattern, and those with a fam-
ily history of SCD. These patients should be considered for cardiac defi brillator 
implantation.   

    Pregnancy and Arrhythmias 

 Pregnancy is a period during which there are numerous physiological, hemody-
namic, and hormonal changes. A single-center retrospective study of 136,422 
pregnancy- related admissions, reported that SVTs were extraordinarily uncommon 
during pregnancy and when present were often benign [ 49 ]. Only 0.2 % of these 
admissions were related to arrhythmias. The most common arhythmias during preg-
nancy are sinus tachycardia, ventricular and atrial ectopy that commonly do not 
require any treatment [ 114 ]. 

 The management of pregnant women should not differ from a non-pregnant 
woman, with the exception that special considerations need to be taken to mini-
mize risk to the fetus and mother. Documenting the heart rhythm is important as is 
treating any underlying cause of sinus tachycardia such as infection, metabolic, or 
endocrine conditions. SVT, specifi cally AVNRT is the most common arrhythmia 
during pregnancy and can be treated with vagal maneuvers, adenosine, or IV nodal 
blocking agents [ 115 ]. Early treatment of arrhythmias that have the potential for 
disrupting hemodynamics is important to avoid compromise to uterine blood fl ow 
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[ 116 ]. Electrical cardioversion should be performed in hemodynamically unstable 
pregnant patients. 

 Medication administration should be limited as much as possible during preg-
nancy to avoid unnecessary fetal exposure. However, when required, choosing 
drugs with the longest record of safety in pregnant women should be the fi rst line 
therapy. Beta blockers have the potential to negatively infl uence fetal and newborn 
size, resulting in intrauterine growth retardation. Digoxin, diltiazem, and adenosine 
can be used safely in the pregnant woman. Amiodarone should be avoided due 
to the potential for fetal hypothyroidism and increased fetal mortality. Ventricular 
arrhythmias are rare in pregnancy and its occurrence should prompt an evaluation 
for underlying cardiomyopathy or post-partum cardiomyopathy with an echocar-
diogram. Lidocaine and sotalol have been used safely in pregnant women with ven-
tricular tachycardia but have the potential to cause fetal bradycardia. It is preferable 
to defer any invasive EP procedures until pregnancy is completed to minimize radia-
tion and anesthesia exposure.  

    Conclusion 

 Gender differences in arrhythmias exist as a consequence of sex hormone modula-
tion of autonomic tone and cardiac ion channel function. This has important impli-
cations for the clinical manifestation of arrhythmias in women especially during 
menstruation, pregnancy, and menopause. Women tend to have greater symptoms 
of palpitations and syncope, which are the fi rst symptoms of an arrhythmia. Women 
have a higher prevalence of AVNRT, but are less likely to have AVRT or atrial 
fi brillation than men. The QT interval is longer in women than men, increasing the 
susceptibility to torsades de pointes in women during periods of slow heart rates or 
upon exposure to QT prolonging medications. Conversely, women have lower rates 
of SCD due to structural heart disease when compared to men. Particular attention 
needs to be given to understanding these gender differences and factors unique to 
women in the management of cardiac arrhythmias.     
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        Complex congenital heart disease (CHD) is no longer just a pediatric prob-
lem. Advancements in pediatric cardiothoracic surgery and pediatric cardiology 
 management are leading patients with complex CHD to signifi cantly longer lives well 
into adulthood and often beyond an age where pediatric caregivers have been tradition-
ally trained. In 2002, the incidence of total CHD cases was 12–14 per 1,000 live births 
of which 6 per 1,000 live births were severe or moderately severe forms [ 1 ]. A large 
percentage of children with CHD, 80–85 % up to as much as 95 % in some reports, 
are now reaching adulthood [ 2 ,  3 ] and require lifelong medical surveillance. Although 
prevalence of adult patients with congenital heart disease (ACHD) has variability in 
reporting, the overall prevalence has been estimated to be approximately 3,000 per 
million adults [ 4 ]. This is further classifi ed by severity with 177 per million severe 
ACHD cases, 1,172 per million moderate, and 1,880 per million mild. The increas-
ing prevalence of congenital heart disease in adults has led to recent establishment of 
specialty board certifi cation in ACHD beginning in 2013. As seen in  childhood, there 
remains a gender predominance within certain diagnoses in adults [ 3 ]. 

    Diagnosis Specifi c Gender Differences 

 Certain CHD diagnoses are known to have gender predominance. For instance, pat-
ent ductus arteriosus (PDA), secundum atrial septal defect (ASD), Ebstein’s malfor-
mation [displacement of the tricuspid valve], atrioventricular septal defects (AVSD), 
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and mitral valve prolapse are seen more commonly in girls whereas transposition of 
the great arteries (TGA), aortic valve stenosis (AS), bicuspid aortic valve disease 
(BAV), coarctation of the aorta [discrete narrowing of the descending thoracic 
aorta], tetralogy of Fallot (TOF) [ventricular septal defect, overriding aorta, pulmo-
nary stenosis, right ventricular hypertrophy], and single ventricle lesions [hypoplas-
tic left or right ventricle] are seen more commonly in boys [ 5 ,  6 ]. Similar gender 
differences are seen in ACHD. PDA and secundum ASD remain more common in 
women, in addition to pulmonary atresia (PA). Adult males still are more likely to 
have TGA, AS, coarctation of the aorta, TOF and single ventricle anatomy as well 
as tricuspid atresia (TA) in comparison to women [ 3 ,  5 ]. In general, defects that 
involve the infl ow tract are predominant in women and defects involving the outfl ow 
tract are predominant in men [ 3 ] (Table  11.1 ).

   Reasons behind these observed gender variations for a specifi c congenital heart 
disease diagnosis are largely unknown since most of these conditions do not dem-
onstrate linkage to either X or Y chromosomes, with few exceptions. In Turner 
syndrome, for example, the absence of a second X chromosome in women is associ-
ated with an increased risk of congenital heart disease, mostly aortic coarctation.  

    Mortality Differences Between Genders 

 In childhood, there is no evidence to suggest that gender infl uences survival [ 3 ]. In 
adulthood, there may be gender-related factors contributing to mortality differences. 
The Dutch CONgenital CORvitia (CONCOR) registry and the national mortality 
registry, as reviewed by Verheugt et al. [ 7 ], demonstrates 2.8 % of patients with 
ACHD died at a median age of 48.8 years, 42 % of whom were female, which is 
signifi cantly greater than the general Dutch population. The majority of patients died 
from cardiovascular causes, primarily chronic heart failure and sudden death. 
Defects with the highest mortality were single ventricle lesions, tricuspid atresia, 
and double outlet right ventricle. Complications, including endocarditis, supraven-
tricular and ventricular arrhythmias, conduction disturbances, myocardial infarction 
and pulmonary hypertension, were all associated with increased risk of mortality. 
All-cause and cardiovascular mortality was slightly higher in men, although this was 
not signifi cant. Patients with Eisenmenger were found to have a small, although not 

   Table 11.1    Diagnosis-specifi c gender predominance   

 Females  Males 

 Patent ductus arteriosus  Transposition of the great arteries 
 Secundum atrial septal defect  Aortic valve stenosis 
 Ebstein’s malformation  Bicuspid aortic valve disease 
 Atrioventricular septal defect  Coarctation of the aorta 
 Mitral valve prolapse  Tetralogy of Fallot 
 Pulmonary atresia  Single ventricle lesions 

 Tricuspid atresia 
 (Infl ow tract defects)  (Outfl ow tract defects) 
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signifi cant, predominance in women [ 3 ]. Verheugt et al. [ 3 ] also report a lower 
female mortality in patients with coarctation of the aorta or aortic valve-related prob-
lems, which is primarily explained by the male predominance in these diseases. 

 The European Heart Survey database, as reviewed by Engelfriet and Mulder [ 8 ], 
demonstrates higher 5-year mortality in men over women, which appears particu-
larly so in certain diagnoses: TGA, single ventricle anatomy status-post Fontan pro-
cedure (original procedure named after Francis Fontan), and cyanotic patients. 
Conversely, there was a greater mortality in women with Eisenmenger compared to 
men with Eisenmenger. Neither of these fi ndings though were found to be statisti-
cally signifi cant, perhaps due to the relatively low number of deaths. 

 Before the age of 40, women with Eisenmenger are more likely to die compared 
to men with Eisenmenger [ 5 ]. There is speculation regarding factors associated with 
mortality as reported by Jane Somerville [ 5 ]. Somerville lists that these factors may 
include effects of pregnancy, gynecologic surgeries with associated complications, 
cerebral abscesses, hormone-related fl uid retention and a female predisposition to 
thrombosis, particularly in patients where oral contraception is being prescribed.  

    Morbidty Differences Between Genders 

 Although research is limited, women have been shown to be at a higher risk for 
certain outcomes and sequelae compared to their male counterparts. Verheugt et al. 
[ 3 ] and Somerville [ 5 ] report women with ACHD are at higher risk than men with 
ACHD of developing pulmonary hypertension. Pulmonary arterial hypertension, 
defi ned as mean pulmonary pressure greater than 25 mmHg at rest or 30 mmHg 
during exercise [ 9 ], is seen in 33–35 % more women [ 3 ,  10 ]. Eisenmenger physiol-
ogy is characterized by severe, irreversible pulmonary arterial hypertension with 
resultant cyanosis [ 9 ]. There is speculation that puberty effects play a role in devel-
opment of pulmonary arterial hypertension in women, as do hormonal differences 
between genders and pregnancy effects [ 3 ,  10 ]. There is potential that specifi c diag-
noses, those more often seen in women, may contribute to the higher risk of pulmo-
nary hypertension; however, ventricular septal defects (VSD), which do not have 
gender predominance, are more common in patients with Eisenmenger physiology 
compared to ASD for which there is a higher female predominance. The female 
predominance in pulmonary hypertensive patients decreases after the age of 40 [ 5 ]. 
This may be explained by the increased mortality in female Eisenmenger patients 
seen between the ages of 20–39 [ 5 ]. 

 Among patients with congenital aortic pathology, women are at approximately 30 
% lower risk of aortic complications or long-term sequelae, including dissection, 
surgery, and aneurysm formation, compared to their male counterparts [ 3 ,  8 ]. This is 
primarily explained by the greater male predominance in congenital aortic valve and 
outfl ow disease [ 3 ,  5 ,  6 ,  8 ,  10 ]. Surgical intervention is more likely in men based on 
the overall smaller size of the aorta in women and lack of gender-specifi c criteria for 
aortic surgery [ 3 ]. However, women have worse surgical outcome and a higher mor-
tality following acute aortic dissection, which may represent inadequate diagnosis 
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and treatment in women [ 3 ]. Women with bicuspid or mildly abnormal aortic valves 
demonstrate calcifi cation later compared to males [ 5 ]. This is supported by the later 
mean age in women at the time of surgical intervention. 

 The risk of endocarditis has been observed to be less in women, perhaps due to 
better oral hygiene as well as lower rates of intravenous drug abuse [ 3 ,  10 ]. 

 Indications for implantable cardioverter defi brillator (ICD) in patients with CHD 
were primarily derived from adult randomized trials and have evolved from second-
ary prevention of sudden cardiac death to treatment of sustained ventricular arrhyth-
mias to primary prevention in patients with increased risk of sudden cardiac death 
[ 11 ]. Current recommendations for ICD placement in patients with CHD are for 
secondary prevention following sudden cardiac arrest or for symptomatic sustained 
ventricular tachycardia; for recurrent syncope of undetermined origin when either 
ventricular dysfunction is present or ventricular arrhythmias are inducible during 
electrophysiological study; or for recurrent syncope and signifi cant systemic ven-
tricular dysfunction [ 11 ]. Tracy et al. [ 12 ] report observational studies have shown 
systemic ventricular dysfunction in patients with CHD to be the most predictive risk 
factor for sudden cardiac death or appropriate ICD use, however, current guidelines 
have not been changed. 

 Women with ACHD are at a 55 % lower risk of implantation of an ICD compared 
to their male counterparts with only a slightly lower risk of developing arrhythmias 
[ 3 ]. There is a slight predominance of supraventricular arrhythmias in men, but no 
difference between genders in ventricular arrhythmias, which is a major indication 
for ICD placement in ACHD [ 3 ]. The ICD survival benefi t demonstrates no signifi -
cant gender difference which does not explain the signifi cant gender difference 
between ICD placement [ 3 ,  10 ].  

    Reproductive Health Counseling 

 Only 34–51 % of women with ACHD recall discussing contraception or pregnancy 
issues regarding potential risks with their physicians [ 12 ,  13 ]. The importance of 
discussing and managing contraception is crucial when caring for women in general 
and particularly important in women with ACHD as pregnancy risks to both mother 
and child can be increased [ 13 – 15 ]. Most female patients with ACHD can and 
should be managed as normal with respect to contraceptive discussions and treat-
ment. Exceptions are women with certain forms of complex congenital heart dis-
ease, signifi cant aortic pathology, pulmonary hypertension, cyanotic congenital 
heart disease, valve replacements and congestive heart failure [ 5 ,  14 ]. These groups 
of female ACHD patients are at higher risk for development of side effects and 
complications with estrogen based contraceptives, and counseling must address 
both maternal risks as well as fetal [ 15 ]. 

 Natural methods of contraception (withdrawal and safe period) as well as bar-
rier methods (condom and diaphragm) have high failure rates and are not recom-
mended [ 15 ]. Low-estrogen contraceptive pills, or combined contraceptive pills, 
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come with signifi cant side effects such as fl uid retention, elevated blood pressure, 
additional risk of thromboembolic events in patients with an already increased 
risk, alteration in warfarin control which is particularly concerning in patients 
with prosthetic valves, and worsening pulmonary vascular disease [ 5 ,  15 ,  16 ]. 
Within the fi rst 6 months of starting a low-estrogen contraceptive, approximately 
15 % of cyanotic patients experience a thromboembolic event; if this risk is accept-
able to both patient and provider, aspirin therapy should also be initiated [ 5 ]. 
Progesterone contraceptive pills do not carry the increased thromboembolism risk 
[ 15 ] although there may be a slight increased risk in polycythemic patients [ 5 ]. 
There are few serious side effects such as irregular menstrual bleeding, although 
women often experience a general unwell feeling [ 5 ,  15 ]. There is a high failure 
rate on the progesterone contraceptive pills in comparison to the combination 
 contraceptive pills [ 15 ,  16 ]. 

 Intrauterine devices (IUD) are highly effective in preventing pregnancy as in the 
general population, but come with a small risk of endocarditis at the time of inser-
tion along with bleeding and sepsis [ 5 ,  15 ]. Mirena, a slow-release progestogen 
IUD, carries a slightly lower risk of endocarditis due to the suppression of endome-
trium, in addition to a very low pregnancy rate and a substantially reduced amount 
of menstrual bleeding [ 17 ]. Tubal ligation should be considered in women with 
ACHD who carry a signifi cantly high risk of morbidity and mortality or when a 
woman with ACHD decides she does not want to have children [ 16 – 18 ].  

    Pregnancy 

 Although heart disease in pregnancy accounts for only 1 % of all pregnancies, the 
majority of heart disease in pregnancy (70–80 %) is now due to ACHD [ 5 ] 
(Fig.  11.1 ) . 

99%

0.25%

0.75%

Unaffected Pregnancies Maternal Heart Disease

Acquired Heart Disease Congenital Heart Disease
  Fig. 11.1    Pregnancy and 
heart disease       
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 Pregnancy in women with ACHD poses several potential problems in this gener-
ally higher-risk population. Pregnancy is a circulatory burden to women in general 
healthy states with subsequent increased cardiac output, heart rate and blood vol-
ume and decreased systemic vascular resistance, and in women with certain ACHD 
diagnoses, their ability to adapt to these physiological changes is compromised [ 14 , 
 15 ,  19 ,  20 ]. While many ACHD diagnoses are associated with a normal pregnancy 
and normal outcomes, there is a higher incidence of miscarriages, premature deliv-
eries, worsening heart failure and overall clinical deterioration [ 5 ,  14 ,  15 ,  18 ]. A 
systematic review by Drenthen et al. [ 14 ] reported 11 % of completed pregnancies 
in patients with ACHD experienced arrhythmias, heart failure and cardiovascular 
events that are generally rare in a healthy population. 

 Specifi c conditions that place women with ACHD at a higher risk include cya-
notic lesions, presence of pulmonary hypertension, severe aortic stenosis, signifi -
cant aortic pathology, congestive heart failure, and prosthetic, particularly 
mechanical, valves [ 5 ,  14 ,  17 – 19 ,  21 ]. Other conditions are less worrisome during 
pregnancy and include mild pulmonary valve stenosis, mild AS, bicuspid aortic 
valve without aortic stenosis, ASD without pulmonary hypertension, small VSD, 
mitral valve prolapse, TOF without sequelae, and small PDA [ 5 ,  18 ]. Obstetric com-
plications do not appear to be more predominant in ACHD compared to the general 
population although infant mortality is higher, 4 % compared with <1 % in the 
general population and as high as 30 % in women with Eisenmenger physiology 
(Tables  11.2  and  11.3 ).

   Table 11.2    High-risk adult congenital heart disease during pregnancy   

 Eisenmenger physiology – contraindication for pregnancy 
 Severe pulmonary hypertension, without cyanosis 
 Cyanotic lesions – right to left shunt creates risk of thromboembolism 
 Severe aortic stenosis 
 Signifi cant aortic pathology 
 Congestive heart failure 
 Prosthetic valve replacements – anticoagulation risk, both maternal and fetal 

   Table 11.3    Diagnoses in which pregnancy is reasonably well tolerated   

 Atrial septal defect, with no evidence of pulmonary hypertension 
 Ventricular septal defect 
 Patent ductus arteriosus, with no evidence of pulmonary hypertension 
 Coarctation of the aorta 
 Mild aortic valve stenosis 
 Bicuspid aortic valve, without valve stenosis 
 Mild pulmonary stenosis 
 Mitral valve prolapse 
 Tetralogy of Fallot, without signifi cant sequelae 
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       Maternal Risks 

 The most frequent complication in women with ACHD during pregnancy is onset of 
or worsening heart failure in nearly 5 % [ 5 ,  14 ]. Women at particular risk are those 
with cyanotic congenital heart disease, Eisenmenger syndrome, stenotic valvar 
lesions, and pulmonary atresia. Symptoms that are able to be adequately treated 
with medical therapy often resolve without long-term sequelae. 

 Arrhythmias, most often supraventricular, occurred in 4.5 %, greater than in the 
general population [ 5 ,  14 ]. Women at greatest risk of developing an arrhythmia are 
those with AVSDs, TGA (particularly following atrial switch operation, where sys-
temic venous return is routed to the left ventricle and pulmonary venous return to 
the right ventricle, rather than the current arterial switch operation where the great 
arteries are switched to the corresponding ventricles), Fontan circulation, and 
Ebstein’s malformation [ 5 ,  14 ,  17 ]. The presence of scar tissue following repair or 
palliation of these defects appears to play a causative role of arrhythmia in the 
 setting of increased volume load and enhanced adrenergic receptors [ 14 ]. 
Antiarrhythmics should be avoided as a general rule; adenosine is safe in preg-
nancy for atrial arrhythmias and lidocaine for ventricular tachycardia [ 17 ]. Beta-
blockers, digoxin and calcium channel blockers are also considered relatively safe 
during pregnancy and cardioversion is usually safely performed [ 17 ,  22 ]. 
Amiodarone, at its lowest effective dose, should be used only when all other thera-
pies have failed [ 22 ]. 

 Cardiovascular events during pregnancy, including myocardial infarction, cere-
brovascular accidents, and mortality, occurred in 1 out of every 50 pregnancies [ 14 ]. 
Eisenmenger syndrome carries a particularly high mortality risk [ 14 ]; these patients 
should be generally counseled against becoming pregnant and to consider early 
termination if pregnancy occurs. Women with ACHD are at greater risk for throm-
boembolic events anywhere from six times that of a healthy woman to 20 times, 
particularly in ACHD diagnoses with arrhythmias, sluggish blood fl ow, and pros-
thetic heart valves [ 14 ,  15 ]. Anticoagulation is needed, however warfarin crosses 
the placenta and poses signifi cant risks to the fetus [ 15 ]. Heparin does not cross the 
placenta but is reported to be less effective for prophylaxis prompting individual-
ized assessment on anticoagulant therapy [ 15 ]. 

 Premature deliveries in mothers with ACHD occur at a higher rate than the gen-
eral population, 16 % compared to 10 %, and even greater in more complex ACHD 
[ 14 ]. At time of membrane rupture, there is a low risk of bacterial endocarditis 
necessitating consideration of the use of antibiotic prophylaxis [ 5 ,  17 ]. This is seen 
particularly in patients with secundum ASD [ 14 ]. The prevalence of hypertension 
related to pregnancy was not signifi cantly increased compared to the general popu-
lation with the exception of those patients with aortic stenosis, coarctation of the 
aorta and TGA [ 14 ]. Preeclampsia occurs more commonly in the same subgroup of 
women [ 14 ].  
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    Lesion-Specifi c Risks 

    Cyanotic Lesions Without Pulmonary Hypertension 

 Cyanotic patients without pulmonary hypertension have a high incidence of spon-
taneous abortion [ 5 ]. This is directly related to degree of maternal systemic oxy-
gen desaturation; pulse oximetry less than 85 % is associated with early miscarriage 
[ 5 ]. At an oxygen saturation between 85 and 90 %, babies are frequently born 
prematurely and small for gestational age. Cyanotic mothers should be instructed 
to rest often as the pregnancy progresses since cyanosis often worsens [ 5 ]. 
Anticoagulation should be considered if there is high thromboembolic risk espe-
cially in association with decreased mobilization. Maternal complications occur 
in one-third of cyanotic women, but these are usually treatable [ 5 ]. The risk of 
having children with cardiac defects is the same as that of women who are acya-
notic [ 5 ].  

    Pulmonary Hypertension 

 Women with signifi cant pulmonary hypertension, regardless of whether they are 
cyanotic (Eisenmenger physiology) or acyanotic, are at a signifi cantly higher risk 
of both maternal and fetal complications and mortality [ 5 ]. Many women experi-
ence miscarriages and all women experience a clinical deterioration compared to 
their pre-pregnancy state. Mortality in women with Eisenmenger syndrome appears 
to be related more to effects on the pulmonary vascular bed rather than thrombo-
embolic events. Babies are very often small for gestational age as well as born 
prematurely [ 5 ]. 

 In Eisenmenger patients, the fall in systemic vascular resistance leads to greater 
shunting and increased cyanosis due to the lack of change in pulmonary vascular 
resistance with resultant worsening heart failure [ 17 ]. In some cases, maternal mor-
tality may be as high as 50 %. Most maternal deaths occur in the fi rst 7 days follow-
ing delivery, despite aggressive therapy [ 17 ]. In general, pregnancy is contraindicated 
in women with severe pulmonary hypertension due to both maternal and fetal mor-
tality risks [ 16 ].  

    Tetralogy of Fallot 

 The majority of women with TOF have undergone complete repair prior to reaching 
adulthood and, if acyanotic, typically have a good prognosis [ 17 ,  22 ]. There is lim-
ited data on pregnancy in the setting of TOF, however, pregnancy is felt to be well 
tolerated for both mother and fetus following a successful repair. Complications 
have been reported in up to as many as 12 % of women with TOF during pregnancy, 
including arrhythmias and heart failure [ 22 ]. In women with unrepaired TOF, surgi-
cal repair is indicated prior to pregnancy [ 22 ].  
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   Aortic Stenosis 

 Women with signifi cant aortic stenosis are also at increased risk during pregnancy. 
Women with a peak systolic gradient across the aortic valve below 60 mmHg tend 
to have no or few problems during pregnancy while women with severe stenosis 
often experience pulmonary edema requiring intervention with diuretics and rest 
[ 5 ]. It is recommended that these patients deliver via caesarian section. Should 
intervention be required prior to completion of pregnancy, surgery is possible with 
acceptable risks as well as potential for interventional percutaneous cardiac proce-
dures [ 5 ]. The risk of aortic dissection, particularly in the setting of a bicuspid aortic 
valve, is increased during pregnancy; aortic dimensions should be measured prior to 
pregnancy as well as during [ 22 ]. Aortic insuffi ciency carries less risk than does 
aortic stenosis due to the fi xed obstruction in stenosis [ 17 ].  

   Coarctation of the Aorta 

 In women with coarctation of the aorta, close observation of blood pressures is needed 
to ensure that pressures are not excessively reduced in the setting of hypertension 
otherwise the risk of miscarriage is signifi cant [ 5 ]. However, in general, pregnancy is 
often well tolerated if repaired prior to pregnancy [ 22 ]. With coarctation of the aorta 
and other conditions associated with aortic pathology there is a small risk of develop-
ing an aortic aneurysm, aortic dissection or aortic rupture during pregnancy [ 5 ].  

   Valve Replacement 

 Women who are status-post mechanical valve replacement require special consider-
ations of management and risk related to anticoagulation during pregnancy. Concern 
of potential teratogenicity during the fi rst trimester as well as bleeding complica-
tions at the end of pregnancy make warfarin use less favorable during these time 
periods [ 5 ]. Moreover, pregnancy confers a prothrombotic state where increases in 
coagulation factors I, VII, VIII, X, a decrease in protein S and an inhibition of fi bri-
nolysis have all been demonstrated. Usual dosing strategies of heparinoids therefore 
may not provide adequate anticoagulation during pregnancy [ 5 ]. Indeed, there are 
case series of prosthetic valve thromboses in pregnant patients treated with low 
molecular weight heparins particularly when anti-Xa levels are not closely moni-
tored. There are also case reports of accelerated disintegration of porcine or bovine 
bioprosthetic valves during pregnancy. Homografts and autografts, on the other 
hand, may be less likely to be affected by pregnancy [ 5 ].  

   Transposition of the Great Arteries 

 In transposition of the great arteries (D-TGA), with a systemic left ventricle follow-
ing arterial switch operation, limited research is available on pregnancy outcomes as 
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this operation has been performed relatively more recent. However, there are no 
major diffi culties anticipated [ 17 ]. Women with a systemic right ventricle, as in con-
genitally corrected (L-) TGA, repaired TGA status post atrial switch operations or 
single right ventricle anatomy, can experience worsening right ventricular function as 
a result of pregnancy and an increased risk of arrhythmias [ 17 ,  22 ]. Pulmonary edema 
ensues but is often treatable with careful management. In certain conditions, cardiac 
function does not recover following pregnancy and may in fact continue to worsen.  

   Single Ventricle Anatomy 

 Women with single ventricular anatomy status post Fontan circulation are reported 
to have good outcomes, although there is increased risk of a thromboembolic event 
as Fontan circulation itself is prothrombotic with its low-fl ow state in addition to the 
state of pregnancy [ 5 ]. However, women with a low resting oxygen saturation, 
decreased ventricular function, signifi cant atrioventricular valve regurgitation or 
with protein-losing enteropathy have a high risk of complication and should be 
counseled against pregnancy [ 22 ].   

    Fetal Risk 

 There is a higher incidence of fetal and neonatal adverse events in pregnant women 
with congenital heart disease compared to the general population, including intra-
uterine growth restriction, prematurity, and mortality [ 15 ]. Poor fetal growth often 
requires early delivery further increasing the issues of prematurity. Mothers with 
ACHD at particular risk of these fetal events are cyanotic CHD and left heart 
obstruction, such as severe aortic stenosis [ 15 ,  17 ]. In the general population, fetal 
mortality is less than 1 %; in women with ACHD, fetal mortality is increased to 4 % 
and as high as 28 % in complex CHD or Eisenmenger physiology [ 14 ]. 

 Also a concern is the inheritable risk. Detailed genetic counseling should be pro-
vided to all women with ACHD who are considering pregnancy. Mothers with ACHD 
have an overall signifi cantly greater risk of having affected offspring compared to 
fathers with ACHD [ 5 ,  15 ,  17 ]. Women with ACHD have as much as four to six times 
the risk of having a fetus with congenital anomalies compared to mothers without 
ACHD. Certain maternal syndromes have as high as a 90 % chance of recurrence, 
such as in Noonan’s syndrome. Other conditions have up to a 50 % chance of trans-
mission to offspring in cases where chromosomal abnormalities are identifi ed, such 
as in patients with ACHD and 22Q11 gene deletion, for example. All pregnancies in 
women with ACHD should be considered for evaluation by fetal echocardiography.   
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    Hormone Therapy 

 A recurring theme is women with ACHD at particularly greater risk during hormone 
therapy include those who are cyanotic, have pulmonary hypertension, are in bor-
derline heart failure, and those with arrhythmias or are prone to developing an 
arrhythmia [ 5 ]. Clomiphene, used in fertility issues, in-vitro fertilization and egg 
harvesting, has been reported to precipitate atrial fi brillation, heart failure and 
worsen cyanosis. Danazol, used in endometriosis, may elicit vomiting and a general 
unwell feeling. Effects of post-menopausal hormonal therapy in patients with 
ACHD remains unknown as women with ACHD are only recently reaching this 
age. However, it does present potential risks of thrombosis and fl uid retention. 
Thyroid disease is an important fi nding in women particularly since amiodarone- 
induced thyrotoxicosis affects women more often than men and should be moni-
tored for in such patients [ 5 ].  

    Lifestyle Differences Between Genders 

 Specifi c lifestyles can have long-term effects on cardiac conditions, both acquired 
and congenital. Women have lifestyle differences compared to men and this is also 
true of women with CHD [ 5 ,  8 ]. Smoking is less common in women with ACHD 
compared to men, as is drug and alcohol abuse. More women with ACHD remain 
single compared with men with ACHD and adults without CHD. There is a higher 
incidence of divorce in women with ACHD compared with men with ACHD. 
Women with ACHD have greater overall health concerns. With respect to appear-
ance, women with ACHD have unique concerns regarding physical immaturity in 
those who have experienced growth delay and abnormal breast development. 
Cyanosis and badly placed or poorly healed scars are often of signifi cant concern to 
women compared to men with ACHD. The development of kyphoscoliosis has both 
appearance concerns and potential adverse effects on cardiorespiratory function. In 
general, scoliosis is more in common in females and is much more so in females 
with ACHD. Obesity, although less commonly seen in ACHD, is more of a concern 
in women than men [ 5 ,  8 ]. 

 As patients with ACHD are aging, concern regarding coronary artery disease 
(CAD) is increasing. In cyanotic patients, coronary arteries are larger than average 
and lead to less acquired CAD than is seen in the general population, although a 
difference between women and men with cyanotic disease has yet to be reported. 
Women in general have an overall lower risk of developing signifi cant obstructive 
coronary disease compared to age-matched men and this is also probably true for 
women with ACHD [ 5 ,  8 ].  
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    Cardiac Surgery Differences Between Genders 

 Unique problems arise in adults with congenital heart disease requiring cardiac 
surgery. For example, conduit replacements may require special modifi cations in 
the presence of associated defects, bypass techniques may need to be modifi ed and 
risk is increased in patient subsets with cyanosis [ 2 ]. In the pediatric population, 
females have a higher in-hospital mortality compared to males undergoing cardiac 
surgery [ 23 ]. Despite adjusting for a larger number of low-risk procedures and a 
lower number of high-risk procedures, females had 50 % higher odds of mortality 
than males. It is unclear as to why this gender difference exists despite no difference 
in surgical approach. 

 The case series by Izquierdo et al. [ 24 ] on heart transplantation in ACHD dem-
onstrates 1-year survival to be 75 % compared to patients with dilated cardiomyopa-
thy and ischemic heart disease, 78 %. The majority of patients undergoing transplant 
were single ventricle anatomy without a Fontan procedure. Half of the cases with 
ACHD were female but no gender-related differences were reported based on the 
small number of patients [ 24 ].  

    Conclusion 

 Adults with CHD have become a new entity in adult medicine and women have 
their own set of mortality and morbidity risks independent of those for men. These 
patients need specialized care by providers who are not only familiar with adult 
medicine, but also with congenital heart disease. Overall, women with ACHD are at 
a lower mortality risk than men possibly related, in part, to a lower prevalence of 
more complex outfl ow defects relative to women. However, in the setting of 
Eisenmenger physiology, younger women have a higher mortality than younger 
men. Morbidity also differs between genders; puberty and hormonal differences are 
thought to play a role in these dissimilarities. 

 Of signifi cant concern in women with ACHD is that of reproductive health and 
pregnancy risks. In the majority of ACHD diagnoses, contraception and pregnancy 
should be approached as normal. In a small subgroup of ACHD, women should be 
counseled and forewarned regarding certain risks and complications. Diagnoses of 
most concern, particularly during pregnancy, are cyanotic lesions, the presence of 
pulmonary hypertension, and/or congestive heart failure, signifi cant aortic pathol-
ogy and prosthetic valves. 

 Women with ACHD require special consideration as they differ from their male 
counterparts. Provider awareness of these differences will benefi t these women and 
most will be able to lead a full life with only a few limitations.     

R.E. Pratt and J. Eichelberger



249

   References 

    1.    Hoffman JI, Kaplan S. The incidence of congenital heart disease. J Am Coll Cardiol. 
2002;39:1890–900.  

     2.    Party BCSW. Grown-up congenital heart (GUCH) disease: current needs and provision of 
service for adolescents and adults with congenital heart disease in the UK. Heart (British 
Cardiac Society). 2002;88 Suppl 1:i1–14.  

                     3.    Verheugt CL, Uiterwaal CS, van der Velde ET, Meijboom FJ, Pieper PG, et al. Gender and 
outcome in adult congenital heart disease. Circulation. 2008;118:26–32.  

    4.    van der Bom T, Bouma BJ, Meijboom FJ, Zwinderman AH, Mulder BJ. The prevalence of 
adult congenital heart disease, results from a systematic review and evidence based  calculation. 
Am Heart J. 2012;164:568–75.  

                                               5.    Somerville J. The Denolin Lecture: the woman with congenital heart disease. Eur Heart J. 
1998;19:1766–75.  

     6.    Samanek M. Boy:girl ratio in children born with different forms of cardiac malformation: a 
population-based study. Pediatr Cardiol. 1994;15:53–7.  

    7.    Verheugt CL, Uiterwaal CS, van der Velde ET, Meijboom FJ, Pieper PG, et al. Mortality in 
adult congenital heart disease. Eur Heart J. 2010;31:1220–9.  

         8.    Engelfriet P, Mulder BJ. Gender differences in adult congenital heart disease. Neth Heart J. 
2009;17:414–7.  

     9.    Duffels MG, Boersma E, Mulder B. Pulmonary arterial hypertension in adults with congenital 
heart disease. Eur Cardiol. 2008;4:86–8.  

        10.    Warnes CA. Sex differences in congenital heart disease: should a woman be more like a man? 
Circulation. 2008;118:3–5.  

     11.    Epstein AE, DiMarco JP, Ellenbogen KA, Estes 3rd NA, Freedman RA, et al. ACC/AHA/HRS 
2008 Guidelines for Device-Based Therapy of Cardiac Rhythm Abnormalities: a report of the 
American College of Cardiology/American Heart Association Task Force on Practice 
Guidelines (Writing Committee to Revise the ACC/AHA/NASPE 2002 Guideline Update for 
Implantation of Cardiac Pacemakers and Antiarrhythmia Devices) developed in collaboration 
with the American Association for Thoracic Surgery and Society of Thoracic Surgeons. J Am 
Coll Cardiol. 2008;51:e1–62.  

     12.    Tracy CM, Epstein AE, DiMarco JP, Estes 3rd NA, Hammil SC, et al. ACCF/AHA/HRS 
Focused Update of the 2008 Guidelines for Device-Based Therapy of Cardiac Rhythm 
Abnormalities: a report of the American College of Cardiology Foundation/American Heart 
Association Task Force on Practice Guidelines developed in collaboration with the American 
Association for Thoracic Surgery, Heart Failure Society of America, and Society of Thoracic 
Surgeons. J Am Coll Cardiol. 2012;60:1297–1313.  

     13.    Kaemmerer M, Vigl M, Seifert-Klauss V, Nagdyman N, Bauer U, et al. Counseling reproduc-
tive health issues in women with congenital heart disease. Clin Res Cardiol. 2012;101:901–7.  

                    14.    Drenthen W, Pieper PG, Roos-Hesselink JW, van Lottum WA, Voors AA, et al. Outcome of 
pregnancy in women with congenital heart disease: a literature review. J Am Coll Cardiol. 
2007;49:2303–11.  

                   15.    Uebing A, Steer PJ, Yentis SM, Gatzoulis MA. Pregnancy and congenital heart disease. BMJ. 
2006;332:401–6.  

       16.    Warnes CA, Williams RG, Bashore TM, Child JS, Connolly HM, et al. ACC/AHA 2008 
Guidelines for the Management of Adults with Congenital Heart Disease: Executive Summary: 
a report of the American College of Cardiology/American Heart Association Task Force on 
Practice Guidelines (writing committee to develop guidelines for the management of adults 
with congenital heart disease). Circulation. 2008;118:2395–451.  

11 Women with Adult Congenital Heart Disease



250

                 17.    Broberg CS, Yentis SM, Steer PJ, Gatzoulis MA. Women and congenital heart disease. Wenger 
N, Collins P, editors. Women and heart disease. London/New York: Taylor & Francis; 2005. p. 
455–71.  

      18.    Colman JM, Siu SC. Pregnancy in adult patients with congenital heart disease. Prog Pediatr 
Cardiol. 2003;17:53–60.  

     19.    Bowater SE, Thorne SA. Management of pregnancy in women with acquired and congenital 
heart disease. Postgrad Med J. 2010;86:100–5.  

    20.    Stout K. Pregnancy in women with congenital heart disease: the importance of evaluation and 
counselling. Heart (British Cardiac Society). 2005;91:713–4.  

    21.    Khairy P, Ouyang DW, Fernandes SM, Lee-Parritz A, Economy KE, Landzberg MJ. Pregnancy 
outcomes in women with congenital heart disease. Circulation. 2006;113:517–24.  

            22.   European Society of Gynecology, Association for European Paediatric Cardiology, German 
Society for Gender Medicine, Authors/Task Force M, Regitz-Zagrosek V, et al. ESC Guidelines 
on the management of cardiovascular diseases during pregnancy: the Task Force on the 
Management of Cardiovascular Diseases during Pregnancy of the European Society of 
Cardiology (ESC). Eur Heart J. 2011;32:3147–97.  

    23.    Chang RK, Chen AY, Klitzner TS. Female sex as a risk factor for in-hospital mortality among 
children undergoing cardiac surgery. Circulation. 2002;106:1514–22.  

     24.    Izquierdo MT, Almenar L, Martinez-Dolz L, Moro J, Aguero J, et al. Mortality after heart 
transplantation in adults with congenital heart disease: a single-center experience. Transplant 
Proc. 2007;39:2357–9.    

R.E. Pratt and J. Eichelberger



251H.Z. Mieszczanska, G.P. Velarde (eds.), 
Management of Cardiovascular Disease in Women, 
DOI 10.1007/978-1-4471-5517-1_12, © Springer-Verlag London 2014

           Overview 

 Hypertension affects nearly a billion people world-wide with more than 67 million 
of them diagnosed in the United States [ 1 ]. Known colloquially as the “silent killer,” 
hypertension, along with obesity, hyperlipidemia, and diabetes, contributes to the 
development of cardiovascular, cerebrovascular, and renal disease. With nearly one 
in three Americans diagnosed with hypertension, increased responsibility has been 
placed upon medical providers to appropriately diagnose and treat the disease. In 
women, studies have supported they are generally more aware of their diagnosis 
when compared to men, and similarly treated with similar control [ 2 ]. Most con-
cerning, however, is the underdiagnosis of hypertension in the primary care setting, 
with fi ndings suggesting that less than 33 % of new cases of hypertension in women 
are appropriately diagnosed [ 3 ]. The goal of this chapter is to review the diagnosis, 
treatment, and special considerations present in women with hypertension. 
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    Defi nitions, Terms, and Classifi cations (Table  12.1 ) 

        Practical Points in Diagnosis and Treatment 

    Epidemiological Differences Between Women and Men 

 Differences in blood pressure between the sexes exist bimodally in adulthood and in 
later age. In early adulthood men generally have higher systolic blood pressures, 
while in later age women’s pressures are higher starting at age 60 [ 1 ]. Women typi-
cally are less hypertensive than men until age 50, where at that age the incidence of 
newly diagnosed hypertension in women exceeds that of men. Older African- 
American women above the age of 75 years are the most prevalent hypertensives, 
with 75 % of them diagnosed by this age. Again, women are thought to be more 
aware of their hypertension diagnosis than men, and have it treated and better con-
trolled (according to NHANES III data). This is possibly due to more doctor 
encounters and primary care opportunities in women [ 1 ]. There is also an increased 
incidence of diastolic dysfunction and diastolic heart failure in women, especially 
older women greater than 70 years, when compared to men. Diastolic dysfunction 
occurs when there is impaired relaxation of the left ventricle, and when fully devel-
oped can lead to diastolic heart failure, or heart failure with preserved ejection frac-
tion. Older women greatly outnumber men in diastolic heart failure, and they have 
higher rates of hypertension pre-diagnosis. Older women who develop diastolic 
heart failure with preserved ejection fraction have also higher rates of hypertension 
than women without diastolic failure, and less incidence of myocardial infarction 
than do patients with systolic heart failure [ 4 ].    

    Diagnosis 

 The diagnosis of hypertension in men and women is the same. Table  12.1  shows the 
classifi cation of blood pressure according to The Seventh Report of the Joint 
National Committee on Prevention, Detection, Evaluation and Treatment of High 
Blood pressure (JNC-7). Hypertension is appropriately diagnosed after two 

   Table 12.1    Classifi cation of 
blood pressure  

 BP classifi cation  SBP (mmHg)  DBP (mmHg) 

 Normal  <120  and <80 
 Prehypertension  120–139  or 80–89 
 Stage 1 hypertension  140–159  or 90–99 
 Stage 2 hypertension  >160  or >100 

   Source : National Heart, Lung, and Blood Institute; 
National Institutes of Health; U.S. Department of Health 
and Human Services [ 2 ]  
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separate blood pressure readings in the seated position after two or more separate 
offi ce visits. The inclusion of a “prehypertensive” category, defi ned as a systolic 
blood pressure of 120–139 mmHg or diastolic blood pressure of 80–89 mmHg was 
created to support targeted lifestyle interventions in this group to avoid escalation 
in the blood pressure to hypertensive levels in the future. Unless other indications 
are present to prompt treatment to lower the blood pressure (other risk factors such 
as diabetes or evidence of target organ damage such as chronic renal insuffi ciency), 
the prehypertensive category is useful to encourage providers to prescribe exercise 
and additional lifestyle modifi cations such as weight loss and diet modifi cation that 
may be warranted at that point. In women, review of additional contributors, such 
as oral contraceptive therapy in younger women or hormonal therapy in perimeno-
pausal women, should be discussed should evidence of prehypertension be found. 

 Ideally, measurement of blood pressure should involve both right and left arms 
to evaluate for any signifi cant discrepancies between the two which may herald a 
larger problem such as vascular stenosis or aortic coarctation. When using a manual 
cuff, care should be taken to ensure the right size is used (the cuff bladder itself 
should encircle 80 % of the arm). 

 Thorough history and physical examination should follow with careful search 
for identifi able reversible causes of secondary hypertension. In women in particular 
these may include Cushingoid features suggestive of glucocorticoid excess, vari-
able extremity blood pressures indicative of possible coarctation of the aorta, obe-
sity with increased neck girth and fatigue or daytime somnolence suggestive of 
obstructive sleep apnea. Young women less than 35 years of age with resistant 
hypertension should be screened for renovascular hypertension/fi bromuscular dys-
plasia with ultrasound of the renal arteries. Occult hypertension in the morbidly 
obese young woman could suggest a diagnosis of polycystic ovarian syndrome. 
Again, in young women consideration should be given to the use of oral contracep-
tives and elevated blood pressure readings. Women are more predisposed to devel-
oping certain rheumatologic and collagen vascular disorders including systemic 
sclerosis and systemic lupus which in themselves can promote hypertension. Other 
etiologies of secondary hypertension include untreated pheochromocytoma and 
thyroid disease, which should be considered based on clinical presentation. 

 Basic laboratory tests and procedures that are recommended after a diagnosis of 
hypertension is made include the 12-lead electrocardiogram to evaluate for pres-
ence of left ventricular hypertrophy or atrial enlargement which would suggest 
long-standing hypertension, urinalysis to evaluate for proteinuria and intrinsic 
renal dysfunction from hypertension, basic metabolic profi le with glomerular fi ltra-
tion rate (GFR) to evaluate electrolytes and renal involvement, and routine lipid 
screening. Additional studies may be warranted should there be suspicion of the 
reversible causes described above (sleep study, thyroid secreting hormone (TSH), 
plasma metanephrines, renal ultrasound, cortisol levels, etc). There is some evi-
dence that elevated C-reactive protein (CRP) in women with no other risk factors is 
associated with a higher cardiovascular event rate but in isolation its clinical utility 
remains unclear.  
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    Treatment 

 Once the diagnosis of hypertension is made, treatment of hypertension for women 
is essentially the same as that for men with the exception of the consideration of 
current reproductive goals. Care should be taken with determining where the woman 
is in terms of family planning and discussion of birth control should always be 
included if angiotensin converting enzyme (ACE) inhibitors or angiotensin- receptor 
blockers (ARBs) are being considered. ACE inhibitors and ARBs should be avoided 
in women actively planning a pregnancy or in women who are not reliably using 
birth control or similarly effective anti-contraceptive modalities. 

 Recent data shows that both the diagnosis and treatment of hypertension is sub-
optimal. In 2010, only 47 % of Americans with hypertension reported theirs as 
controlled, an actual increase from 29 % 10 years prior (NHANES study data). 
Women are more likely than men to report their blood pressure as being controlled 
(approximately 51 % compared to 43 %). Certain sub-populations, including the 
elderly, diabetic, those with chronic kidney disease, and African-Americans have 
higher rates of having treated, but uncontrolled, hypertension [ 5 ]. 

 Overall trial data shows no difference between different antihypertensive classes 
in terms of effect on outcomes in women when compared to men. The Seventh 
Report of the Joint National Committee on Prevention, Detection, Evaluation and 
Treatment of High Blood pressure (JNC-7) provides a step-wise method of therapy 
(see Fig.  12.1 ), beginning with lifestyle modifi cations including a balanced, low salt 
(2.4 g of sodium) and low fat diet, weight loss, smoking cessation, reduced alcohol 
intake, and exercise. Initial treatment goals are that of a systolic blood pressure 
(SBP) of less than 140 or 130 mmHg if the patient is diabetic or with renal insuffi -
ciency. Thiazide diuretics typically are fi rst-line in therapy, with use of 12.5–25 mg 
of hydrochlorothiazide or even chlorthalidone (see Table  12.2 ). Should the patient 
have diabetes or chronic kidney disease, an ACE inhibitor or an ARB should be 
utilized with close monitoring of electrolytes and renal function to ensure stability 
in the fi rst few weeks. Those with stage 2 hypertension (≥ 160/100) or above should 
be treated initially with two antihypertensives. A diagnosis of congestive heart fail-
ure or coronary disease warrants using ACE inhibitors and adding beta-blockers 
should blood pressure allow.

        Special Considerations 

    Pregnancy 

 The diagnosis of hypertension during pregnancy, whether chronic or gestational, is 
associated with fetal growth restriction, preterm birth, still birth, and pre-eclampsia. 
Different defi nitions of hypertension in pregnancy exist, including that of chronic 
hypertension, which is defi ned as hypertension present and observed prior to 
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Lifestyle modifications

Not at goal blood pressure (<140/90 or 
<130/80 mmHg for diabetics or those with 

chronic kidney disease

Initial Drug Choices

Without Compelling 
Indications

With Compelling 
Indications

Stage 1 hypertension

(SBP 140-159 or DBP 90-
99 mmHg)

Thiazide diuretics for 
most.May consider 

ACEI, ARB, BB, CCB or 
combination

Stage 2 
Hypertension

(SBP ≥160 or 
DBP≥100 mmHg)

Two-drug 
combination for 
most (usually 
thiazide-type 

diuretic and ACEI) 
or ARB, or BB, or 

CCB

Drug(s) for the compelling 
indications

(HF, MI/CAD, DM, CKD, high 
risk for CAD) include BB, ACEI 

or ARBs, diuretics

Other antihypertensives as 
needed

Not at goal blood pressure

Increase dosages or add additional 
antihypertensives until blood pressure 
achieved. Consider consultation with 

hypertension specialist. 

  Fig. 12.1    Treatment Algorithm – JNC 7 ( Source : National Heart, Lung, and Blood Institute; 
National Institutes of Health; U.S. Department of Health and Human Services [ 2 ]).  ACEI  
Angiotensin converting enzyme ( ACE ) inhibitor,  ARB  angiotensin receptor blocker,  BB  beta 
blocker,  CCB  calcium channel blocker,  SBP  systolic blood pressure,  DBP  diastolic blood pressure, 
 HF  heart failure,  MI  myocardial infarction,  CAD  coronary artery disease,  DM  diabetes mellitus, 
 CKD  chronic kidney disease       

pregnancy or that which is diagnosed before the 20th week. Hypertension that is 
diagnosed during pregnancy and does not go away after delivery of the baby is also 
termed chronic hypertension. Chronic hypertension is more common in older 
women and African-American women. Gestational hypertension is defi ned as tran-
sient hypertension during pregnancy should pre-eclampsia not be present and if 
blood pressure stabilizes once the baby is delivered or by 12 weeks post-partum. 
Pre-eclampsia is defi ned by increased blood pressure of greater than 140/90 mmHg 
with proteinuria of greater than or equal to 0.3 g of protein in a 24 h collection. 
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Without proteinuria, pre-eclampsia is still entertained should the woman develop 
headache, blurry vision, abdominal pain, elevation in liver enzymes, or thrombocy-
topenia. Pre-eclampsia can progress to development of eclampsia once seizures 
develop [ 6 ]. 

 Women who become pregnant with severely elevated, uncontrolled hypertension 
are at risk for superimposed pre-eclampsia, increased morbidity including left ven-
tricular dysfunction, pulmonary edema, encephalopathy, cerebral hemorrhage, 
acute renal failure, placental abruption, and risk of death. Severe elevations should 
be evaluated and treated as an inpatient. Young women less than 30 years of age 
presenting with systolic blood pressure greater than 160 mmHg, or hypertensive 
crisis with anxiety symptoms should be evaluated with 24 h catecholamines which 
provide greater sensitivity and specifi city than plasma metanephrine levels for 
potentially fatal pheochromocytoma during pregnancy, which carries a risk as high 
as 58 % to the mother and 56 % to the fetus, making early diagnosis critical. 

   Table 12.2    Oral antihypertensive drugs – JNC −7   

 Class  Drug (trade name) 
 Usual dose range 
(mg/day) 

 Usual daily 
frequency 

 Thiazide diuretics  HCTZ  12.5–25  1 
 Chlorthalidone  12.5–25  1 

 BBs  Atenolol (Tenormin)  25–100  1 
 Bisoprolol (Zebeta)  2.5–10  1 
 Metoprolol (Lopressor)  50–100  2 
 Metoprolol XL (Toprol XL)  50–100  1 

 Combined α and BBs  Carvedilol (Coreg)  12.52–50  2 
 Labetalol (Normodyne)  200–300  2 

 ACE-I  Benazepril (Lotensin)  10–40  1 
 Captopril (Capoten)  25–100  1 
 Enalapril (Vasotec)  5–40  1 
 Lisinopril (Zestril)  10–40  1 
 Quinapril (Accupril)  10–80  1 
 Ramipril (Altace)  2.5–20  1 

 ARBs  Irbesartan (Avapro)  150–300  1 
 Losartan (Cozaar)  25–100  1–2 
 Olmesartan (Benicar)  20–40  1 
 Telmisartan (Micardis)  20–80  1 
 Valsartan (Diovan)  80–320  1–2 

 CCBs  Amlodipine (Norvasc)  2.5–10  1 
 Nicardipine SR (Cardene SR)  60–120  2 
 Nifedipine (Adalat, Procardia)  30–60  1 

 α agonists  Clonidine (Catapres)  0.1–0.8  2 
 Clonidine patch  0.1–0.3  weekly 
 Methyldopa  250–1000  2 

 Direct vasodilators  Hydralazine (Apresoline)  25–100  2 
 Minoxidil  2.5–80  1–2 

   Source : National Heart, Lung, and Blood Institute; National Institutes of Health; U.S. Department 
of Health and Human Services [ 2 ]  
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The aforementioned screening for renal artery stenosis, thyroid dysfunction, gluco-
corticoid excess or Cushings syndrome, or mineralcorticoid excess can be done as 
well. Primary aldosteronism is not recommended to be screened in pregnancy due 
to elevated levels of the hormone that naturally occur in the gravid state. Aldosterone 
and renin levels can be checked 6 weeks post-partum. Patients with history of long- 
standing hypertension without prior evaluation or treatment before pregnancy 
should have routine electrocardiogram, echocardiogram, and work up for other end- 
organ dysfunction such as renal injury or retinopathy [ 6 ]. 

 Treatment of hypertension during pregnancy should occur when elevated greater 
than 160/110 mmHg with debate existing at levels less than this. Mild chronic hyper-
tension (less than 160/110 mmHg) treated in pregnancy has been studied without 
improvement in preterm deliveries, mortality, or reduced incidence in superimposed 
pre-eclampsia. There was also some association between decreased birth weight and 
treatment of mild chronic hypertension, with a reduction in weight by 145 g with 
every 10 mm of mercury drop in mean arterial pressure [ 7 ]. Most pregnancies go 
uncomplicated should blood pressure remain mildly elevated without superimposed 
pre-eclampsia. When treatment is needed for elevation greater than 160/110 mmHg 
or by clinical discretion from the obstetrician, fi rst-line therapy usually includes 
administration of methylodopa, which has the largest literature base and safety data, 
or labetalol (See Tables  12.3  and  12.4 ) [ 8 ]. Nifedipine is also commonly used. Care 
must be taken to screen for depression or history of depression prior to starting meth-
yldopa as it can be associated with post-natal depression. For this reason it is com-
monly changed to another agent (e.g. labetalol, atenolol, nifedipine) after delivery [ 9 ]. 
Up to 5 % of methyldopa users have elevations in liver transaminases and can have 
Coombs positivity with hemolytic anemia being rare [ 9 ]. Earlier reports showed an 
association between atenolol and babies being born small for gestational age [ 10 ]. 
ACE inhibitors and ARBs are thoroughly avoided given their association with 

   Table 12.3    Oral antihypertensives during pregnancy   

 Name  Starting dose  Max dose in 24 h 
 Onset of 
action 

 Mechanism of 
action  Breastfeeding 

 Methyldopa  250 mg BID  4 g  2 days  Central alpha 2 
adrenergic 
agonist 

 Safe a  

 Labetalol  100 mg BID  2400 mg  2–3 days  Alpha and beta 
blocker 

 Safe 

 Nifedipine XL  30 mg daily  120 mg daily  7–14 days  Ca channel 
blocker 

 Safe 

 HCTZ  12.5 mg daily  50 mg, ideally 
only 25 mg 

 2–3 week  Diuretic b   No adequate 
studies, may 
reduce milk 
supply 

  Adapted from Ames et al. [ 6 ] 
  a Avoid with history of depression, usually changed at delivery due to association with post partum 
depression 
  b See text for considerations prior to use  
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   Table 12.4    Intravenous antihypertensives to use for emergencies during pregnancy   

 Name  Dose 
 Activity time 
(min) 

 Mechanism of 
action  Side effects 

 Labetalol  20–40 mg IV every 
30 min as needed 

 2–4  Alpha and beta 
blocker 

 Tremulousness, 
headache 

 Hydralazine  10 mg IV every 2 h as 
needed 

 20–30  Direct vasodilator  Lupus-like 
syndrome with 
chronic use 

 Diazoxide  30–50 mg IV every 
5–15 min 

 2–4  Direct vasodilator  Hypotension, 
hypoglycemia 

 Nitroprusside 
drip 

 0.25–5 μg/kg/min  1–2  Direct vasodilator  Hypotension, 
cyanide toxicity 
if used >4 h, 
dose with 
pharmacist 

  Modifi ed from Yoder et al. [ 8 ]  

cardiac and CNS defects in the fi rst trimester and growth restriction, oligohydram-
nios, fetal renal failure and renal tubular dysplasia, pulmonary hypoplasia, hypocal-
varia (incomplete ossifi cation of the skull) and still birth in second and third trimester 
exposure [ 6 ,  9 ]. Should severely elevated blood pressure fail to be controlled by a 
single agent, additional ones can be added and slowly titrated for desired goal. 
Careful avoidance of diuretics is often done, although study data has demonstrated 
use of thiazides without difference in outcomes. The risk-benefi t of decreased intra-
vascular volume should be taken into account and use in known fetal growth restric-
tion or preeclampsia is generally discouraged. Delivery is usually guided by presence 
of hypertension, clinical circumstances, and the judgment of the obstetrician. With 
severe hypertension the recommended time of delivery is usually shorter at 36–37 
weeks (compared to normal 38–39 weeks) and superimposed pre-eclampsia with it 
moves delivery often to 34 weeks. Risk of hypertension is increased for subsequent 
pregnancies, and risk of developing hypertension later in life is also elevated. For 
instance, a fi rst pregnancy complicated with gestational hypertension has a risk of 
70 % to have a recurrent hypertensive disorder in the second pregnancy [ 6 ]. Care 
should be taken for regular blood pressure follow up by the involved primary care 
physician and referral for management of target organ damage if detected. For breast 
feeding, several anti- hypertensives are usable although some, such as ACE-inhibitors 
enalapril and captopril, require the woman to use strict birth control to avoid preg-
nancy and the aforementioned fetal side effects (see Table  12.5 ).

         Oral Contraceptives 

 Women on oral contraceptives should be routinely screened for occult hypertension 
by their primary care providers on routine offi ce visit examinations, particularly when 
other factors such as obesity and strong family history of hypertension are present. 
Should they become hypertensive on oral contraceptive therapy consideration to 
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switching the class of oral contraceptive can be made and blood pressure resolution 
followed accordingly. Should blood pressure remain elevated cessation of the oral 
contraceptive with institution of alternative form of birth control is recommended.  

    Renal Fibromuscular Dysplasia 

 A rare condition, renal fi bromuscular dysplasia should be entertained in young 
women (age <35 years) who present with either isolated hypertension or 
 hypertension that is refractory to medications. This disease disproportionately 
affects women more so than men, and although rare it is easily treatable with 
 balloon angioplasty (without stenting) in the hypertensive woman. Interestingly, 
fi bromuscular dysplasia can affect any artery, with the most common being the 
renal arteries followed by the carotids. Those with carotid disease usually  present 
in their mid- fi fties with either an asymptomatic carotid bruit or if symptomatic with 
stroke. If renal fi bromuscular dysplasia is suspected in a young woman,  diagnosis 
involves careful examination which may reveal an abdominal bruit with both a 
systolic and diastolic component (refl ecting fi bromuscular disease with  stenosis). 
Duplex ultrasound of the renal arteries should be ordered with special attention 
noted to request evaluation of the middle and distal renal arteries as these are 
most affected by the disease. Up to a third of patients can have both renal  arteries 
involved. Therapy is usually reserved for those with hypertension, hypertension 
refractory to medication, those with evidence of renal impairment, and those with 
medication non-compliance or intolerance. Treatment consists of angioplasty 
alone without stenting although some cases rarely involve renal macroaneurysms 
that can be treated surgically. Evaluation post angioplasty with duplex ultrasound 
is usually recommended to ensure resolution of stenosis with repeat angioplasty 
recommended should evidence of it remain [ 11 ].  

   Table 12.5    Hypertensives compatible with breast feeding   

 Labetalol 
 Nifedipine 
 Enalapril/captopril (avoid if planning another pregnancy or if not using birth control method 

reliably) 
 Hydrochlorothiazide 
 Verapamil 
 Methyldopa 
 Hydralazine 
 Minoxidil 
 Nadolol 
 Oxprenolol 
 Propranolol 
 Timolol 
 Diltiazem (weak antihypertensive effect) 
 Spironolactone (weak antihypertensive effect) 

  Modifi ed from Yoder et al. [ 8 ]  
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    Menopause 

 Women after the age of 60 demonstrate greater risk in developing hypertension than 
their male counterparts as previously reviewed. Care should be taken for prompt 
recognition and treatment in the newly hypertensive woman, and often providers 
will hear that the patient has never had hypertension before and how this elevation 
is new for them. A new diagnosis of hypertension may ensue due to the patients age 
and onset of menopause with decline in the cardioprotective effect of estrogen. 
Vigilant monitoring, which can be done at home by the patient, should ensue and 
hypertension appropriately treated if it persists.  

    Obesity 

 The obesity epidemic, especially in the United States, has grown to overwhelming 
proportions. Estimates from the CDC show that 35 % of Americans in the year 2009–
2010 were obese, affecting an alarming 78 million adults. Obesity is defi ned as having 
a body mass index (BMI) of greater than or equal to 30, with calculation of BMI being 
the patients weight in kilograms divided by their height in meters squared and rounded 
off to the nearest decimal point. Several studies support direct correlation between 
increased BMI and increased blood pressure. Of the obese in the United States, there 
is a current trend of more women being obese than men (40.6 % versus 37.5 % in the 
year 2009–2010) (see Fig.  12.2 ). Over the past 10 years, however, the percentage of 
obese women in the US has changed insignifi cantly (33.4 % in 1999–2000 versus 
35.8 % in 2009–2010), in comparison to men who have increased in their percentage 
of being obese (27.5–35.5 % respectively) [ 12 ]. Although often not included in rou-
tine assessment and plans, vigilance in diagnosing and counseling women with an 
elevated BMI has documented benefi t in reduction of blood pressure.

       Obstructive Sleep Apnea 

 Obstructive sleep apnea is characterized by multiple nocturnal episodes of upper 
airway obstruction or occlusion which results in oxyhemoglobin desaturation, cen-
tral nervous system hyperarousal, and swings in intrathoracic pressure. These phe-
nomena, along with peripheral vasoconstriction and infl ammation result in 
secondary hypertension, which often goes untreated due to lack of diagnosis [ 13 ]. 
Sleep apnea is diagnosed two to three times more in men than in women, but simi-
larly women may have deleterious effects including uncontrolled hypertension and 
symptoms of daytime somnolence [ 13 ]. Women are thought to have less rates of 
sleep apnea than men due to carrying their obesity in the lower parts of their bodies 
rather than their upper airways and chest [ 14 ,  15 ]. Given similar BMIs men will 
have more severe and more frequent rates of sleep apnea than women [ 15 ]. Women 
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with polycystic ovarian syndrome (PCOS) also have higher rates of obstructive 
sleep apnea even when BMI is adequately controlled [ 16 ]. 

 Women are thought to present with less classic symptoms of sleep apnea. Rather 
than the typical somnolence and nighttime snoring, women can present with insom-
nia, morning headaches, chronic fatigue, and variations in mood [ 17 ]. Treatment of 
obstructive sleep apnea consists of continuous positive airway pressure (CPAP) 
therapy overnight to reduce the incidence of apnea and is superior to placebo or 
supplemental oxygen alone. On average, treatment with CPAP therapy has been 
shown in several small trials and meta-analyses to reduce mean blood pressure a 
mere 1.5–2 mmHg from baseline in both normotensive and hypertensive individu-
als. There was a correlation between the severity of sleep disordered breathing, 
increase in the mean systolic and diastolic blood pressure, and prevalence of hyper-
tension, but this correlation weakened when obesity was used in a multi-variate 
analysis [ 18 ,  19 ].   

    Summary 

•     Hypertension is a highly prevalent disease in women, which can be successfully 
treated to prevent cardiovascular morbidity and mortality.  

•   Diastolic heart failure is more common in older women over the age of 70. Many 
of them have a prior diagnosis of hypertension.  
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  Fig. 12.2    Percentage trends in the prevalence of obesity in the United States in adults >20 years 
from 1999 to 2010 (Adapted from CDC/NCHS, National Health and Nutrition Examination 
Survey, 2009–2010)       
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•   Work up includes determining if there is essential hypertension, hypertension 
due to secondary causes, and end organ damage. Therapy depends on which of 
these is diagnosed.  

•   Most individuals require 2 plus antihypertensives for adequate control.  
•   Pregnant women with hypertension prior to pregnancy have increased morbidity, 

mortality, and risk of fetal complications. A team approach between obstetrics, 
primary care, and cardiology is optimal in treating hypertension in pregnancy.  

•   First-line agents for treatment during pregnancy are methyldopa, labetalol, and 
nifedipine. After delivery methyldopa is usually exchanged due to risk of peri- 
partum depression and another agent (atenolol, HCTZ, labetalol, nifedipine, 
 captopril/enalapril if not planning another pregnancy) is started.  

•   Renal fi bromuscular dysplasia should be considered in hypertensive young 
women under the age of 35 with isolated hypertension or hypertension refractory 
to medications. Work up consists of renal duplex ultrasound with special atten-
tion to the mid and distal renal arteries. Treatment consists of renal artery angio-
plasty, not stenting.  

•   Increasing rates of obesity and sedentary lifestyles contribute to the rising hyper-
tension prevalence in women. Care should be taken to provide counseling for 
obesity, diet, and appropriate exercise as integral parts of hypertension 
treatment.  

•   Obstructive sleep apnea, although less common in women, is a secondary cause 
of hypertension that often presents in women with non-classic symptoms such as 
insomnia, irritability, and fatigue. Treatment involves use of CPAP therapy.        
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           Introduction 

 Over 12.6 million of women over the age of 20 in the United States have either 
diagnosed or undiagnosed diabetes mellitus. The overwhelming majority (>90 %) 
of these cases are type 2 diabetes mellitus, related to overall insulin resistance and 
eventual abnormal insulin secretion. In comparison, type 1 diabetes mellitus affects 
only 5 % of diabetics [ 1 ]. Surprisingly, women with the diagnosis of diabetes bear 
higher mortality when affl icted with coronary artery disease than their male coun-
terparts, negating the premise that female gender offers cardio-protection [ 2 – 4 ]. 
The metabolic syndrome also confers worse outcomes for women with increased 
morbidity and cardiovascular mortality in those affected, even after controlling for 
other risk factors. This chapter will review the epidemiological impact of both the 
metabolic syndrome and diabetes in women’s heart disease and review important 
aspects of early diagnosis, medical and life-style modifying, goal-directed therapy 
to avoid increased morbidity.  
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    Epidemiology 

    The Ominous Epilogue: Metabolic Syndrome in Women 

 The increasing rates of obesity and sedentary lifestyle are the leading causes for the 
development of the metabolic syndrome, the ominous predecessor to type 2 diabe-
tes mellitus. Currently more than 47 million Americans are estimated to have the 
metabolic syndrome in the United States. 

 More than 80 % of individuals considered obese (BMI >30 Kg/m 2 ) develop the 
metabolic syndrome prior to developing diabetes mellitus. More than 80 % of those 
newly diagnosed with type 2 diabetes mellitus had the metabolic syndrome prior to 
their diagnosis, and of them a signifi cant majority are women more so than men 
(89.9 % versus 78.2 %; p < 0.001) [ 5 ]. The metabolic syndrome, even when adjusted 
for traditional risk factors, independently confers at least a 1.5 fold increase in car-
diovascular disease and all-cause mortality, a twofold increase in cardiovascular 
events, and a fi vefold increase in developing overt diabetes mellitus. Despite having 
similar age-adjusted prevalence (women 23 % vs. men 24 %), women with meta-
bolic syndrome have a higher cardiovascular disease risk than men. In the San 
Antonio Heart Study, when using the Third Report of the National Cholesterol 
Education Program Adult Treatment Panel (ATP III) defi nition of metabolic syn-
drome (Table  13.1 ) to predict cardiac mortality, the hazard ratios for women were 
4.65 (95 % CI 2.35–9.21) and in men 1.82 (95 % CI 1.14–2.91) [ 7 ,  8 ]. This increased 
gender risk was also found in the Atherosclerosis Risk in Communities (ARIC) 
study, which showed hazard ratios of 2.05 (95 % CI 1.59–2.64) in women compared 
to 1.46 (95 % CI 1.23–1.74) in men (shown in Fig.  13.1 ) [ 7 ,  9 ].

    There have been a number of defi nitions of the metabolic syndrome since fi rst 
described by Reaven in 1988 [ 10 ]. The metabolic syndrome was termed then 
“Syndrome X” after dyslipidemia, hypertension, and hyperglycemia were found to be 
strongly associated with development of overt diabetes and future cardiovascular dis-
ease. Due to the high prevalence of relative insulin resistance observed in these 

    Table 13.1    ATP III clinical identifi cation of the metabolic syndrome   

 Risk factor  Defi ning level 

 Abdominal obesity, given as waist 
circumference 

  Men  >102 cm (>40 in.) 
  Women  >88 cm (>35 in.) 
 Triglycerides  ≥150 mg/dL 
 HDL cholesterol 
  Men  <40 mg/dL 
  Women  <50 mg/dL 
 Blood pressure  ≥130/≥85 mmHg 
 Fasting glucose  ≥110 mg/dL 

  Adapted from Grundy et al. [ 6 ]  
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individuals, the term ‘Insulin Resistance Syndrome’ emerged, which was then 
 followed by the term ‘metabolic syndrome’ now commonly adopted. The defi nition 
most widely used in studies and clinical practice is one recommended by the ATP III 
[ 6 ] where the syndrome is defi ned by having at least three of the following (Table  13.1 ):

•    Abdominal obesity (>40 in. (102 cm) in men or >35 in. (88 cm) in women)  
•   High triglycerides (≥150 mg/dl)  
•   Low HDL cholesterol (<40 mg/dl in men or <50 mg/dl in women)  
•   Elevated blood pressure (≥130/85 mmHg)  
•   Impaired fasting plasma glucose (≥110 mg/dl)    

 In addition to the development of cardiovascular disease and diabetes, the meta-
bolic syndrome is associated with polycystic ovarian syndrome, hepatosteatosis, 
asthma, cholesterol gallstones, and some cancers [ 11 ]. 

 It is well-documented that the metabolic syndrome affects women of ethnic 
minority groups disproportionately. Caucasian men and women seemingly have 
nearly the same rates, whereas within African Americans, women have a 57 % 
higher prevalence than African American men and within Mexican Americans 
women have a 26 % higher prevalence than Mexican-American men (Fig.  13.2 ) 
[ 12 ]. Independent of ethnicity, it appears that the prevalence of metabolic syndrome 
is increasing more in women than in men [ 6 ]. According to the National Health and 
Nutrition Examination Survey data from 1988 to 1994 compared to data from 1999 
to 2000, the age-adjusted prevalence in metabolic syndrome in women increased by 
nearly 24 % compared to 2 % in men [ 7 ,  12 ]. The increased prevalence of metabolic 
syndrome in women is thought to be due to their increasing rates of hypertension, 
central obesity and elevated triglycerides. These individual risk factors and compo-
nents of metabolic syndrome appear to be increasing in higher rates in women com-
pared to men [ 7 ,  12 – 14 ]. Increased waist circumference, independent of BMI, 
increases the risk of developing metabolic syndrome in women more than men. In 
the San Antonio Heart Study participants with a BMI ≥30 kg/m 2  versus those with 
a BMI < 25 kg/m 2 , men had an odds ratio of developing metabolic syndrome of 3.7 
compared to 8.3 in women [ 8 ]. With higher waist circumference the fi ndings are 
similar. For waist circumferences greater than 102 cm in men or greater than 88 cm 
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Components of the ATP III Metabolic  Syndrome

  Fig. 13.1    Hazard ratios for 
cardiovascular disease  
according to gender and 
number of components of the 
MBS in the Atherosclesosis 
Risk in Communities (ARIC) 
study.       
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in women the odds ratio for developing metabolic syndrome in men was 2.8 and 
much higher at 5.9 in women [ 7 ,  8 ]. Several meta-analysis have shown increased 
rates of cardiovascular events and death in both sexes with metabolic syndrome, 
with worsened hazard ratios in those studies done solely in women (see 
Figs.  13.3  and  13.4 ) [ 14 ].

         The Silent Foe: Diabetes Mellitus in Women 

 Women in general are more likely to have diabetes than men [ 12 ]. It affects a higher 
total percentage of ethnic minority women in the United States with African- 
American women (12.6 %) and Mexican-American women (11.3 %) surpassing 
white women (4.7 %) in those over the age of 20. 

 According to the Third National Health and Nutrition Examination Survey 
(NHANES III, 1988–1994), the prevalence of diabetes in women, increases with 
age, doubling the amount of diabetes in women of middle age as compared to 
younger women [ 12 ,  13 ]. In fact, it was estimated at the time that nearly 2.7 million 
American women aged 40–59 had diabetes. Moreover, ethnic disparities that exist 
in the metabolic syndrome again ring true in diabetes. For women of middle age, 
diabetes is at least twice as common in ethnic minorities compared to Caucasian 
women. For example, according to the NHANES III data set for women ages 50–59, 
the prevalence of diabetes was 9.7 % for Caucasian women, 23 % for African 
American women, and 24 % for Mexican American women [ 12 ,  13 ]. No other 
national survey data exists for other ethnic groups regarding comparative trends 
unfortunately. Similarly, the death rate differences between these groups are more 
formidable. Between the ages of 45–64 the death rate in diabetic women was nearly 
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  Fig. 13.2    Age-adjusted prevalence of metabolic syndrome among US adults by gender and race 
or ethnicity [ 12 ]       
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  Fig. 13.3    Metabolic syndrome increases risk of cardiovascular disease in a meta-analysis 2.4 fold, 
with many of the studies above show worse hazard ratios for women (Reproduced with permission 
from Mottillo et al. [ 14 ])       
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  Fig. 13.4    Metabolic syndrome increases risk of cardiovascular death 2.4 fold, with several studies 
showing higher hazard ratios in women (Reproduced with permission from Mottillo et al. [ 14 ])       
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three times more than that of non-diabetic women. But when death rates are 
 examined by race, again ethnic differences among women become evident, with 
all-cause mortality rate in this age group being nearly doubled in African-American 
women 44.8 % compared to 26.9 % in Caucasian women despite control for cardio-
vascular risk factors [ 12 ,  13 ]. 

 The original 1979 Framingham data provided interesting data regarding diabetic 
women. Initial data from this cohort showed diabetic women had similar cardiovas-
cular disease risk as diabetic men. They were fi ve times more likely than non- 
diabetic women and two times more likely than non-diabetic men to develop 
cardiovascular disease [ 2 ,  3 ]. Subsequent analyses have demonstrated that diabetic 
women also have signifi cantly higher mortality than diabetic men, especially after a 
coronary event. Data shows that both, early and late, mortality after a myocardial 
infarction is signifi cantly higher in diabetic women compared to diabetic men, with 
rates of 22 % versus 14 % and 28.9 % versus 19.6 %, respectively [ 2 ,  15 ,  16 ], 
(Fig.  13.5 ). The recent decreasing trend in cardiovascular mortality observed in men 
and in women without diabetes has not been seen in women with diabetes, who in 
fact have trended towards increased cardiovascular mortality, regardless of whether 
they were known diabetics or developed it after myocardial infarction [ 18 ]. Twenty 
year follow up data from the Nurses’ Health Study on approximately 1,700 female 
registered nurses, found impressive trends towards higher mortality in those women 
with diabetes. In that study women with diabetes were three times more likely to die 
of any cause than their non-diabetic colleagues. Furthermore, among women with 
known CAD at baseline, diabetic women were almost seven times more likely to 
die than nondiabetic women with CAD (Hazards Ratio 6.84). A very important 
observation in this study was the impact of length of exposure to diabetes. Duration 
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  Fig. 13.5    Relative risk of cardiovascular events in patients with diabetes. (Ages 35–64) 
(Framingham Heart Study 30 year follow-up).  P  < 0.001 for all values except * P  < 0.05 (Adapted 
by Velarde from Wilson and Kannel [ 17 ])       
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of diabetes correlated with increased mortality risk, and demonstrated a 30-fold 
increased risk of fatal coronary heart disease in women with CAD and with diabetes 
of greater than 25 years [ 19 ].

        Practical Points in Diagnosis and Treatment 

    Diagnosis of Diabetes 

 The diagnosis of diabetes mellitus is rendered in the same way for both genders. 
Type 2 diabetes has a more insidious onset than type 1. Patients can typically 
escape formal diagnosis due to lack of overt symptoms early on and which usually 
occur years later. Type 2 diabetes has a complex genetic linkage which is stronger 
than for type 1 diabetes mellitus. It is often diagnosed more in women with hyper-
tension and hyperlipidemia, thus causing additive or multiplicative effects in 
increasing CV risk. 

 Table  13.2  reviews the diagnostic criteria and evaluation for diabetes as recom-
mended by the American Diabetes Association [ 21 ]

   Gestational diabetes, a slightly separate entity, is defi ned as any degree of 
glucose intolerance during pregnancy, with most cases resolving after delivery. 
Currently mothers with the standard criteria for diabetes, as seen in Tables  13.2  
and  13.3 , are diagnosed with formal diabetes mellitus and not just gestational 
diabetes. To diagnose gestational diabetes an oral glucose tolerance test is 
administered between weeks 24 and 28 of gestation. Defi ned cut-offs exist for 
fasting, 1 and 2 h plasma glucose levels as stated on Table  13.3 . Gestational 
diabetes in itself confers up to a 30 % increased risk of future development of 
adult onset diabetes, thus recommendations of post-delivery screening in the 
mother at least once every 3 years. Of importance is the addition of considering 
gestational diabetes (along with other pregnancy related complications) as a 

    Table 13.2    Criteria for the diagnosis of diabetes   

 1. A1C ≥6.5 %. The test should be performed in a laboratory using a method that is NGSP 
certifi ed and standardized to the DCCT assay a  

 OR 
 2. FPG ≥126 mg/dl (7.0 mmol/l). Fasting is defi ned as no caloric intake for at least 8 h a  
 OR 
 3. 2-h plasma glucose ≥200 mg/dl (11.1 mmol/l) during an OGTT. The test should be performed 

as described by the World Health Organization, using a glucose load containing the equiva-
lent of 75 g anhydrous glucose dissolved in water a  

 OR 
 4. In a patient with classic symptoms of hyperglycemia or hyperglycemic crisis, a random 

plasma glucose ≥200 mg/dl (11.1 mmol/l) 

  Adapted from American Diabetes Association [ 20 ] 

  a In the absence of unequivocal hyperglycemia, criteria 1–3 should be confi rmed by repeat testing  
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contributing risk factor for CVD in the revised American Heart Association 
guidelines of 2011 [ 22 ] stressing the importance of early assessment and diag-
nosis of life-time risk.

       Treatment of Diabetes and the Metabolic Syndrome 

 The American Diabetic Association endorses aggressive treatment of those with 
A1C levels within the abnormal range of 6–6.4 % with lifestyle modifi cations. 
These include, weight loss, diet and exercise as they are more than ten times at risk 
for developing diabetes than their normal A1C counterparts. 

    Table 13.3    Defi nitions, terms, classifi cations   

 Disorder/syndrome  Defi nition/criteria for diagnosis 

 Metabolic syndrome  A group of risk factors when associated together predict future risk for 
cardiovascular disease and diabetes. Consist of 3 of 5 of the 
following: 

 1.  Abdominal obesity >102 cm (>40 in) in men, >88 cm (>35 in) in
 women 

 2. Triglycerides ≥150 mg/dL 
 3. HDL cholesterol <40 mg/dL in men, <50 mg/dL in women 
 4. Blood pressure ≥130/85 mmHg 
 5. Fasting glucose ≥110 mg/dL 

 Prediabetes  Glucose intolerance as defi ned by the presence of: 
 1. Fasting plasma glucose 100 
 2. Oral glucose tolerance test 140 
 3. HgA1C 5.7 

 Diabetes mellitus 
type 1 

 Diabetes with hyperglycemia that results from a lack of insulin from the 
autoimmune destruction of beta-islet pancreatic cells 

 Diabetes mellitus 
type 2 

 Diabetes where there is primary insulin resistance and secondary 
progressive insulin secretory defi ciency. Diagnosed with either: 

 1. Fasting plasma glucose ≥126 mg/dL on more than one occasion 
 2. 75-g oral glucose tolerance test with 2 h value of ≥200 mg/dL 
 3.  Random plasma glucose of ≥200 mg/dL with typical diabetes

 symptoms a  
 4. HgA1C ≥6.5 % 

 Gestational diabetes  Diabetes diagnosed during pregnancy that is not clearly overt new onset 
diabetes currently or known diabetes. Diagnosed by: 

 1. 75-g oral glucose tolerance test at 24–28 gestation with 
 (a) Fasting glucose ≥92 mg/dL 
 (b) 1 h glucose ≥180 mg/dL 
 (c) 2 h glucose ≥153 mg/dL 

 Polycystic ovarian 
syndrome (PCOS) 

 Oligo or anovulation with signs of androgen excess activity (either 
clinically or by bioassay), polycystic ovaries, and exclusion of other 
causes 

   a Includes excessive thirst, urination, fatigue/weakness, weight loss, or overt clinical presentation of 
hyperglycemic crisis  
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 After the diagnoses of the metabolic syndrome, prediabetes or diabetes mellitus 
are made; care must be taken to meet therapeutic goals of glycosylated hemoglobin 
levels (HgA1C levels), blood pressure, cholesterol, and most importantly weight. 
Treatment of the metabolic syndrome consists primarily on emphasizing therapeu-
tic lifestyle changes and in some instances may include medical treatment of pre-
hypertension and or prediabetes, although guidelines are not clear on that. Women 
diagnosed with prediabetes or diabetes should be counseled on weight loss to a 
normal BMI if obesity is present, on a lean, low-fat diet, and recommended at least 
30 min of cardiovascular exercise daily. 

 Glycosylated hemoglobin A1C (HgA1C) levels of less than or equal to 7 % 
should be attained through a combination of, diet, exercise, weight loss and 
medication. 

 Evidence supports aggressive lifestyle modifi cation that promotes healthy diet 
and exercise as key parts of the treatment. Initial observational studies and small 
clinical trials suggested diet and exercise could curtail the development of diabetes. 
These studies were helpful and provided initial insight. The Diabetes Prevention 
Program (DPP) study was however the fi rst sentinel trial to establish that weight 
loss and exercise can signifi cantly reduce the development of diabetes. 

    Diabetes Prevention Program Study 

 The Diabetes Prevention Program Research Group was the fi rst large cohort, with 
over 3,000 Americans, 68 % of which were women and 45 % of ethnic minority 
groups, that provided impressive evidence of decreased incidence of diabetes with 
weight loss and exercise in patients with impaired glucose levels (an elevated fast-
ing plasma glucose or elevated post-load plasma glucose) that were not yet diabetic. 
When randomized to at least a 7 % weight loss and at least 150 min of physical 
activity a week, patients reduced their incidence of diabetes mellitus 58 % (95 % CI, 
48–66 %) in a mean follow up of 2.8 years. Treatment with metformin reduced the 
incidence of diabetes as well, but only by 31 % (95 % CI, 17–43 %). There was no 
treatment difference between either sex nor were there differences between ethnic 
groups [ 23 ]. The results of the Diabetes Prevention Program empower health care 
providers to clearly and strongly advocate for weight loss, exercise, and healthy 
eating habits as a way to signifi cantly reduce the risk of developing diabetes even 
more effectively than medications. Figuratively, to prevent a single case of diabetes 
during 3 years, 6.9 patients would have to commit to the above lifestyle interven-
tion, while 13.9 would have to be placed on metformin.   

    Treatment of Hypertension in Diabetes 

 The most recent blood pressure goals have been established by The Seventh Report 
of the Joint National Committee on Prevention, Evaluation, and treatment of High 
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Blood Pressure (JNC-7) and currently include a blood pressure of ≤130/80 and 
treatment with an angiotensin converting enzyme (ACE) inhibitor or angiotensin 
receptor blocker (ARB) as fi rst line in those with diabetes due to their cardiac and 
renal protective effects. In women of child-bearing age, care must be taken to 
ensure that they are on oral contraceptives or similar birth control while on ACE 
inhibitors or ARBs to avoid adverse fetal effects. Nonetheless, they are both con-
sidered fi rst line therapy for hypertension in diabetics of both sexes, with benefi ts 
shown both in cardiovascular outcomes and associated microvascular outcomes, 
including retinopathy, nephropathy, and neuropathy. There have been several 
important landmark clinical trials that have delineated the treatment algorithm for 
hypertension (Table  13.4 ). Although none of them directly studied hypertension 
solely in diabetic women, there were signifi cant numbers of women enrolled in of 
these trials [ 24 ].

      UKPDS 

 Spanning from 1977 to 1997 and involving 23 centers, the United Kingdom 
Prospective Diabetes Study (UKPDS) had over 5,000 patients with a new diagno-
sis of diabetes and was the fi rst hallmark study to show defi nitively that complica-
tions can be reduced by blood glucose and blood pressure control. The treatment 
arms consistent of a tight blood pressure group with goal of blood pressure 150/85 
versus a less tight blood pressure control group with goal of blood pressure 
180/105. Forty- six percent of the tight blood pressure group were women, 42 % of 
the less tight blood pressure group were women. Patients in the tight blood pres-
sure group treated with captopril and atenolol had decreased risk of in the com-
bined endpoint of myocardial infarction, sudden death, stroke, and peripheral 
vascular disease, with a relative risk of 0.66. Risk in primary retinopathy was also 
seen, but signifi cant reduction in myocardial infarctions alone was not seen 
[ 24 ,  25 ]. Interestingly, the risk reductions were not signifi cant 10 years after the 
trial as during the post-trial period patients were no longer on their intensive 
hypertensive regimen [ 26 ].  

    HOT Trial 

 The Hypertension Optimal Treatment study was important to establish the benefi t 
in reduction in diastolic blood pressure. Approximately 47 % of those enrolled 
were women. A large randomized trial with over 18,000 patients between the ages 
of 50–80 years old, it used fi rst-line treatment of felodipine with additional antihy-
pertensives as needed. Results showed benefi t in decreasing blood pressure to less 
than 140/85. Additionally, there was a remarkable 51 % reduction in cardiovascu-
lar events in diabetic patients with diastolic blood pressures ≤80 mmHg in com-
parison to diabetic patients with diastolic blood pressures ≤90 mmHg (p = 0.005) 
[ 24 ,  27 ].  
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    HOPE Trial 

 The Heart Outcomes Prevention Evaluation study was a sentinel trial to establish 
the benefi ts of ACE inhibitors to reduce future cardiovascular events in patients 
with cardiovascular disease or risk factors for it. It studied over 9,000 patients with 
over 4,000 randomized to receive either ramipril or placebo. Approximately 40 % 
of those enrolled had diabetes. Thirty-eight percent of those assigned to the ramipril 
arm were women compared to 35 % in the placebo group. The study was stopped 6 
months early (after 4.5 years) due to the consistent benefi t of ramipril compared to 
placebo. Signifi cant fi ndings included a 22 % risk reduction for myocardial infarc-
tion, 33 % risk reduction for stroke, and 24 % risk reduction for total mortality in 
the ramipril group when compared to the placebo group [ 24 ,  28 ]. Additionally, the 
Microalbuminuria, Cardiovascular, and Renal Outcomes in the Heart Outcomes 
Prevention Evaluation trial (MICRO-HOPE) demonstrated a 22 % risk reduction in 
the development of nephropathy in those treated with ramipril [ 24 ,  29 ].  

    ALLHAT Trial 

 The Antihypertensive and Lipid Lowering Treatment to Prevent Heart Attack trial 
was conducted to compare treatment with calcium channel blockers, ACE inhibi-
tors, and or thiazide diuretics as blood pressure treatment in patients with elevated 
blood pressure and another cardiovascular disease risk factor. Of those enrolled, 
36 % had diabetes. The combined primary outcome consisted of fatal or non-fatal 
myocardial infarction and there were no signifi cant differences between the three 
drug classes, despite a slight increase in blood sugar and increased risk of diabetes 
with chlorthalidone after a year therapy (thiazide diuretic used in the trial) that an 
increased risk in heart failure was seem for those patients on amlodipine (40 % 
more) and lisinopril (15 % more) compared to chlorthalidone. With this disparity, 
the authors alluded to diuretics as preferable treatment for hypertension [ 24 ,  30 ].  

    ABCD Trial 

 The Appropriate Blood Pressure Control in Diabetes study aimed to study micro-
vascular disease progression with moderate versus intensive control of blood pres-
sure as well as to compare nisoldipine, a calcium channel blocker, with enalapril, an 
angiotensive converting enzyme, as a fi rst-line anti-hypertensive. The two study 
arms consisted of intensive blood pressure control with diastolic goal of ≤75 mmHg 
compared to moderate blood pressure control with diastolic goal of ≤80–89 mmHg. 
Thirty-two percent of those enrolled were women. Mean blood pressure at study 
end was 132/78 mmHg in the intensive blood pressure control group and 
138/86 mmHg in the moderate blood pressure control group. When compared to the 
moderate blood pressure control group, the incidence in death was reduced 51 % in 
the intensive blood pressure control group. Regarding microvascular outcomes, 
there was no difference between the rate of progression in retinopathy and 
 neuropathy. It was also found that in those treated with nisoldipine compared to 

I. Antonetti and G.P. Velarde



277

enalapril there were signifi cantly higher rates (a total of 25 versus 5) of fatal and 
non-fatal myocardial infarctions (9.5 RR, 95 % CI 2.3–21.4) [ 24 ,  31 ,  32 ].  

    ACCORD Trial 

 The Action to Control Cardiovascular Risk in Diabetes blood pressure trial was con-
ducted to determine the outcome on cardiovascular disease in diabetics with aggres-
sive systolic blood pressure lowering to <120 mmHg. 47.7 % of those enrolled were 
women. Over 4,500 patients were randomized to the intensive blood pressure control 
group (goal systolic blood pressure of <120 mmHg) or the standard blood pressure 
control group (systolic <140 mmHg). Follow up was approximately 5 years and 
showed no signifi cant difference between the composite primary outcome of non-fatal 
myocardial infarction, stroke or cardiovascular death. There were, however, fewer 
cardiovascular events (208 versus 237) and fewer strokes (36 versus 62) in the inten-
sive treatment arm despite this not reaching statistical signifi cance. Notably there 
were signifi cantly more adverse events (p < 0.001), such as syncope and dizziness, in 
the intensive group compared to the standard group (3.3 % versus 1.3 %) [ 24 ,  33 ]. 

 In summary, there is much data to support controlling hypertension in diabetics, 
with the fi rst-line therapy being ACE inhibitors or ARBs, bearing in mind that 
women of child-bearing age should be counseled on the teratogenicity of both and 
the need to be on reliable birth control. Gender specifi c differences in outcomes 
with any specifi c therapy have not been seen, although women have not been 
uniquely studied in these aforementioned landmark trials. However, as opposed to 
other areas of cardiovascular research, women often composed a sizable number of 
the study participants in hypertension clinical trials and meaningful therapeutic 
applications, can still be inferred. 

 Goal blood pressure should be ≤ 130/80 (as long as this is well tolerated without 
symptoms) to best avoid future cardiovascular events and microvascular diabetic 
disease.   

    Treatment of Hyperlipidemia in Diabetes and Metabolic 
Syndrome 

 In ATP III, diabetes mellitus is regarded as a coronary disease equivalent. Thus the 
LDL goal of less than or equal to 100 mg/dL with option to go as low as 70 mg/dl 
has been made. Aggressive lifestyle modifi cations with option of statin drug therapy 
for levels 100–129 mg/dL and/or initiation of statin therapy for LDL greater than 
130 mg/dL is recommended [ 34 ]. Aggressive treatment to these goals is recom-
mended for women with either diabetes or the metabolic syndrome given their 
increased risk for developing cardiovascular disease. 

 Recent concerns have been raised regarding the use of statins and increased risk 
of future diabetes. 

 At least six, large, randomized studies have reported confl icting results of 
increased rates of diabetes in the statin treatment arm despite decreased risk for 
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cardiovascular events. The JUPITER trial, one of the largest studies, was designed 
to assess cardiovascular endpoints in patients without overt hyperlipidemia, but with 
an elevated CRP. JUPITER enrolled over 17,000 patients and assigned them to 
either placebo or rosuvastatin for on average 1–9 years. On follow up, a signifi cant 
higher number of individuals in the rosuvastatin group developed physician- reported 
diabetes (270 in the rosuvastatin group versus 216 in the placebo group, p = 0.01) 
despite having the same fasting blood glucose levels during follow up [ 35 ]. Other 
studies, including one from the West of Scotland Coronary Prevention Study 
(WOSCOPS) study which used pravastatin, provided evidence to the contrary. It 
showed that pravastatin may reduce the incidence of diabetes [ 36 ]. Two large meta- 
analyses that have followed, including one in 2010 which included a total of 13 
statin trials (over 91,000 participants), including both the JUPITER trial and 
WOSCOPS study, found statins were associated with a 9 % increased risk for inci-
dence of diabetes (OR 1.09; 95 % CI 1.02–1.17) with little heterogeneity between 
trials [ 37 ]. Risk for developing diabetes with statins was highest in trials with older 
patients, but neither change in LDL concentration nor BMI explained the increased 
risk in diabetes. One extra case of diabetes resulted for every 255 patients treated for 
4 years in this study. The subsequent meta-analysis, comprised of fi ve trials (over 
32,000 participants), studied whether intensive-dose statin therapy was associated 
with increased risk of diabetes compared to moderate-dose statin therapy [ 38 ]. 
Intensive-dose statin therapy consisted of atorvastatin 80 mg daily, or simvastatin 
40–80 mg daily while moderate-dose statin therapy consisted of pravastatin 40 mg 
daily, simvastatin 20–40 mg daily, atorvastatin 10 mg daily, or placebo. There were 
two additional cases of diabetes in the intensive-treatment group per 1,000 patient- 
years but 6.5 fewer cardiovascular events per 1,000 patient years, with odds ratios of 
1.12 (95 % CI 1.04–1.22) for development of diabetes and 0.84 (95 % CI 0.75–0.94) 
for sustaining a cardiovascular events. Compared to moderate-dose statin therapy, 
the NNH (number needed to harm) per year for intensive-dose statin therapy was 
498 for one newly diagnosed diabetic, while the NNT (number needed to treat) per 
year for intensive-dose statin therapy was 155 to avoid a cardiovascular event. These 
fi ndings support that there seems to be a small increased risk for developing diabetes 
while on statin therapy, independent of BMI and LDL reduction intensity, that is 
outweighed by a higher reduction in cardiovascular events with their use. 

 The Women’s Health Initiative also investigated the correlation between statin 
use and incidental development of diabetes, but in a unique cohort of only post-
menopausal women [ 39 ]. In this group of nearly 150,000 post-menopausal women 
average age of 63 years, treated with trial medication in addition to treatment of 
other medical conditions such as hyperlipidemia, those who were taking a statin at 
baseline showed an increased risk of diabetes, notably much larger than the above 
mentioned meta-analyses. This increased risk was present even when adjusting for 
possible confounders of age, race, BMI, physical activity, smoking status, family 
history of diabetes, clinical study arm, and personal history of cardiovascular 
 disease, with a hazard ratio of 1.48 (95 % CI, 1.38–1.59). 

 Surmising from all the data available to date, it does appears to be an associated 
small risk with statins in developing incident diabetes, but this has been found to be 
overpowered by the cardio-protective benefi ts they offer. This risk, albeit small, 
needs to be discussed with patients. 
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 As discussed earlier, women generally have increased morbidity and mortality 
after their sentinel myocardial infarction compared to men [ 15 ]. The pathophysiol-
ogy behind this remains poorly understood and whether there are specifi c risk fac-
tors to which to attribute this increased risk is unclear. 

 Limited gender specifi c data on the use of statins however shows a clear benefi t 
of statins with decrease in cardiovascular mortality in the subset of women with 
coronary artery disease. 

 In a large meta-analysis of 13 trials and over 17,000 women (two thirds of whom 
came from two studies), there were differences in outcomes with statins depending on 
whether women had known cardiovascular disease or not [ 40 ]. Lipid lowering with 
statins in women without known cardiovascular disease did not reduce overall mortal-
ity (RR 0.95, 95 % CI 0.62–1.46), cardiovascular mortality (RR 1.07, 95 % CI 0.47–
2.40), non-fatal myocardial infarction (RR 0.61, 95 % CI 0.22–1.68), revascularization 
(RR 0.87, 95 % CI 0.33–2.31), or cardiovascular events (RR 0.87, 95 % CI 0.69–
1.09). However, some analyses were limited because of low cardiovascular event rates 
in those trials. In 8 of the trials that included over 8,000 women with known coronary 
artery disease, statins signifi cantly reduced cardiovascular mortality (RR 0.74, 95 % 
CI 0.55–1.00), non-fatal myocardial infarction (RR 0.71, 95 % CI 0.58–0.87), revas-
cularization (RR 0.70, 95 % CI 0.55–0.89), and total cardiovascular events (RR 0.80, 
CI 0.71–0.91) [ 40 ]. However, statins did not reduce total mortality (RR 1.00, 95 % CI 
0.77–1.29). In summary, data suggests that for women without coronary artery dis-
ease, lipid lowering with statins does not affect all-cause or cardiovascular mortality. 
Lipid lowering with statins may or may not reduce cardiovascular events in this cohort 
of women, i.e. no primary prevention, but more data is needed. For women with 
known cardiovascular disease, lipid lowering with statins is effective in reducing car-
diovascular mortality, cardiovascular events including revascularization, and non-fatal 
myocardial infarctions but no demonstrated effect on total mortality. 

 Low HDL, high amounts of small particle serum LDL, and hypertriglyceridemia 
appears to be a least favorable lipid profi le for women when compared to men. There 
is some suggestion in recent trial data that omega-3 fatty acids in women without 
known heart disease, but deemed at risk, benefi t with signifi cantly lowered rates of 
cardiovascular death and hospitalization for cardiovascular cause when compared to 
their male cohorts who did not experience any benefi t (HR 0.82, 95 % CI 0.67–0.99, 
p = 0.04) [ 41 ]. Findings from the JELIS (Japan Eicosapentaenoic Acid Lipid 
Intervention) study, the fi rst large-scale, prospective, randomized trial of combined 
treatment with a statin and an omega-3 fatty acid originally derived from fi sh, eicosa-
pentaenoic acid (EPA), has shown that the addition of EPA to statin therapy provides 
additional benefi t in preventing major coronary events, apparently through lipid-
independent mechanisms in patients with CVD [ 42 ]. The majority of the participants 
in this study were women. The results add support to previous evidence of the benefi -
cial effect of omega-3 fatty acids in patients with known coronary heart disease [ 42 ].  

    Diagnosis of Coronary Artery Disease in the Diabetic Woman 

 Diagnosis of asymptomatic coronary artery disease in the diabetic population is 
often recommended in diabetic patients with risk factors, regardless of gender [ 43 ]. 

13 Impact of Diabetes Mellitus and the Metabolic Syndrome on the Female Heart



280

However, most recent consensus from different organizations including American 
Diabetic Association (ADA) shy away from this practice [ 44 ,  45 ] and specifi c test-
ing and modality of testing in asymptomatic diabetic individuals (irrespective of 
sex) remains controversial. It has been shown that adenosine stress nuclear testing 
is equally prognostic in diabetic men and women undergoing stress testing [ 41 ]. 
Furthermore, Berman et al. prospectively followed adenosine myocardial perfusion 
single photon emission tomographic studies in women versus men and demon-
strated that amongst diabetic patients, women had worse outcome than men for any 
degree of perfusion defects [ 46 ]. Nuclear stress testing has been the modality that 
has been most researched in diabetic populations for both diagnosis and prognosis, 
but data is lacking to support an actual improvement in their outcome with directed 
cardiovascular treatment [ 47 ]. Normal stress testing even in higher-risk diabetics is 
useful in short term risk stratifi cation only. Confl icting guidelines from the American 
Heart Association and the ADA exist; with the former emphasizing that there are no 
outcome data to support stress testing in asymptomatic diabetic patients. On the 
contrary the American Diabetic Association has advocated for stress testing in dia-
betics with any of the following (1) typical or atypical cardiac symptoms (2) resting 
electrocardiogram (ECG) suggestive of ischemia or infarction (3) peripheral or 
carotid arterial occlusive disease (4) sedentary lifestyle, with age greater than or 
equal to 35 with plans to begin a vigorous exercise program and (5) two or more of 
the following risk factors in addition to diabetes: total cholesterol greater than 
240 mg/dL, LDL > 160, HDL < 35, blood pressure > 140/90, smoking, family his-
tory of premature coronary artery disease, and micro or macroalbuminuria [ 43 ]. Of 
note, the ADA committee in 1998 acknowledged these recommendations were 
based on expert consensus clinical judgment as there were no published data sup-
porting these recommendations. As mentioned earlier the most recent standard of 
medical care guidelines from the ADA do not advocate for routine screening of 
asymptomatic diabetic patients with high cardiovascular disease risk [ 44 ,  45 ]. 

 However, both the American College of Cardiology, American Heart Association 
and the ADA recommend that an exercise ECG test be done among patients with 
diabetes with known or suspected CAD, type 1 diabetes for more than 15 years, type 
2 diabetes for more than 10 years or age greater than 35, microvascular disease, 
peripheral arterial disease or autonomic neuropathy prior to engaging in an aggres-
sive exercise program. The United States Preventative Services Task Force 
(USPSTF) however, concluded that there is insuffi cient evidence to recommend for 
or against this type of screening for coronary disease in asymptomatic patients, 
including before an exercise program [ 48 ]. Hence, presently there is inadequate 
evidence to recommend routine stress testing in asymptomatic diabetic patients.   

    Special Considerations 

    Polycystic Ovarian Syndrome 

 Estimated to occur in about 6–7 % of premenopausal women, polycystic ovarian 
syndrome (PCOS) is a syndrome that consists of hyperandrogenism and 

I. Antonetti and G.P. Velarde



281

oligo- ovulation when other medical disorders have been excluded. Key components 
of the metabolic syndrome are present in PCOS, of these central adiposity and low 
HDL levels are the most common. The lipoprotein profi le in women with polycystic 
ovaries is signifi cantly distorted. They usually have high concentrations of serum 
triglycerides and total and low-density lipoprotein cholesterol. Furthermore, the 
levels of high density lipoprotein (HDL) and particularly HDL2 subfraction are sup-
pressed [ 20 ,  49 ]. Insulin resistance, increased glucose levels, and hypertension are 
also more frequently present in PCOS than weight-matched controls. Women with 
PCOS have a higher rate of developing overt diabetes mellitus when compared to 
women of the same BMI who do not have PCOS [ 7 ]. Of all women with PCOS, up 
to 30 % have impaired glucose tolerance and another 7.5 % have the diagnosis of 
diabetes. In those that have PCOS without obesity, 10.3 % of them have impaired 
glucose tolerance. The exact cause of the insulin resistance is unclear and suppres-
sion of androgen excess does not appear to change insulin resistance. Despite obser-
vations that women with PCOS appear to have more extensive coronary artery 
disease on angiography, higher coronary artery calcifi cation scores, more endothe-
lial dysfunction and pro-infl ammatory and pro-thrombogenic markers [ 50 ,  51 ] and 
an indisputable presence of multiple cardiovascular risk factors at a young age, 
prospective limited study data surprisingly does not support an increased risk of 
cardiovascular disease in women with PCOS [ 7 ,  21 ]. However, no prospective lon-
gitudinal study has assessed CVD outcomes specifi cally in women with PCOS. 
Uncertainty thus remains in women with PCOS regarding increased incidence of 
cardiovascular disease and mortality later in life. Even in the absence of defi nitive 
outcome studies, the evidence supports a strong recommendation that women with 
PCOS should undergo comprehensive evaluation for recognized cardiovascular risk 
factors and receive appropriate treatment based on fi ndings.  

    Gestational Diabetes 

 Not all women are recommended by the American Diabetic Association to be tested 
for gestational diabetes. Women who meet all the low-risk criteria are exempt from 
such testing as it has been found not to be useful and cost-ineffective. These criteria, 
which all must be met, include age less than 25, normal body weight, no fi rst-degree 
relatives with diabetes, no history of abnormal glucose metabolism, no history of 
prior poor obstetric outcome, and women who are not members of ethnic groups 
with high prevalence of diabetes mellitus such as Hispanics, Native Americans, 
Asian Americans, African Americans and Pacifi c Islanders [ 52 ]. Timing of the risk 
assessment for gestational diabetes is important. It is recommended that women 
with increased risk factors such as obesity, strong family history, history themselves 
of gestational diabetes in the past, should undergo glucose testing as soon preg-
nancy is confi rmed. They are then again tested at the routine 24–28 weeks of gesta-
tion. Average risk women without these risk factors are usually tested within 24–28 
weeks. There are typically two approaches, the one step approach consisting of a 
diagnostic oral glucose tolerance test without prior serum glucose screening, and 
the two step approach, consisting of initial serum glucose screening 1 h after a 50 g 
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oral glucose load followed by a diagnostic oral glucose tolerance test in women 
with abnormal glucose level after the 50 g challenge. 

 Immediately after pregnancy, up to 5–10 % of women with gestational diabetes 
are diagnosed with diabetes [ 53 ]. Women diagnosed with gestational diabetes have 
a 35–60 % chance of developing diabetes in the following 10–20 years. Non- 
Caucasian and Hispanic women with a history of gestational diabetes and those 
who fail to lose their pregnancy weight or are obese are at the highest risk for devel-
oping overt diabetes. It is recommended then that women with gestational diabetes 
get tested for diabetes 6–12 weeks after the baby is delivered and then at least every 
3 years thereafter [ 52 ,  53 ].  

    Women with Diabetes and Known Cardiovascular Disease 

 Women with diabetes and established coronary have worse outcomes than men with 
higher cardiac morbidity and mortality as previously outlined [ 2 ,  15 ,  16 ]. Given 
their risk, aggressive attempts should be made to reach goals for lipids, blood pres-
sure, and fasting blood sugar levels as per guidelines. Modifi cation of other risk 
factors such as obesity, nicotine and alcohol dependence should be aggressively 
pursued. In women with established coronary artery disease and diabetes, a lower 
LDL target level (70 mg/dl or less) appears to be associated with the greatest out-
come benefi ts [ 6 ,  22 ]. This is usually achieved through statin therapy which has the 
strongest evidence as reviewed previously. 

 The increased mortality seen in diabetic women, particularly in those with estab-
lished coronary disease compared to diabetic men, remains poorly understood and 
highlights the importance to include more women (diabetic in particular) in cardio-
vascular trials with pre-defi ned gender specifi c analysis. Increasing rates of obesity 
affecting women more than men, as well as psychological variables such as depres-
sion, isolation, poor stress coping mechanisms, have been cited as additional factors 
for increased cardiovascular disease in women particularly. However, more research 
is needed in the fi eld to determine if gender specifi c pathophysiological differences 
exist in the diabetic female heart that could explain some of the disparities in out-
comes. The impact of risk factors in the micro and macrovascular circulation in the 
diabetic heart within the context of hormonal status, aging and psychosocial infl u-
ences need to be better explored.   

    Summary 

•     The metabolic syndrome is an important predictor of cardiovascular morbidity 
and mortality, especially in women of ethnic minority groups with increased 
cardiovascular disease risk when compared to men.  

•   The metabolic syndrome is a well-recognized antecessor to diabetes mellitus 
type 2 and as such offers an opportunity for aggressive therapeutic lifestyle 
changes.  
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•   Aggressive treatment of risk factors for diabetes, including obesity, prediabetes, 
and the metabolic syndrome, are essential for primary prevention  

•   Subgroups of women are more likely to develop diabetes. Ethnic minorities and 
women with gestational diabetes, are particularly at risk, and should be coun-
seled on risk factor modifi cation early on.  

•   Women with diabetes have worse cardiovascular outcomes, with increased mor-
bidity and mortality, particularly after fi rst myocardial infarction and in those 
with established coronary artery disease.  

•   Therapeutic goals for women with diabetes include blood pressure of less than 
140/90 with option of tighter control in certain younger diabetics to goal of 
<130/80 if it can be achieved without undue treatment burden.  

•   Therapeutic goals for women with diabetes and hyperlipidemia include the use 
of moderate intensity statins for those with diabetes alone and high intensity 
statins for those with diabetes and high risk of atherosclerotic of cardiovascular 
disease.  

•   A normal BMI, appropriate diet and exercise are paramount for treatment for 
women with diabetes.  

•   Treatment of hypertension should include ACE inhibitors or ARBs if tolerated 
(and if of child bearing age on oral contraceptives or similar birth control)  

•   The role of diagnostic stress testing for asymptomatic diabetic women remains 
controversial. This is mostly due to lack of data in diabetic women and stress 
testing specifi cally and lack of mortality benefi t of stress testing in asymptomatic 
individuals in general.     

   Addendum 

 Since the completion of this book, two new guidelines have come out that slightly 
modify some of the text above. The new JNC 8 hypertension guidelines [ 54 ] have 
loosened the blood pressure target for older patients >60 years old to <150/90 
and also loosen recommendation for treatment of diabetics >18 years old to 
<140/90 not differentiating them from the general adult population. These guide-
lines represent a consensus of a committee of experts that are not all in agree-
ment with the fi nal document and it has not yet been endorsed by the AHA/ACC 
and deviates from recent updated recommendations by other expert committees. 
The American Society of Hypertension (ASH) jointly with the International 
Society of Hypertension (ISH) recently released their new guidelines [ 55 ] 
upholding the prior recommendations for a goal and treatment initiation level of 
blood pressure in those <80 years of age of 140/90 mmHg, consistent with the 
most recent guidelines of the European Society of Hypertension (ESH) [ 56 ]. As 
it relates to diabetic patients >18 years old, they concur that should be treated to 
<140 mmHg systolic, <85 mmHg diastolic (ESH) and to lower target of 
<130 mmHg systolic for certain younger diabetics if it can be achieved without 
undue treatment burden [ 55 ,  57 ]. 

 The AHA and the ACC have issued a ‘HYPERLINK “  http://content.onlinejacc.
org/article.aspx?articleid=1778408    ” scientifi c advisory’ [ 58 ] on the treatment of 
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hypertension, and likely will produce their own hypertension guideline in the 
future. 

 Regarding the new cholesterol guidelines published recently by the ACC/AHA 
[ 59 ], the focus has shifted from goal directed or specifi c target levels of LDL or non-
HDL to degree of strength of statin needed to treat patients with different risk pro-
fi les. Statins continue to form the basis for treatment of patients with moderate or 
high risk for atherosclerotic cardiovascular disease (ASCVD). Statins continue to be 
recommended for adult diabetic patients regardless of gender from moderate reduc-
tion statins (pravastatin and simvastatin) for adults 40–75 years old age with diabetes 
alone to high intensity statins (atorvastatin and rosuvastatin) for adults 40–75 years 
old age with diabetes and a ≥7.5 % 10 year of ASCVD risk unless contraindicated.     

   References 

       1.   National Diabetes Fact Sheet, Centers for Disease Control; 2011.   www.cdc.gov    .  
       2.    Koerbel G, Korytkowski M. Coronary heart disease in women with diabetes. Diab Spectr. 

2003;16:148–53.  
    3.    Kannel WB, McGee DL. Diabetes and cardiovascular disease. The Framingham Study. JAMA. 

1979;241:2035–8.  
    4.    Howard BV, Cowan LD, Go O, et al. Adverse effects of diabetes on multiple cardiovascular 

disease risk factors in women: the Strong Heart Study. Diabetes Care. 1998;21:1258–65.  
    5.    Guzder RN, Gatling W, Mullee MA, et al. Impact of metabolic syndrome criteria on cardiovas-

cular disease risk in people with newly diagnosed type 2 diabetes. Diabetologia. 
2006;49:49–55.  

       6.    Grundy SM, Brewer Jr BB, Cleeman J, et al. Defi nition of the metabolic syndrome: report of 
the National Heart, Lung, and Blood Institute/American Heart Association Conference on 
scientifi c issues related to defi nition. Circulation. 2004;109:433–8.  

          7.    Bentley-Lewis R, Koruda K, Seely EW. The metabolic syndrome in women. Nat Clin Pract 
Endocrinol Metab. 2007;3:696–704.  

      8.    Hunt KJ, Resendez RG, Williams K, et al. National Cholesterol Education Program versus 
World Health Organization metabolic syndrome in relation to all-cause and cardiovascular 
mortality in the San Antonio Heart Study. Circulation. 2004;110:1251–7.  

    9.    McNeill AM, Rosamond WD, Girman CJ, et al. The metabolic syndrome and 11-year risk of 
incident cardiovascular disease in the atherosclerosis risk in communities study. Diabetes 
Care. 2005;28:385–90.  

    10.    Reaven GM, et al. Abnormal lipoprotein metabolism in non-insulin- dependent diabetes mel-
litus: pathogenesis and treatment. Am J Med. 1987;83:31–40.  

    11.    Margolin E, Zhornitzki T, Kopernik G, et al. Polycystic ovary syndrome in post-menopausal 
women–marker of the metabolic syndrome. Maturitas. 2005;50:331–6.  

           12.    Ford ES, Giles WH, Dietz WH. Prevalence of the metabolic syndrome among US adults. 
Findings from the third National Health and Nutrition Examination Survey. JAMA. 
2002;287:356–9.  

      13.    Ford ES, Giles WH, Mokdad AH. Increasing prevalence of the metabolic syndrome among US 
adults. Diabetes Care. 2004;27:2444–9.  

       14.    Mottillo S, Filion KB, Genest J, et al. The metabolic syndrome and cardiovascular risk. A sys-
tematic review and meta-analysis. J Am Coll Cardiol. 2010;56:1113–32.  

      15.    Miettinen H, Lehto S, Salomaa V, et al. Impact of diabetes on mortality after the fi rst myocar-
dial infarction. Diabetes Care. 1998;21:69–75.  

     16.    Vaccarino V, Krumholz HM, Yarzebski J, et al. Sex differences in 2-year mortality after hospi-
tal discharge for myocardial infarction. Ann Intern Med. 2001;134:173–81.  

I. Antonetti and G.P. Velarde

http://www.cdc.gov/


285

    17.   Wilson PWF, Kannel WB. In: Hyperglycemia, diabetes and vascular disease. Ruderman N 
et al., eds. Oxford; 1992.  

    18.    Gu K, Cowie CC, Harris MI. Diabetes and decline in heart disease mortality in US adults. 
JAMA. 1999;281:1291–7.  

    19.    Hu FB, Stampfer MJ, Solomon CG, et al. The impact of diabetes mellitus on mortality from 
all causes and coronary heart disease in women. 20 years of follow up. Arch Intern Med. 
2001;161:1717–23.  

     20.    Giallauria F, Orio F, Palomba S, et al. Cardiovascular risk in women with polycystic ovary 
syndrome. J Cardiovasc Med. 2008;9:987–92.  

     21.    Sharpless JL. Polycystic ovary syndrome and the metabolic syndrome. Clinl Diabetes. 
2003;21:154–61.  

     22.    Mosca L, Benjamin EJ, Berra K, et al. A guideline from the American Heart Association. 
Effectiveness-based guidelines for the prevention of cardiovascular disease in women—2011 
update: guidelines for the prevention of cardiovascular disease in women. Circulation. 
2011;123(11):1243–62.  

    23.    Diabetes Prevention Program Research Group. Reduction in the incidence of type 2 diabetes 
with lifestyle intervention or metformin. N Engl J Med. 2002;346:393–403.  

            24.    Salanitro AH, Roumie CL. Blood pressure management in patients with diabetes. Clin 
Diabetes. 2010;28:107–14.  

    25.    U.K. Prospective Diabetes Study Group. Tight blood pressure control and risk of macrovascu-
lar and microvascular complications in type 2 diabetes: UKPDS 38. BMJ. 1998;317:703–13.  

    26.    Holman RR, Paul SK, Bethel MA, et al. Long-term follow-up after tight control of blood pres-
sure in type 2 diabetes. N Engl J Med. 2008;359:1565–76.  

    27.    Hansson L, Zanchetti A, Carruthers SG, et al. Effects of intensive blood pressure lowering and 
low-dose aspirin in patients with hypertension: principal results of the Hypertension Optimal 
Treatment (HOT) randomized trial. Lancet. 1998;351:1755–62.  

    28.    Yusuf S, Sleight P, Pogue J, et al. Effects of an angiotensin-converting enzyme inhibitor, 
ramipril, on cardiovascular events in high-risk patients. N Engl J Med. 2000;342:145–53.  

    29.    Heart Outcomes Prevention Evaluation Study Investigators. Effects of ramipril on cardiovas-
cular and microvascular outcomes in people with diabetes mellitus: results of the HOPE study 
and MICRO-HOPE substudy. Lancet. 2000;355:253–9.  

    30.    Whelton PK, Barzilay J, Cushman WC, et al. Clinical outcomes in antihypertensive treatment 
of type 2 diabetes, impaired fasting glucose concentration, and normoglycemia: 
Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial (ALLHAT). 
Arch Intern Med. 2005;165:1401–9.  

    31.    Estacio RO, Jeffers BW, Hiatt WR, et al. The effect of nisoldipine as compared with enalapril 
on cardiovascular outcomes in patients with non-insulin dependent diabetes and hypertension. 
N Engl J Med. 1998;338:645–52.  

    32.    Estacio RO, Jeffers BW, Gifford N, et al. Effect of blood pressure control on diabetic micro-
vascular complications in patients with hypertension and type 2 diabetes. Diabetes Care. 
2000;23 Suppl 2:B54–64.  

    33.    The ACCORD study group. Effects of intensive blood-pressure control in type 2 diabetes mel-
litus. N Engl J Med. 2010;362:1575–85.  

    34.    Grundy SM, Cleeman JI, Bairey Merz N, et al. Implications of recent clinical trials for the 
National Cholesterol Education Program adult treatment panel III guidelines. Circulation. 
2004;110:227–39.  

    35.    Ridker PM, Danielson E, Fonseca FA, et al. Rosuvastatin to prevent vascular events in men and 
women with elevated C-reactive protein. N Engl J Med. 2008;359:2195–207.  

    36.    Freeman DJ, Norrie J, Sattar N. Pravastatin and the development of diabetes mellitus: evidence 
for a protective treatment effect in the West of Scotland Coronary Prevention Study. Circulation. 
2001;103:357–62.  

    37.    Sattar N, Preiss D, Murray HM, et al. Statins and risk of incident diabetes: a collaborative 
meta-analysis of randomised statin trials. Lancet. 2010;375:735–42.  

    38.    Preiss D, Seshasai SRK, Welsh P, et al. Risk of incident diabetes with intensive-dose compared 
with moderate-dose statin therapy. JAMA. 2011;305:2556–64.  

13 Impact of Diabetes Mellitus and the Metabolic Syndrome on the Female Heart



286

    39.    Culver AL, Ockene IS, Balasubramanian R, et al. Statin use and risk of diabetes mellitus in 
postmenopausal women in the Women’s Health Initiative. Arch Intern Med. 2012;172:
144–52.  

     40.    Walsh JME, Pignone M. Drug treatment of hyperlipidemia in women. JAMA. 2004;
291:2243–52.  

     41.    The Risk and Prevention Study Collaborative Group. n-3 fatty acids in patients with multiple 
cardiovascular risk factors. N Engl J Med. 2013;368:1800–8.  

     42.    Yokoyama M, Origasa H, Matsuzaki M, et al. Effects of eicosapentaenoic acid on major coro-
nary events in hypercholesterolaemic patients (JELIS): a randomised open-label, blinded end-
point analysis. Lancet. 2007;369:1090–8.  

    43.    American Diabetes Association. Standards of medical care for patients with diabetes mellitus 
(Position Statement). Diabetes Care. 2003;26(Suppl 1):S33–50.  

    44.   Bax JJ, Young LH, Frye RL, Bonow RO, Steinberg HO, Barrett EJ. ADA Screening for coro-
nary artery disease in patients with diabetes. Diabetes Care. 2007;30:2729–36  

    45.    American Diabetes Association. Standard of Medical Care in Diabetes Diabetes Care 
2014;37(Suppl 1):S14–S80.  

    46.    Berman DS, Kang X, Hayes SW, et al. Adenosine myocardial perfusion single-photon emission 
computed tomography in women compared with men. J Am Coll Cardiol. 2003;41:1125–33.  

    47.    Albers AR, Krichavsky MZ, Balady GJ. Stress testing in patients with diabetes mellitus. 
Diagnostic and prognostic value. Circulation. 2006;113:583–92.  

    48.   U.S. Preventive Services Task Force – USPSTF (2012) Agency for healthcare research and 
quality. Rockville, MD.    http://www.ahrq.gov/professionals/clinicians-providers/guidelines- 
recommendations/uspstf/index.html    .        

    49.    Raikowha M, Glass MR, Rutherford AJ, Michelmore K, Balen AH. Polycystic ovary syn-
drome: a risk factor for cardiovascular disease? Br J Obstet Gynecol. 2000;107:11–8.  

    50.    Cho LW, Jayagopal V, Kilpatrick ES, et al. The biological variation of C-reactive protein in 
polycystic ovarian syndrome. Clin Chem. 2005;51:1905–7.  

    51.   American Association of Clinical Endocrinologists Position Statement on metabolic and car-
diovascular consequences of Polycistic Ovary Syndrome. Polycystic Ovary Syndrome Writting 
Committee. Endocr Pract. 2005;11(2):125–34.  

     52.    American Diabetes Association. Diagnosis and classifi cation of diabetes mellitus. Position 
statement. Diabetes Care. 2010;33:562–9.  

     53.   Centers for Disease Control and Prevention. National diabetes fact sheet: general information 
and national estimates on diabetes in the United States. Atlanta: U.S Department of Health and 
Human Services, Centers for Disease Control and Prevention; 2011.   www.cdc.gov    .  

     54.   James PA, Oparil S, Carter BL, et al. 2014 evidence-based guideline for the management of 
high blood pressure in adults: report from the Panel Members Appointed to the Eighth Joint 
National Committee (JNC 8). JAMA. 2014;311(5):507–20. doi:  10.1001/jama.2013.284427    .  

      55.   Weber MA, Schiffrin EL, White WB, et al. Clinical practice guidelines for the management of 
hypertension in the community: a statement by the American Society of Hypertension and the 
International Society of Hypertension. J Clin Hypertens (Greenwich). 2014;16:14–26.  

     56.   Mancia G, Fagard R, Narkiewicz K, et al. 2013 ESH/ESC guidelines for the management of 
arterial hypertension: the Task Force for the Management of Arterial Hypertension of the 
European Society of Hypertension (ESH) and of the European Society of Cardiology (ESC). 
Eur Heart J. 2013;34:2159–219.  

    57.   American Diabetes Association. Standard of medical care in diabetes diabetes care. 2014; 
37(Suppl 1).  

    58.   Go AS, Bauman M, Coleman King SM, Fonarow GC, Lawrence W, Williams KA, Sanchez E. 
AHA/ACC/CDC Science Advisory: An Effective Approach to High Blood Pressure Control A 
Science Advisory From the American Heart Association, the American College of Cardiology, 
and the Centers for Disease Control and Prevention. J Am Coll Cardiol. 2013.  

    59.   Stone NJ, Robinson J, Lichtenstein AH, et al. 2013 ACC/AHA guideline on the treatment of 
blood cholesterol to reduce atherosclerotic cardiovascular risk in adults: a report of the 
American College of Cardiology/American Heart Association Task Force on Practice 
Guidelines. J Am Coll Cardiol. 2013. doi:  10.1016/j.jacc.2013.11.002    .    

I. Antonetti and G.P. Velarde

http://www.ahrq.gov/professionals/clinicians-providers/guidelines-%c2%adrecommendations/uspstf/index.html.
http://www.ahrq.gov/professionals/clinicians-providers/guidelines-%c2%adrecommendations/uspstf/index.html.
http://www.cdc.gov/
http://dx.doi.org/10.1001/jama.2013.284427
http://dx.doi.org/10.1016/j.jacc.2013.11.002


   Part III 
   Pregnancy and Heart Disease        



289H.Z. Mieszczanska, G.P. Velarde (eds.), 
Management of Cardiovascular Disease in Women, 
DOI 10.1007/978-1-4471-5517-1_14, © Springer-Verlag London 2014

           Introduction 

 Cardiovascular disease affects only 1–4 % of pregnancies, yet still accounts for 
nearly 12 % of pregnancy related deaths in the United States, making this the lead-
ing cause of non-obstetric mortality [ 1 ,  2 ]. It is also the most important cause of 
non-obstetric morbidity during pregnancy. Unfortunately, cardiovascular disease in 
pregnancy is often under recognized as a result of its rather low prevalence, even 
when pregnant women exhibit concerning signs or symptoms. Contributing to the 
diagnostic challenges, normal physiologic changes that occur during pregnancy 
can often mimic cardiac disease. The morbidity and mortality from cardiovascular 
disease in this population can be attributed to a combination of normal physiologi-
cal changes, previously unrecognized heart disease, and higher risk pre-existing 
cardiac conditions. The epidemiology of pregnant women is also changing, with 
more pregnancies complicated by advanced maternal age, assistive reproductive 
technologies and congenital heart disease [ 2 ]. Cardiovascular disease does not nec-
essarily preclude successful pregnancy, but can increase maternal and neonatal 
risk. Patients with pre-existing cardiac lesions and those at signifi cant risk for 
acquired heart disease during pregnancy should be counseled in advance about 
their risk. To assist clinicians in counseling and management of cardiovascular dis-
ease in pregnancy, we have reviewed the pertinent literature. In this chapter, we will 
summarize changes in cardiovascular physiology that occur during pregnancy and 
then outline approaches to pre-existing and acquired heart disease in pregnancy.  
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    Normal Cardiovascular Physiology of Pregnancy 

    Physiologic Changes in Pregnancy 

 Signifi cant physiologic changes occur during pregnancy. These include an increase in 
blood volume and cardiac output, an increase in red blood cell mass, a reduction in 
systemic vascular resistance and shifts in blood fl ow between organ systems [ 3 ]. 
These changes can even persist for up to 3 months post-partum [ 4 ]. 

 It is vital that clinicians understand these changes to assess and interpret symp-
toms, physical fi ndings, and electrocardiographic and echocardiographic fi ndings, 
which can either mimic or truly represent cardiac disease in pregnancy. 
Understanding these physiologic changes and their consequences in the setting of 
abnormal cardiac anatomy and physiology will also assist in risk stratifi cation of 
women with known cardiac disease. In general, those at highest risk include women 
with the Eisenmenger syndrome, pulmonary hypertension or Marfan Syndrome 
with aortopathy [ 5 ]. In these settings, pregnancy poses signifi cant risk and should 
be avoided (Table  14.1 ).

   During pregnancy, plasma volume increases by approximately 30–50 % [ 4 ]. This 
is accomplished through an increase in sodium retention and total body water. 
Women accumulate sodium during pregnancy from increased estrogen plus 
increased hepatic production of angiotensinogen and renin production in the liver, 
uterus, and kidney. Total body water is also increased through a variety of endocrine 
pathways including deoxycorticosterone, prostaglandins, prolactin, placental lacto-
gen, growth hormone, and ACTH. Red cell mass is also increased by approximately 
20–30 % and is mediated by progesterone, placental chorionic somatomammotro-
pin and prolactin [ 3 ]. The disproportionate increase in plasma volume relative to red 
cell volume results in the well-recognized anemia of pregnancy. The normal range 
for hematocrit in pregnancy is 33–38 % [ 3 ,  4 ]. 

 Cardiac output, a product of stroke volume and heart rate, is increased in preg-
nancy by as much as 50 %. This results from increases in both stroke volume and 
heart rate. Early in pregnancy, stroke volume is the predominant contributor, increas-
ing by around 30 % [ 4 ]. Later in gestation, increases in heart rate have a larger role 
in maintaining cardiac output. Both atrial natriuretic peptide and brain natriuretic 

   Table 14.1    Conditions in 
which pregnancy is 
contraindicated  

 Eisenmenger syndrome 
 Cyanosis from any cause 
 Marfan syndrome with aortopathy 
 Severe/symptomatic mitral or aortic stenosis 
 Pulmonary arterial hypertension from any cause 
 Symptomatic heart failure from any cause 

  Adapted from Thorne et al. [ 20 ] with permission of BMJ 
Publishing Group Ltd and Regitz-Zagrosek et al. [ 17 ] with per-
mission of Oxford University Press (UK) © European Society of 
Cardiology.   www.escardio.org/guidelines      
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peptide are increased in pregnancy, which causes peripheral vasodilation and after-
load reduction with resulting increase in cardiac output [ 3 ]. 

 Systemic vascular resistance decreases during pregnancy by up to 30 % at 
8 weeks [ 4 ]. This decrease is due to increased estrogens, progesterone, prostaglan-
dins, prolactin. Increased prostacyclin decreases the vasoconstrictive effect of 
angiotensin II during pregnancy. Nitric oxide is also increased, resulting in vaso-
dilation. Relaxin is also thought to contribute to decreased systemic vascular 
resistance [ 3 ]. 

 In addition to changes in blood volume, there are also shifts in blood fl ow 
between organ systems. Blood fl ow is increased to the uterus and kidneys [ 3 ]. 
Changes in coronary blood fl ow are not well understood, though it is likely increased 
to meet myocardial demand from increased ventricular wall muscle mass and end 
diastolic volume [ 6 ,  7 ]. Normal physiologic changes during pregnancy, labor and 
delivery, and the post-partum period are summarized in Table  14.2 .

       Symptoms During Pregnancy 

 Many symptoms that occur commonly during normal pregnancy would be concern-
ing for cardiac disease in other settings. Pregnancy is typically associated with 
fatigue, dyspnea on exertion, and decreased exercise capacity due to a combination 
of normal physiologic changes [ 8 ]. Many women also feel lightheaded and may 
even experience syncope from aortocaval compression from the gravid uterus. 
Lower extremity edema likely results from sodium retention, and may be worsened 
by decreased venous return from the lower extremities due to caval compression [ 3 ].  

    Physical Exam of Pregnant Patient 

 Pertinent vital sign changes during pregnancy include tachycardia, with heart rate 
increasing by 15–20 beats per minute and peaking at 32 weeks gestation. Blood 
pressure is decreased, particularly the diastolic pressure, resulting in a widened 
pulse pressure [ 3 ]. Physical exam demonstrates displaced apical impulse due to 
increased left ventricular mass and the more horizontal position of heart due to 

   Table 14.2    Physiologic changes during pregnancy, labor and delivery, and the post-partum period   

 Pregnancy  Labor and delivery  Postpartum 

 Plasma volume  ↑ by 30–50 %  ↓ due to blood loss  ↓ 
 Heart rate  ↑ by 15–20 beats per minute  ↑  ↓ 
 Cardiac output  ↑ by up to 50 %  ↑ again by up to 50 %  ↓ 
 Stroke volume  ↑ by 30 % during fi rst and 

second trimesters 
 ↑  ↓ 

 Blood pressure  ↓ systolic and diastolic  ↑  ↓ 
 Systemic vascular 

resistance 
 ↓  ↑  ↓ 
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diaphragmatic elevation from the uterus. Pregnant women have more pronounced 
jugular venous pulsations, which is likely related to increased volume and decreased 
systemic vascular resistance. Auscultation reveals a split S1, probably due to early 
closure of the mitral valve. The second heart sound is widely split, likely because of 
increased pulmonary blood fl ow. A systolic murmur is often audible due to increased 
fl ow and relative valvular stenosis. A physiologic third heart sound (S 3 ), refl ecting 
the increased blood volume, can sometimes be auscultated. 

 Electrocardiographic changes during pregnancy include an increase in heart rate 
and leftward shift of the QRS and T-wave axis because of upward and horizontal 
displacement of the heart by the gravid uterus [ 9 ]. Interestingly, estrogen may have 
a digoxin-like effect on the ECG, causing ST segment depressions [ 9 ]. 
Echocardiography during pregnancy may reveal an increase in left atrial size and 
left ventricular wall mass [ 10 ,  11 ]. It is important to consider the patient’s position 
when interpreting symptoms, vital signs, and physical exam fi ndings due to 
increased inferior vena cava compression while supine. This may be relieved by 
having the patient move to the left lateral decubitus position, where inferior vena 
cava compression is minimized [ 3 ]. Up to 11 % of women are diagnosed formally 
with the supine hypotensive syndrome of pregnancy, which is due to the same phe-
nomenon of inferior vena cava compression [ 12 ]. These women have tachycardia 
and symptomatic hypotension with weakness, lightheadedness, nausea, dizziness, 
and syncope [ 3 ].  

    Labor and Delivery 

 Labor and delivery are associated with dramatic hemodynamic changes, which vary 
with duration of labor and associated pain as well as type of anesthesia. During 
labor, cardiac output may increase by as much as 50 % [ 3 ]. Oxygen consumption 
also increases, by as much as 30 % [ 13 ]. Uterine contractions are associated with 
dramatic shifts in blood distribution, with autotransfusion of 300–500 ml of blood 
from the uterus to the systemic circulation [ 14 ]. Transient hypotension occurs in 
60 % of cesarean deliveries with either epidural or spinal anesthesia [ 15 ]. Vaginal 
deliveries are typically result in 300–400 ml estimated blood loss, while cesarean 
deliveries are associated with 500–800 ml of blood loss.  

    Postpartum Changes 

 Some changes in pregnancy persist following delivery, in subsequent pregnancies, 
and beyond. In particular, cardiac output and left ventricular volumes increase during 
pregnancy and remain elevated in the year following pregnancy, with greater increase 
in women who have had multiple pregnancies [ 11 ]. While many of the cardiovascu-
lar changes during pregnancy appear to be adaptive, women with higher parity 
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appear to be at increased cardiovascular risk later in life, at least based on prospec-
tive data [ 16 ]. The long-term consequences of pathologic changes to cardiovascular 
function such as peripartum cardiomyopathy will be addressed in a later section.  

    Medication Adjustment 

 Whether medically managing cardiac disease or an unrelated chronic or acute medi-
cal condition, the impact of the cardiovascular changes during pregnancy on medi-
cation pharmacokinetics must be considered. Plasma volume is increased and 
plasma proteins are decreased, which results in variable binding, delivery, and elim-
ination of drugs. Glomerular fi ltration is increased, which leads to more rapid elimi-
nation of renally cleared medications. Similarly, there is increased hepatic blood 
fl ow with faster hepatic clearance [ 4 ]. Medical management of specifi c cardiac con-
ditions will be addressed later in the chapter.  

    Summary of Cardiovascular Changes in Pregnancy 

 Cardiovascular disease, while rare in pregnancy, is an important cause of morbidity 
and mortality. Profound hemodynamic changes include increased blood volume and 
cardiac output, decreased systemic vascular resistance, and shifts in blood fl ow 
between different organ systems. Pregnant women have faster heart rates and lower 
blood pressure than their non-pregnant counterparts. Their cardiac exam also dif-
fers, with changes in point of maximum impulse and new murmurs. They may dem-
onstrate electrocardiographic changes including T wave inversions and ST segment 
depression. Echocardiograms performed on pregnant women may reveal increased 
left ventricular mass. These changes can vary dramatically from minute to minute 
based on body position and from week to week based on gestational age. It is impor-
tant for obstetricians, anesthesiologists, and cardiologists to be familiar with the 
normal changes in pregnancy and their effects on women with and without cardiac 
disease during their pregnancies and beyond.   

    Risk Stratifi cation of Women with Pre-existing 
Heart Disease Considering Pregnancy 

    Overview 

 Cardiac disease is the leading cause of non-obstetric mortality in pregnancy. Given 
that certain pregnant women are at higher risk than others, risk assessment should 
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be tailored to the individual patient and potential pathology. However, this is com-
plicated by limited data on disease-specifi c predictors of outcome as well as 
changing demographics of pregnant women and advances in diagnostic testing 
and therapeutic interventions [ 17 ]. As there are a growing number of adults sur-
viving with congenital heart disease, it comes as no surprise that this is the most 
common form of heart disease presenting to high-risk obstetrical referral centers 
in North America [ 18 ]. In general, the risk of pregnancy complications increases 
with the complexity of congenital heart disease [ 19 ]. Women of childbearing age 
with cardiac disease should be counseled on issues of contraception, maternal and 
fetal risks of pregnancy, and potential long-term maternal morbidity and mortality. 
Pregnancy- related risk is cumulative, therefore risk increases with each additional 
cardiac or non-cardiac condition (i.e. diabetes) [ 18 ,  20 ]. Furthermore, there is an 
increasing number of pregnancies complicated by advanced maternal age [ 21 ]. 
Capabilities exist now to detect and monitor cardiac disease in both the mother 
and the fetus, for instance with troponin assays and fetal echocardiography [ 22 ]. 
Diagnosis, management, and counseling regarding risks for the mother and fetus 
during pregnancy is limited by the lack of prospective or randomized studies so 
the onus remains on clinicians to apply available data and guidelines to individual 
patients [ 17 ]. First, a more generalized approach to risk stratifi cation of women 
with heart disease that pre-exists pregnancy will be presented. Following this, 
risks of specifi c congenital, valvular, and rhythm abnormalities will be addressed.  

    Assessment of Risk in Patients with Preexisting Cardiac Disease 

 Siu and colleagues [ 18 ] have developed a risk stratifi cation tool to further quantify 
cardiac risk during pregnancy in women with both congenital and acquired heart 
disease. Cardiac events in these women are most commonly pulmonary edema or 
arrhythmia. Four risk factors should be assessed:

    1.    Prior cardiac event, including heart failure, transient ischemic attack, stroke or 
arrhythmia preceding pregnancy   

   2.    New York Heart Association Class III or IV, or cyanosis   
   3.    Left atrial outlet obstruction with mitral valve area <2 cm 2  or left ventricular 

outfl ow tract obstruction with aortic valve area <1.5 cm 2  or peak left ventricular 
outfl ow gradient >30 mmHg on echocardiogram   

   4.    Left ventricular systolic dysfunction with ejection fraction <40 % [ 18 ].    

  This validated risk score may be used to predict the risk for cardiac complications 
(Table  14.3 ). In patients with pre-existing cardiac disease and no risk factors, the risk 
for a maternal cardiac event during pregnancy or peripartum is 5 %. The presence of 
one risk factor increases this to 25 %. Women with known cardiac disease and more 
than one risk factor are at a signifi cantly higher risk for a cardiac event (75 %) [ 18 ].

   Maternal functional class is an important predictor of outcome with NYHA 
functional class III (marked limitation of physical activity) and IV (symptomatic at 
rest) predicting higher maternal cardiac events. 
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 The World Health Organization (WHO) has also developed a tool for risk strati-
fi cation (Table  14.4 ), which has been adopted by the European Society of Cardiology 
[ 17 ]. In this schema, pregnancies are classifi ed into one of four risk classifi cations:

   WHO class I is considered low risk, II corresponds to moderate risk, III is high 
risk, and IV is very high risk. Distinction between class II and III must be especially 
individualized, with increased risk with more risk factors or a combination of 
conditions. 

 It may be appropriate for women in class I to be seen by a cardiologist only one 
or two times during pregnancy. Cardiology follow-up for women in class II should 
occur at least every trimester. Due to the high risk for morbidity and mortality in 
class III, these women benefi t from preconception counseling from an expert cardi-
ologist and a high risk obstetrician, should be evaluated by a cardiologist approxi-
mately monthly during pregnancy, and require close monitoring postnatally [ 17 ]. 
Higher risk pregnancies should be managed by maternal and fetal medicine obste-
tricians in conjunction with cardiologists. Preferred mode of delivery for women 
with signifi cant cardiac risk is usually vaginal given the smaller volume blood loss 
and less dramatic changes in hemodynamics. However, this should be tailored to the 
individual patient and in some instances early cesarean delivery is required [ 17 ]. 
Conditions in which pregnancy is contraindicated (WHO Class IV) are listed in 
Table  14.1  above. When women with these lesions reach child bearing age, they 
should be counseled that pregnancy is contraindicated. 

 Congenital, valvular, and acquired cardiac conditions are categorized into WHO 
classes I through IV in Table  14.5 .

   Table 14.3    Quantifying 
cardiac risk during 
pregnancy   

   Table 14.4    WHO classifi cation of maternal cardiovascular risk   

 WHO 
class  Pregnancy risk 

 Frequency of cardiac 
follow-up 

 I  Low: risk of maternal morbidity or mortality no higher 
than in general population 

 Once or twice during 
pregnancy 

 II  Moderate: small increase in risk of maternal morbidity or 
mortality 

 At least every trimester 

 III  High: signifi cant increase in risk of severe maternal 
morbidity or mortality 

 Monthly during 
pregnancy 

 IV  Very high: pregnancy contraindicated due to very high 
risk of severe maternal morbidity or mortality 

 Every 2–4 weeks during 
pregnancy 

  Adapted from Thorne et al. [ 20 ] with permission of BMJ Publishing Group Ltd.  

 Number of risk factors 
 Risk for cardiac event during 
 pregnancy (%) 

 0  5 
 1  25 
 2  75 

  Adapted from Regitz-Zagrosek et al. [ 17 ]. With permission of 
Oxford University Press (UK) © European Society of Cardiology. 
  www.escardio.org/guidelines      
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       Very High Risk Lesions 

    Congenital 

 As outlined above, one of the highest risk conditions is the Eisenmenger syndrome 
whereby a left to right shunt caused by a congenital heart defect causes increased 
fl ow through the pulmonary vasculature, causing pulmonary hypertension, which in 
turn causes increased pressures in the right side of the heart and reversal of the shunt 
into a right-to-left shunt. This is high risk from the combination of pulmonary 
hypertension and systemic cyanosis from the resultant right to left shunting. 
Pulmonary hypertension is generally considered to be elevated pulmonary arterial 
pressures (with varying cut-offs for mean pulmonary artery pressures) with impair-
ment of right ventricular function. Potential consequences of pulmonary hyperten-
sion in pregnant and postpartum women include pulmonary hypertensive crises, 
pulmonary thrombosis, and refractory right heart failure [ 17 ]. Additional risks of 
the Eisenmenger syndrome that can be attributed to cyanosis include heart failure, 
supraventricular tachycardia, infective endocarditis, and thromboembolism. The 
risk for thromboembolism must be balanced with concurrent risk for hemoptysis 
and thrombocytopenia [ 17 ]. Maternal mortality in the Eisenmenger syndrome var-
ies from 28 to 36 %, with the time period of highest risk being the month following 
delivery [ 23 ,  24 ]. Risk is increased with late presentation to the hospital, more 
severe pulmonary hypertension, and requirement of delivery under general anesthe-
sia [ 24 ]. Given the signifi cant maternal risk, women with the Eisenmenger syn-
drome or pulmonary hypertension should be counseled to avoid pregnancy. It is 
important to note that some pulmonary hypertension medications like bosentan 
decrease the effi cacy of hormonal contraception [ 25 ]. The fetus is at risk for prema-
ture delivery or demise in the presence of maternal cyanosis, with <12 % chance of 
live birth with maternal oxygen saturation <85 % or polycythemia to hemoglobin of 
>20 g/dL preceding pregnancy [ 17 ,  26 ]. Management includes continuation of pul-
monary hypertensive medications, possible bedrest, consideration of prophylaxis of 
thromboembolism, judicious use of diuretics to avoid volume depletion, treatment 
of iron defi ciency, and frequent monitoring of oxygen saturation and complete 
blood counts. During delivery, regional anesthesia is preferable to general, and early 
cesarean delivery may become necessary if maternal or fetal deterioration is evident 
[ 17 ]. 

 Severe coarctation of the aorta is also a high risk lesion. It poses a signifi cant risk 
for hypertensive disease to the mother, which can result in rupture to aortic or cere-
bral aneurysms [ 17 ]. In one series, risk for maternal mortality during pregnancy was 
2 % [ 27 ]. Good control of blood pressure is critical, though this must be balanced 
by avoiding placental hypoperfusion with overly aggressive blood pressure control. 
Percutaneous intervention for coarctation is possible during pregnancy, though the 
risk dissection with the procedure is higher during pregnancy. Thus, this is typically 
only attempted in the peripartum period when medical management has failed and 
there is clear evidence of fetal or maternal compromise [ 17 ]. 

E.O. Miller et al.



299

 The major risk for Marfan syndrome with aortopathy is aortic dissection during 
pregnancy, and patients with higher degree of aortic dilatation are considered WHO 
pregnancy class IV. As in non-pregnant patients, risk for dissection correlates 
directly with aortic root diameter, with the largest risk occurring in patients with 
aortic diameter >40 mm. It is thought that historically, the risk for dissection was 
over-estimated due to case reports with potential biases. Now, studies have demon-
strated that pregnancy apparently has little effect on aortic dilatation in Marfan syn-
drome [ 28 ]. Complications of dissection include worsening mitral regurgitation, 
supraventricular arrhythmias, heart failure, and acute blood loss. Since pregnant 
women and the fetus have decreased ability to tolerate these complications, Marfan 
patients at greatest risk for dissection with aortic root diameter >45 mm should be 
counseled that pregnancy is contraindicated. Monitoring includes echocardiography 
every 1–3 months during pregnancy and again 6 months postnatally [ 17 ]. Medical 
management typically includes beta blockade due to potential for protection from 
more rapid aortic dilatation, though there is limited data confi rming this effect [ 29 ]. 
Fetal growth must be monitored with mothers on beta blockers, with greater risk for 
fetal growth impairment with atenolol [ 17 ]. Both vaginal and cesarean delivery may 
be considered, with the primary goal of minimizing the cardiovascular stress of 
delivery as much as possible through continuation of beta blockade and expedition 
of some stages of labor and delivery [ 17 ] (Table  14.6 ).

       Valvular 

 Mitral stenosis (MS) due to rheumatic heart disease is the most common valvular 
anomaly that becomes clinically signifi cant in pregnancy, and if severe (with valve 
area <1.0 cm 2 ), is a contraindication to pregnancy [ 17 ,  30 ]. Women should be coun-
seled that their symptoms will worsen during pregnancy. The increase in heart rate 
and stroke volume during pregnancy increases the pressure gradient across the nar-
rowed mitral valve. This leads to further increase in left atrial volume and pressure 
with subsequent pulmonary congestion, worsening dyspnea, orthopnea, reduced 
exercise tolerance, and potentially atrial fi brillation [ 17 ,  31 ]. Maternal mortality is 
reported between 1 and 3 % [ 17 ]. Requirement for hospitalization was uniform in 
one series of women with severe mitral stenosis, and 15 % required surgical repair 
during pregnancy [ 32 ]. Fetal risks include prematurity, intrauterine growth retarda-
tion, and fetal or neonatal demise (up to 3 %) [ 31 ]. Both severity of mitral stenosis 
and resulting heart failure symptoms are directly correlated with maternal and fetal 
complications. Maternal complications include worsening heart failure, need for 
surgery or balloon valvuloplasty, thromboebmolism, and death. Fetal complications 
include premature birth, small for gestational age, respiratory distress, and death 
[ 33 ,  34 ]. Ideally, severe mitral stenosis would be repaired prior to pregnancy, which 
can decrease pregnancy risk from WHO class IV to class II or III [ 20 ]. During preg-
nancy, echocardiograms should be performed monthly, or sooner if symptoms war-
rant. The goal of medical management of mitral stenosis during pregnancy is to 
decrease heart rate and minimize left atrial enlargement [ 35 ]. If symptomatic 
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pulmonary hypertension develops, women should have their activity restricted and 
they should be started on a selective beta 1 antagonists. Selective beta 1 antagonists 
are preferred due to the role of beta 2 receptors in uterine relaxation. Metoprolol is 
preferred over atenolol due to the potential for greater fetal growth restriction with 
atenolol [ 17 ]. Fluid status should be monitored closely and managed with fl uid 
restriction or gently diuresis, avoiding hypotension and potentially catastrophic pla-
cental hypoperfusion [ 35 ]. Women with mitral stenosis during pregnancy are at 
increased risk for atrial arrhythmias, and management of these will be addressed in 

  Table 14.6    Maternal risk 
associated with pre-existing 
cardiac disease  

  Low risk  
 Mild pulmonic stenosis 
 Small ventricular septal defect 
 Small patent ductus arteriosus 
 Repaired atrial septal defect 
 Repaired ventricular septal defect 
 Repaired total anomalous pulmonary venous return 
 Mitral valve prolapse without signifi cant mitral regurgitation 
 Isolated premature ventricular contractions 
 Isolated premature atrial contractions 
  Moderate risk  
 Unrepaired atrial septal defect 
 Repaired tetralogy of Fallot 
 Most arrhythmias 
  Moderate to high risk  
 Hypertrophic cardiomyopathy 
 Marfan syndrome without aortic root dilatation 
 Native or bioprosthetic valvular heart disease not considered 

very high risk 
 Heart transplantation 
 Mild left ventricular impairment 
  High risk  
 Repaired transposition of the great arteries 
 Previous Fontan repair 
 Mechanical valve 
  Very high risk  
 Eisenmenger syndrome 
 Uncorrected congenital cyanotic heart disease with hypoxia at 

rest 
 Severe coarctation of the aorta 
 Marfan syndrome with aortopathy 
 Severe mitral stenosis 
 Severe aortic stenosis with symptoms 
 Pulmonary hypertension 
 Heart failure with LVEF <30 % or NYHA Class III or IV 

  Adapted from Thorne et al. [ 20 ] with permission of BMJ 
Publishing Group Ltd and from Regitz-Zagrosek et al. [ 17 ] with 
permission of Oxford University Press (UK) © European 
Society of Cardiology.   www.escardio.org/guidelines      
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the following section on acquired heart disease during pregnancy. Percutaneous 
mitral valve balloon valvotomy may be considered after 20 weeks gestation in 
women with signifi cant heart failure symptoms (NYHA Class III or IV) who have 
failed medical management [ 35 ]. Delivery should be vaginal in women without 
pulmonary hypertension and NYHA class I or II heart failure symptoms, while 
cesarean delivery is favored in women with NYHA class III or IV heart failure 
symptoms and pulmonary hypertension [ 17 ]. 

 Severe aortic stenosis places women at very high risk for complications during 
pregnancy. The most common cause of aortic stenosis in women of childbearing age 
is congenital bicuspid aortic valve [ 17 ]. Symptomatic severe aortic stenosis is defi ned 
as a valve area ≤1 cm 2  or peak gradient ≥64 mmHg in the presence of dyspnea on 
exertion, chest pain, or syncope, or an abnormal exercise stress test. The risk for mater-
nal mortality was previously thought to be as high as 17 % [ 36 ]. More recent series 
show that maternal mortality is rare [ 37 ]. Symptoms of aortic stenosis, including 
angina, dyspnea, and syncope, typically worsen or even appear for the fi rst time during 
pregnancy. In all grades of aortic stenosis, increased cardiac output during pregnancy 
leads to increases in transvalvular aortic gradients [ 32 ]. 10 % of patients with severe 
aortic stenosis experience signs and symptoms of heart failure during pregnancy, and 
anywhere between 3 and 25 % will develop arrhythmias [ 38 ]. Such complications are 
rare in mild or moderate disease [ 37 ]. Women with aortic stenosis should be moni-
tored carefully during pregnancy with monthly or bimonthly echocardiograms [ 17 ]. If 
signs or symptoms of heart failure develop, patients should be managed with activity 
restriction, gentle diuresis, and treatment of arrhythmias. Percutaneous valvuloplasty 
may be attempted during pregnancy in patients without evidence of calcifi cation or 
aortic regurgitation [ 39 ]. Delivery in severe symptomatic aortic stenosis should be by 
cesarean section with general anesthesia, and in some cases early cesarean delivery 
with subsequent surgical aortic valve replacement is required [ 17 ].  

    Acquired 

 Pulmonary hypertension from an acquired causes such as lung disease, hypoxia, 
and chronic thrombo-embolic disease is managed the same as pulmonary hyperten-
sion from congenital heart disease, which was addressed previously. A mean PAP 
≥25 mmHg at rest is indicative of pulmonary hypertension. The risk probably 
increases with more elevated pulmonary pressures.   

    High Risk 

    Congenital 

 Patients with transposition of the great arteries generally fall into WHO class III for 
pregnancy risk. Whether corrected in utero (known as congenitally corrected 
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transposition of the great arteries or atrioventricular and ventriculo-arterial discor-
dance), or surgically after birth with an arterial switch operation (Senning or 
Mustard repair), risk is apparently similar [ 17 ]. Pregnancy complications include 
potentially life-threatening arrhythmias, hypertensive disease, worsening heart fail-
ure symptoms, and irreversible decline in right ventricular function [ 17 ,  40 ]. Patients 
with transposition of the great arteries are at increased risk for AV nodal blockade 
and bradycardia, so beta blockers must be used with caution. Cardiac follow up 
should occur frequently during pregnancy, with echocardiograms and ECGs every 
1–2 months. Vaginal delivery is usually appropriate in the absence of any hemody-
namic decompensation [ 17 ]. 

 Pregnancy risk for women with who have had the Fontan procedure depends on 
the hemodynamics of the circuit, with better prognosis and lower risk in women 
with a more optimal circuit [ 17 ]. Maternal complications include atrial arrhythmias 
and worsening heart failure symptoms, and there is increased risk for fetal loss, 
premature birth, and small for gestational age size [ 41 ]. Patients should be evaluated 
by a cardiologist monthly during and immediately following pregnancy. ACE inhib-
itors must be discontinued, and anticoagulation to prevent thrombo-embolism 
should be considered. Vaginal delivery is preferred, though early cesarean delivery 
may be necessary if worsening heart failure occurs [ 17 ].  

    Valvular 

 Mechanical valves are WHO class III. In women of child-bearing age, mechani-
cal valves have the advantage of excellent hemodynamics and higher durability 
when compared with bioprosthetic valves. The major disadvantage is the risk for 
valve thrombosis, which can be fatal, and the potential complications of full 
anticoagulation during pregnancy. The risk for teratogenicity on warfarin is 
6.4 %. Warfarin crosses the placenta and typically causes primarily central ner-
vous system abnormalities. The risk for warfarin embryopathy can be effec-
tively eliminated with substitution of heparin beginning by 6 weeks gestation 
through 12 weeks, and then resumption of oral anticoagulation with warfarin 
until delivery is planned [ 42 ]. Women requiring lower warfarin doses (<5 mg 
per day) have a 2.6 % risk of teratogenesis while women on higher doses (>5 mg 
per day) have an 8 % risk [ 43 ]. However, the risk for valve thrombosis is directly 
related to the time spent on heparin in place of warfarin, with 3.9 % thrombosis 
with only oral anticoagulation, 9.2 % for heparin in the fi rst trimester, and 33 % 
for heparin throughout pregnancy [ 42 ]. These risks must be weighed by the 
patient and physician, and will inform the decision regarding anticoagulation 
regimen. Close monitoring of anticoagulation and evidence of possible valve 
thrombosis should be performed throughout pregnancy. Vaginal delivery is con-
traindicated for pregnant women on warfarin due to the risk for neonatal intra-
cranial hemorrhage. Given the concurrent risk for maternal hemorrhage with 
cesarean section on warfarin, planned vaginal delivery with transition back to 
heparin is preferred [ 17 ].   
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    Moderate to High Risk 

    Congenital 

 Hypertrophic cardiomyopathy is the most common heritable cardiac disease, and it 
is frequently diagnosed during pregnancy [ 17 ]. Fortunately, women without symp-
toms or high ventricular outfl ow gradient preceding pregnancy typically tolerate 
pregnancy well and are considered WHO class II. Risks include worsening heart 
failure and pulmonary congestion, and signs and symptoms of left ventricular out-
fl ow tract obstruction such as syncope. Management includes beta blockade in 
patients with septal wall thickness >15 mm or with moderate to severe left ventricu-
lar outfl ow tract obstruction [ 44 ]. Delivery should be planned in most cases, and 
decision for regional versus general anesthesia must be decided based on patient 
characteristics. Epidural anesthesia can cause worsening of left ventricular outfl ow 
tract obstruction due to systemic vasodilation [ 17 ].  

    Valvular 

 Many valvular lesions and those that have been replaced with a bioprosthetic valve 
are WHO class II-III. Bioprosthetic valves are generally well tolerated in preg-
nancy, and pregnancy appears to have no effect on valve durability [ 45 ]. Mitral 
valve prolapse is the most common cause of mitral regurgitation in pregnancy, and 
is generally well tolerated. In contrast to mitral stenosis, mitral regurgitant lesions 
benefi t from the favorable effects of decreased systemic vascular resistance and 
increased blood volume [ 46 ].   

    Moderate Risk 

    Congenital 

 Uncorrected atrial septal defects place pregnant women in WHO class II. Women of 
childbearing age with atrial septal defects that are hemodynamically signifi cant 
should be offered closure prior to pregnancy, as this would signifi cantly decrease 
pregnancy risk related to the atrial septal defect [ 17 ]. Maternal risks include throm-
boembolism, and arrhythmias, with the risk for arrhythmias especially high in preg-
nant women over the age of 30 [ 19 ,  47 ]. Fetal risks include pre-eclampsia and small 
for gestational age birth [ 17 ]. A cardiologist typically need only see pregnant women 
with unrepaired atrial septal defects twice during pregnancy. Transcatheter device 
closure may be considered during pregnancy if the patient is deteriorating. Given 
the risk of paradoxical embolism, attempts should be made to minimize venous 
stasis, including compression stockings, mobilization as able, and potentially 
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medical deep venous thrombosis prophylaxis if bedrest is required for other  reasons. 
Vaginal delivery is usually appropriate [ 17 ]. 

 Women with repaired tetralogy of Fallot typically tolerate pregnancy well, and 
are considered WHO class II. Maternal risks include arrhythmias, heart failure, 
right ventricular dilatation, thrombo-embolism, aortic root dilatation, and endocar-
ditis, and occur in up to 12 % of women [ 48 ]. Fetal risk is likely increased as well. 
Most women with repaired tetralogy of Fallot can be seen by a cardiologist once per 
trimester. Those with severe pulmonary regurgitation are at increased risk for car-
diac complications, especially irreversible right ventricular dilatation, and should 
have more frequent follow up with monthly or bimonthly echocardiograms. Vaginal 
delivery is almost always appropriate [ 17 ].  

    Acquired 

 Most arrhythmias are considered WHO pregnancy risk class II, with moderate risk to 
mother and fetus. Most occur in the setting of congenital or valvular heart disease, 
endocrine abnormalities such as hyperthyroidism, or cardiomyopathy [ 17 ]. 
Management of arrhythmias during pregnancy will be addressed later in the chapter.   

    Low Risk 

    Congenital 

 Uncomplicated, mild pulmonary stenosis, ventricular septal defect, and patent duc-
tus arteriosus are all low risk congenital heart lesions, falling into WHO pregnancy 
risk class I. However, clinicians should be aware that dramatic increases in cardiac 
output may lead to right heart failure or atrial arrhythmias despite mild or asymp-
tomatic disease prior to pregnancy [ 49 ]. 

 Severe pulmonary stenosis with peak Doppler gradient >64 mmHg should be 
repaired prior to pregnancy. In women with mild pulmonary stenosis, there is 
increased risk for hypertensive diseases of pregnancy, and likely some risk of 
increased fetal complications as well, though this has not been well quantifi ed. 
Cardiac follow-up once per trimester is appropriate, and vaginal delivery is well 
tolerated in asymptomatic patients. Small, non-hemodynamically signifi cant ven-
tricular septal defects are similarly well tolerated during pregnancy. Patients should 
have a pre-pregnancy evaluation of the size of the defect, cardiac dimensions, and 
estimated pulmonary pressures with an echocardiogram. The main maternal risk is 
likely hypertensive disease of pregnancy. Cardiac follow-up should occur twice 
during pregnancy and vaginal delivery is appropriate. Women with repaired ostium 
secundum atrial septal defects, ventricular septal defects, patent ductus arteriosus, 
and total anomalous pulmonary venous return are all similarly at low pregnancy 
risk [ 17 ].  
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    Valvular 

 Mitral valve prolapse without mitral regurgitation is low risk, while mitral valve 
prolapse with more than trivial mitral regurgitation would be considered WHO 
pregnancy risk class II-III [ 17 ].  

    Acquired 

 Isolated premature ventricular contractions and premature atrial contractions are 
low risk in pregnancy [ 17 ].   

    Risk to the Fetus/Neonate 

 A general approach to assessing risk for adverse neonatal outcomes has also been 
developed, with the most common risks to the infant being premature birth or small-
for- gestational-age birth weight [ 18 ]:

    1.    New York Heart Association Class III or IV, or cyanosis   
   2.    Left atrial outlet obstruction with mitral valve area <2 cm 2  or left ventricular 

outfl ow tract obstruction with aortic valve area <1.5 cm 2  or peak left ventricular 
outfl ow gradient >30 mmHg on echocardiogram   

   3.    Heparin or warfarin administration during pregnancy   
   4.    General pregnancy risk factors, including smoking during pregnancy and multi-

ple gestation pregnancies.    

      Additional Counseling Considerations 

 For pregnant women with congenital heart disease or a heritable cardiovascular 
condition, detailed family history and genetic counseling are warranted. Family his-
tory should include questions about any cardiac disease and specifi cally sudden 
death for unclear causes [ 17 ]. Women with congenital heart disease should be coun-
seled that their children would be at an approximately tenfold higher risk of con-
genital heart disease when compared with the general population. The risk for 
transmission varies of course, depending on the underlying disease. Interestingly, 
left sided obstructive lesions have a higher rate of transmission to offspring than 
other types of congenital heart disease [ 5 ]. Some lesions, such as atrioventricular 
septal defects, follow single gene inheritance. Others, such as tetralogy of Fallot, 
are polygenic. Marfan syndrome, hypertrophic cardiomyopathy, and long QT syn-
drome are autosomal dominant, with 50 % risk of transmission to offspring [ 17 ]. 
Transposition of the great arteries appears to be sporadic [ 26 ]. Genetic testing 
should be considered in cardiomyopathies and chanellopathies, when other family 
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members are affected, and if there are other anatomic or developmental abnormali-
ties due to risk for a genetic syndrome. For pregnancies in women affected by con-
genital heart disease, fetal echocardiography should be offered in the 19th–22nd 
week of pregnancy. Nuchal fold thickness offers earlier screening for congenital 
heart disease in the 12th–13th week of pregnancy [ 17 ].  

    Summary of Pre-existing Heart Disease in Pregnancy 

 Cardiac risk stratifi cation is an important part of counseling and management of 
pregnant women. Risk is variable, but general principles can be applied help quan-
tify risk to both the mother and fetus in women with congenital heart disease as well 
as previously acquired valvular disease, arrhythmias, or cardiomyopathies. Risk 
assessment should be used to guide counseling, management, and monitoring.   

    Acquired Heart Disease During Pregnancy 

    Overview 

 The prevalence of cardiovascular disease during pregnancy is increasing. This is, in 
part, due to the increasing age (25–44 years) of women at fi rst pregnancy. Older 
women are more likely to have the traditional risk factors of chronic hypertension, 
diabetes and preexisting coronary artery disease. Emerging risk factors, such as 
maternal obesity and gestational hypertension also contribute to the rise in heart 
disease associated with pregnancy [ 2 ]. This section describes the cardiac diseases 
that are commonly encountered during pregnancy, including hypertensive disor-
ders, cardiomyopathies, coronary artery disease and arrhythmias.  

    Hypertension 

 Hypertension is a major cause of maternal, fetal and neonatal morbidity and mortal-
ity and occurs in up to 15 % of pregnancies [ 50 ]. The hypertensive disorders in 
pregnancy consist of: (1) chronic, or preexisting, hypertension; (2) gestational 
hypertension, including preeclampsia; (3) preexisting hypertension with superim-
posed gestational hypertension plus proteinuria, and; (4) hypertension [ 51 ]. These 
disorders are summarized in Table  14.7 .

   Pregnant women with untreated hypertension have higher incidences of stroke, 
abruptio placentae, disseminated intravascular coagulation and end-organ damage. 
The fetal complications of untreated hypertension include premature birth, intra-
uterine growth retardation and death. 
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 Preeclampsia is a complication of pregnancy that is characterized by hyperten-
sion and proteinuria in a previously normotensive woman. It develops in the later 
stages of pregnancy, usually during the third trimester, but can present as early as 
20 weeks of gestation. The etiology of preeclampsia is unclear. Proposed mecha-
nisms include mutations in angiotensinogen [ 52 ] and associations with certain 
human leukocyte antigen (HLA) types [ 53 ]. 

 Risk factors for preeclampsia include [ 54 ]:

•    previous preeclampsia  
•   fi rst pregnancy  
•   multiple fetuses  
•   diabetes  
•   chronic hypertension  
•   hydatiform mole    

 Complications of untreated severe preeclampsia include:

•    headache with visual disturbance  
•   blindness  
•   right upper quadrant pain  
•   hyperrefl exia  
•   HELLP syndrome (hemolysis, transaminitis, thrombocytopenia)    

 Eclampsia is the development of a seizure disorder in the setting of 
preeclampsia. 

    Treatment 

 For all types of hypertensive disorders during pregnancy, management depends on 
degree of hypertension, gestational age and risk factors; however, close monitoring 
is always recommended (Table  14.8 ).

   Table 14.7    Hypertensive disorders of pregnancy   

 Hypertensive 
disorder  Defi nition  Incidence (%) 

 Proteinuria 
present 

 Chronic  BP≥140/90 mmHg that precedes 
pregnancy, develops before 
20 weeks of gestation or persists 
beyond the 42nd day postpartum 

 1–5  ± 

 Gestational  Hypertension that develops after 
20 weeks of gestation, is not 
associated with proteinuria and 
resolves by 12 weeks postpartum 

 6–7  ± 

 Preeclampsia  De novo hypertension plus new-onset 
proteinuria, usually occurring 
during the third trimester 

 5–7 (25 % in women 
with preexisting 
hypertension) 

 Yes, >0.3 g/24 h 

14 Heart Disease in Pregnancy



308

   Patients with preexisting hypertension may usually continue their medications 
during pregnancy, with the exception of angiotensin converting enzyme (ACE) 
inhibitors, angiotensin receptor blockers (ARB) and direct renin inhibitors, all of 
which are contraindicated during pregnancy. The treatment of mild-to-moderate 
hypertension (systolic blood pressure (SBP) 140–169 mmHg and diastolic blood 
pressure (DBP) 90–109 mmHg) without superimposed gestational hypertension or 
proteinuria is controversial, given the potential effects on perfusion to the fetus [ 17 ]. 
Cases of severe hypertension (SBP 160–180 mmHg and DBP >110 mmHg) may 
require immediate hospitalization for aggressive blood pressure control. The treat-
ment of preeclampsia is delivery of the fetus. 

     Table 14.8    Antihypertensive medications and their uses during pregnancy   

 Classifi cation  Medication 
 FDA 
category  Common adverse effects 

 ACE inhibitor  Benazepril, Captopril, 
Enalapril, Ramipril 

 D  Renal or tubular dysplasia, oligohy-
dramnios, growth retardation, 
ossifi cation disorders of skull, lung 
hypoplasia, contractures, large 
joints, anemia, intrauterine fetal 
death 

 ARB  Candesartan, Irbesartan, 
Valsartan 

 D  See above (ACE Inhibitor) 

 Aldosterone 
antagonist 

 Eplerenone  –  Unknown 
 Spironolactone  D  Antiandrogenic effects, oral clefts 

 Alpha-agonist  Methyldopa  B  Mild neonatal hypotension 
 Alpha-/

beta-blocker 
 Labetalol  C  Intrauterine growth retardation, neonatal 

bradycardia and hypotension 
 Beta-blocker 

(class II) 
 Atenolol  D  Hypospadias, birth defects, low birth 

weight; bradycardia and hypoglyce-
mia in fetus 

 Bisoprolol  C  Bradycardia and hypoglycemia in fetus 
 Metoprolol  C  Bradycardia and hypoglycemia in fetus 
 Propranolol  C  Bradycardia and hypoglycemia in fetus 

 Calcium channel 
blocker 

 Diltiazem (IV)  C  Possible teratogenic effects 
 Nifedipine  C  Tocolytic 
 Verapamil (PO)  C  Well-tolerated, though limited 

experience 
 Verapamil (IV)  C  May be associated with a greater risk of 

hypotension and subsequent fetal 
hypoperfusion 

 Direct renin 
inhibitor 

 Aliskiren  D  Unknown 

 Diuretic  Furosemide  C  Oligohydramnion 
 Hydrochlorothiazide  B  Oligohydramnion 

 Nitrate  Isosorbide dinitrate  B  Bradycardia 
 Vasodilator  Hydralazine  C  Fetal tachyarrhythmias, lupus-like 

symptoms (maternal) 

  Adapted from Regitz-Zagrosek et al. [ 17 ]. With permission of Oxford University Press (UK) © 
European Society of Cardiology.   www.escardio.org/guidelines      
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 Women with hypertensive disorders during pregnancy are at increased risk for 
recurrence in subsequent pregnancies. In addition, these women have increased 
risks for developing hypertension, stroke and coronary disease later in life [ 55 ,  56 ].   

    Cardiomyopathies 

 Cardiomyopathies are rare but potentially fatal complications of pregnancy [ 57 ]. 
The incidence of cardiomyopathies during pregnancy is unknown, as many cases 
are not diagnosed. The common cardiomyopathies consist of peripartum cardiomy-
opathy, hypertrophic cardiomyopathy and dilated cardiomyopathy and are dis-
cussed in this section. A group of miscellaneous cardiomyopathies, including 
infi ltrative or toxic cardiomyopathies, as well as storage diseases, may also become 
apparent during pregnancy. 

    Peripartum Cardiomyopathy 

 Peripartum cardiomyopathy (PPCM) is defi ned as de novo left ventricular systolic 
dysfunction (left ventricular ejection fraction <45 % by echocardiography) of 
unclear etiology that develops between the last month of pregnancy and 5 months 
postpartum. As such, it is a diagnosis of exclusion. Reported incidences of PPCM 
range from approximately 1:100 live births in Zaria, Nigeria to 1:4,000 live births 
in the United States [ 58 ,  59 ]. 

 Risk factors for PPCM include [ 17 ]:

•    Family history  
•   Multiparity or multiple childbirths  
•   Smoking  
•   Hypertension  
•   Diabetes  
•   Preeclampsia, eclampsia, or postpartum hypertension  
•   Malnutrition  
•   Advanced maternal age or teenage pregnancy  
•   Prolonged use of oral tocolytic beta-agonists, such as terbutaline  
•   African descent    

 PPCM may be considered a subset of pregnancy-associated cardiomyopathy 
(PACM) [ 60 ]. PACM, fi rst described in 1937, encompasses women who develop 
heart failure earlier than the last gestational month. Figure  14.1  illustrates the time 
of diagnosis among 123 patients with PACM versus PPCM [ 61 ].

   More than 50 % of women with PPCM recover normal heart function, usually 
within 6 months of delivery. A left ventricular ejection fraction (LVEF) of greater 
than 30 % at the time of diagnosis has been associated with better outcomes [ 61 ]. 
Figure  14.2  refl ects the fi ndings of a study conducted by Elkayam et al. [ 61 ] among 
40 patients with PPCM. Timing of recovery in these women is illustrated below.
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   The risk of recurrence of PPCM in subsequent pregnancies is discussed in a 
paper by Elkayam et al. [ 62 ]: among 28 patients whose LVEFs recovered normal 
function, 21 % developed heart failure symptoms, 21 % experienced a decrease in 
LVEF of more than 20, 11 % had premature deliveries and mortality rate was 0 %; 
among 16 patients whose LVEFs remained less than 50, 44 % developed heart fail-
ure symptoms, 25 % experienced a decrease in LVEF of more than 20, 37 % had 
premature deliveries and mortality rate was 19 %. 

 Repeat pregnancy is contraindicated in women whose left ventricular function 
does not normalize. Severe heart failure requiring cardiac transplant occurs in 
approximately 4 % of women with PPCM, and overall maternal mortality from 
PPCM is approximately 9 % [ 62 ]. 

 The treatment of PPCM is similar to that of other cardiomyopathies (see below). 
Case reports and experimental studies have also demonstrated the potential benefi ts 
of prolactin blockade in mice by the agent bromocriptine [ 63 ,  64 ]; however, current 
data are not suffi cient to recommend the routine use of bromocriptine to treat 
PPCM.  

    Hypertrophic Cardiomyopathy (HCM) 

 Pregnancy is generally well-tolerated in women with clinically-silent HCM. By 
contrast, women who have symptoms of heart failure before pregnancy are more 
likely to develop atrial fi brillation and syncope and have higher risks of symptom-
atic progression and maternal death. Syncope may also develop as a result of poten-
tially severe left ventricular outfl ow tract obstruction.  

    Dilated Cardiomyopathy (DCM) 

 During pregnancy, women with DCM develop left ventricular dilation and systolic 
dysfunction of unclear etiology. This disease manifests as heart failure symptoms 
and is differentiated from PPCM by time course. Whereas PPCM is diagnosed later 
in pregnancy or postpartum, DCM is diagnosed early in pregnancy, often during the 
fi rst or second trimester. 

   Treatment 

 Medical therapy for all cardiomyopathies may be initiated during pregnancy and 
continue postpartum. In general, standard heart failure medications, including beta 
blockers, digoxin, diuretics and hydralazine may be used safely. In addition, most 
ACE inhibitors and angiotensin receptor blockers, which are contraindicated during 
pregnancy, may be given postpartum.    

14 Heart Disease in Pregnancy



312

    Coronary Artery Disease 

 Acute myocardial infarction (AMI) during pregnancy is rare, occurring in approxi-
mately 3–6 per 100,000 pregnancies. Coronary artery dissection, spasm and in situ 
thrombosis occur more frequently than atherosclerosis. The incidence of maternal 
mortality after acute coronary syndrome (ACS) is approximately 5–10 % and is 
highest in the peripartum period [ 22 ,  65 ,  66 ]. This percentage is expected to grow 
with advancing maternal age and increasing numbers of high-risk pregnancies. 

 Independent risk factors of AMI during pregnancy include maternal age (usually 
older than 33 years), chronic hypertension, preeclampsia, diabetes, thrombophilia, 
postpartum infection and severe postpartum hemorrhage [ 67 ,  68 ]. Diagnostic crite-
ria of ACS during pregnancy are the same as those for non-pregnant patients. Of 
note, T-wave inversions on the electrocardiogram occur commonly in pregnancy 
and may not necessarily suggest ischemia. 

 Spontaneous coronary artery dissection occurs with greater frequency in preg-
nant women. The cause for this phenomenon is unclear, though the effect of high 
progesterone levels on the intima and media layers of the arterial wall has been 
implicated [ 66 ]. 

    Treatment 

 Medical therapy for AMI in pregnant women is similar to that used in non-pregnant 
patients. Bare metal stents (BMS) require a shorter duration of dual anti-platelet 
therapy, as compared to drug-eluting stents (DES). For this reason, BMS are recom-
mended over DES to minimize the risk of in-stent thrombosis if clopidogrel is dis-
continued in the setting of bleeding during delivery [ 69 ]. Thrombolytic agents are 
permitted in cases where cardiac catheterization facilities are not available; how-
ever, these agents increase the risk of maternal hemorrhage by approximately 8 % 
[ 18 ]. Standard therapies, including aspirin, short-term heparin, nitrates and beta- 
blockers are generally safe. ACE inhibitors and statins are contraindicated. 
Clopidogrel and glycoprotein IIb/IIIa receptor inhibitors should be used with cau-
tion, as information regarding the effects of these medications during pregnancy is 
limited. If cardiac catheterization is performed, abdominal lead shielding is used to 
protect the fetus. Medications commonly used in the treatment of coronary artery 
disease (CAD), along with their pregnancy risk categories, are listed in Table  14.9 .

   Coronary artery bypass grafting has been performed, though rarely, in pregnant 
women; however, this surgery is associated with a signifi cantly increased risk of 
fetal loss [ 66 ,  69 ].    

    Arrhythmias 

 During pregnancy, arrhythmias can be induced by a hyperdynamic state, altered 
hormone levels and exacerbation of underlying heart disease [ 62 ]. Arrhythmias 
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requiring treatment occur in up to 15 % of women with congenital heart disease 
during pregnancy [ 19 ]. Women with preexisting arrhythmias are at a higher risk of 
recurrence during pregnancy [ 70 ]. 

 The most common arrhythmias during pregnancy are premature atrial or ven-
tricular complexes, which do not require antiarrhythmic therapy. Episodes of 
symptomatic paroxysmal supraventricular tachyarrhythmias also commonly 
occur and can often be treated with vagal maneuvers. Sustained tachyarrhyth-
mias, such as atrial fi brillation and atrial fl utter, bradyarrhythmias, atrioventricu-
lar blocks and life-threatening ventricular arrhythmias are rare during 
pregnancy. 

 Women with preexisting bradyarrhythmias may develop symptoms during preg-
nancy, due to the need for increased cardiac output. Women with congenital long 
QT syndrome have a greater risk of sudden cardiac death in the postpartum period 
than either before or during pregnancy [ 71 ]. 

    Treatment 

 Ventricular rate control in pregnant women can be achieved with similar therapies 
used in non-pregnant patients. These medications include beta-blockers, digoxin 
and adenosine. Antiarrhythmic drugs and their pregnancy risk categories are listed 
in Table  14.10 . Direct current cardioversion, if required, is also safe during preg-
nancy. General treatment guidelines for common arrhythmias encountered during 
pregnancy are listed in Table  14.11 .

   Table 14.9    Common CAD medications and their uses during pregnancy   

 Classifi cation  Medication 
 FDA 
category  Common adverse effects 

 Anticoagulant  Fondaparinux  –  Limited experience 
 Heparin (low molecular 

weight) 
 B  Rare osteoporosis (long-term use) 

 Heparin (unfractionated)  B  Osteoporosis and thrombocytopenia 
(long-term use) 

 Antiplatelet  Acetylsalicylic acid  B  No known teratogenic effects 
 Clopidogrel  C  No information during pregnancy 

available 
 Ticlopidine  C  Unknown 

 Lipid-lowering 
drug 

 Colestipol, cholestyramine  C  May impair absorption of fat-soluble 
vitamins 

 Fenofi brate  C  No adequate human data 
 Gemfi brozil  C  No adequate human data 
 Statins  X  Congenital anomalies 

  Adapted from Regitz-Zagrosek et al. [ 17 ]. With permission of Oxford University Press (UK) © 
European Society of Cardiology.   www.escardio.org/guidelines     
 See also Table  14.8  for ACE inhibitors, ARBs and beta-blockers  
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         Summary of Heart Disease in Pregnancy 

 Despite the fact that heart disease is a signifi cant risk factor for pregnant women in 
terms of morbidity and mortality, most women are able to have a successful preg-
nancy. This chapter discussed the normal cardiovascular physiology of pregnancy 
and the risks associated with preexisting and acquired heart disease during preg-
nancy. Key points from this chapter include the following:
•    Normal physiologic changes in pregnancy include increased blood volume and 

cardiac output and decreased systemic vascular resistance.  
•   The pharmacokinetics of drugs can be altered during pregnancy, and some com-

mon medications to treat heart disease are contraindicated in pregnancy.  
•   There is an increasing number of women with congenital heart disease who are 

now able to survive into adulthood and become pregnant.  
•   Risk stratifi cation tools have been developed to quantify cardiac risk during 

pregnancy in women with congenital and acquired heart disease.  
•   Preconception counseling should be performed for all women with heart disease 

to assess for maternal and fetal risk.  
•   Pregnancy is contraindicated in women with the following conditions: 

Eisenmenger syndrome, uncorrected cyanotic congenital heart disease with rest-
ing hypoxia, native severe coarctation of the aorta and Marfan syndrome with 
signifi cant aortic dilatation with or without bicuspid aortic valve.  

•   The common acquired heart diseases during pregnancy include hypertensive 
 disorders, cardiomyopathies, coronary artery disease, and arrhythmias.  

•   The treatment of women who are at high-risk for cardiac complications during 
pregnancy requires a team-based approach, which includes a maternal-fetal 
medicine specialist and a cardiologist.        

   Table 14.10    Common antiarrhythmic medications and their uses during pregnancy   

 Classifi cation  Medication 
 FDA 
category  Common adverse effects 

 Class IA 
antiarrhythmic 

 Disopyramide  C  Uterine contractions 

 Class IB 
antiarrhythmic 

 Procainamide  C  Unknown 
 Quinidine  C  Thrombocytopenia, premature birth, 

CNVIII toxicity 
 Lidocaine  C  Fetal bradycardia, acidosis, central 

nervous system toxicity 
 Mexiletine  C  Fetal bradycardia 

 Class IC 
antiarrhythmic 

 Propafenone  C  Unknown 

 Class III 
antiarrhythmic 

 Amiodarone  D  Thyroid insuffi ciency, hyperthyroidism, 
goiter, bradycardia, growth retarda-
tion, premature birth 

 Sotalol  B  Bradycardia and hypoglycemia in fetus 
 Antiarrhythmic  Adenosine  C  Limited human data 
 Cardiac Glycoside  Digoxin  C  Serum levels are unreliable, safe 

  Adapted from Regitz-Zagrosek et al. [ 17 ]. With permission of Oxford University Press (UK) © 
European Society of Cardiology.   www.escardio.org/guidelines     
 See also Table  14.8  for beta-blockers and calcium-channel blockers  
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           Overview 

 Despite the numerous randomized trials that have evaluated the use of anti-
thrombotic therapy in the setting of acute coronary syndromes (ACS) and atrial 
fi brillation (AF), the heterogeneity of the population enrolled in the majority of 
these studies represents an important limitation and extrapolating data to under-
represented populations does not come without concerns. In particular, women 
are underrepresented in most trials [ 1 – 4 ]. In line with this, in general gender 
differences in clinical response to antithrombotic therapies, in terms of thrombo-
sis and bleeding risks, remain poorly understood. Accordingly, the association 
between possible sex differences in platelet biology and pharmacodynamic 
response to antithrombotic therapies warrants further understanding [ 5 – 7 ]. 
Table  15.1  provides a detailed description of the existing sex-related features 
regarding antiplatelet and anticoagulant therapies and the main studies con-
ducted, which will be better outlined in the sections below [ 8 – 38 ]. The present 
chapter provides an overview on the impact of antithrombotic therapy, from 
bench to bedside, thus evaluating basic aspects of biology of thrombosis, 
response to antithrombotic therapies, and their impact in various clinic setting in 
which these are utilized.

    Chapter 15   
 Antithrombotic Issues in Women 
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       Defi nitions, Terms and Classifi cations 

    Epidemiology of Thrombotic Disorders in Women 

 Atherothrombotic disorders (ischemic heart disease and stroke) cause approximately 
a quarter of the total women mortality worldwide [ 39 ]. Coronary artery disease 
(CAD), just in the United States, accounted for 15.6 % of deaths in women in 2007, 
and cerebrovascular disease (CVD) accounted for another 6.7 % [ 40 ]. In 2007, 
among the 607,000 American women hospitalized for CAD approximately one mil-
lion underwent cardiac catheterization, percutaneous coronary intervention (PCI), 
stenting, or coronary artery bypass graft procedures. The average length of hospital 
stay was 5.3 days for acute myocardial infarction (MI) alone. The same year, 458,000 
women were hospitalized for CVD, with an average hospital stay of 5.4 days [ 41 ]. 

 Underestimation of cardiac risk and misconception of symptoms of CAD in women 
usually lead to less referral for cardiac testing, appropriate treatment and coronary cath-
eterization during ACS [ 42 – 44 ]. Moreover, women used to be older than men when they 
present CAD and thus excluded more frequently from randomized studies [ 45 ,  46 ]. The 
prevalence of CAD is higher among men until the age of 39 (15.9 % vs. 7.8 %, respec-
tively), although in the range 40–59 years (37.9 % and 38.5 %) and in the range 
60–79 years (73.3 % and 72.6 %) the prevalence is very similar [ 47 ]. On the contrary, 
after 80 years of age women have more CAD than men [ 48 ]. Therefore, the onset of 
clinical manifestations of CAD occurs about 10 years later in women versus men [ 42 ]. 
Figure  15.1  shows how as women become older the incidence of CAD, stroke, and 
peripheral artery disease increases considerably [ 5 ]. Essentially, around the time of 
menopause, the incidence of CAD more than triples [ 40 ]. Additionally, there are grow-
ing proportions of costs of CAD and CVD, estimated at $505 billion in the United States 
alone [ 49 ], given the longer life expectancy of women relative to men worldwide [ 38 ].

   Currently, the rate of recurrent MI and cardiovascular death among women has 
increased compared with men, despite the decrease of CAD mortality among men 
because of the advances in the diagnosis and treatment of ACS [ 50 ,  51 ]. Even 
though women present a higher risk profi le compared with men, the Can Rapid Risk 
Stratifi cation of Unstable Angina Patients Suppress Adverse Outcomes with Early 
Implementation of the ACC/AHA Guidelines? (CRUSADE) National Quality 
Improvement Initiative showed that ACS women less often receive guideline- 
recommended antithrombotic therapies [ 42 ].  

    Gender Disparities in Platelet Biology 

    Platelet Reactivity 

 There are described differences in platelet reactivity across populations using sev-
eral methods and in response to variable stimuli [ 52 ] (Fig.  15.2 ). Compared with 
platelets from men, those from women without CAD are more reactive in response 
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to standard concentrations of agonists such as adenosine diphosphate (ADP) and 
thrombin receptor agonist protein [ 53 ,  54 ]. The total of glycoprotein (GP) IIb/IIIa 
receptors that can bind PAC-1 antibody in response to ADP or thrombin receptor 
agonist protein stimulation seems to be 50–80 % greater in women than in men [ 54 ]. 
Compared with men after adjustment for risk factors such as smoking, hyperten-
sion, diabetes, hyperlipidemia, and aspirin use, platelets from women, in particular, 
white women, bound more fi brinogen in response to low and high concentrations of 
ADP and showed more spontaneous aggregation among asymptomatic patients 
[ 55 ]. High platelet reactivity was related with an increased risk of downstream MI 
(two- to three-fold increased risk compared with those with normal platelet reactiv-
ity) in a population-based study of asymptomatic, premenopausal women [ 56 ]. 
Considerably higher levels of signaling cascade proteins expressed on platelets 
from male versus female donors were found in a recent study of signaling pro-
teomes in platelets [ 57 ]. These initial fi ndings suggest that sex-specifi c platelet pro-
teomic signaling mechanisms could contribute to variances in platelet reactivity and 
outcome differences between women and men, even though this concept entails 
further investigation.

   Healthy men and women were also studied in the Genetic Study of Aspirin 
Responsiveness (GeneSTAR) study, which proved higher platelet reactivity among 

Coronary artery disease
Stroke
Peripheral artery disease

30

25

20

15

10

5

0

45-54 55-64 65-74
Age category (years)

75-84 85-94

In
ci

de
nc

e 
In

 W
om

en
 p

er
 1

00
0 

P
er

so
n-

Ye
ar

s

  Fig. 15.1    Incidence of atherothrombotic disease in women by age category. Data for coronary 
artery disease and stroke are from the Framingham original and offspring cohort, and data on 
peripheral arterial disease are from the ARIC (atherosclerosis risk in communities) cohort (per 
1,000 person-years) (Reprinted with permission Wang et al. [ 5 ])       
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  Fig. 15.2    Platelet responsiveness to aspirin and clopidogrel. Laboratory measurement of platelet 
responsiveness to aspirin ( a ) and clopidogrel ( b ).  AA  arachidonic acid,  ADP  adenosine diphos-
phate,  ASA  acetylsalicylic acid (aspirin),  COX  cyclooxygenase,  GP  glycoprotein,  LTA  light trans-
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women compared with men in response to varying concentrations of arachidonic 
acid, ADP, or epinephrine after adjustment for age, risk factors, race, menopausal 
status, and hormone therapy [ 9 ]. Nevertheless, the study found comparable grades 
of platelet inhibition among men and women, in response to arachidonic acid after 
receiving a low-dose of aspirin. However, women’s platelets were more reactive 
than those of men in response to collagen or ADP stimulation after aspirin therapy, 
suggesting upregulation of platelet activation pathways indirectly related to cyclo-
oxygenase- 1 (COX-1) [ 9 ]. Moreover platelet-related gender differences, compared 
with men a greater prothrombotic tendency (augmented speed and strength of 
platelet- fi brin clotting) among women was also shown by thromboelastography- 
based studies [ 58 ,  59 ].  

    Infl ammation 

 An infl ammatory response mediated by activated platelets, releasing cytokines and 
immunomodulatory ligands, additionally intensifi es platelet response and endothe-
lial activation during plaque rupture [ 60 ]. Exposure of its core contents on acute 
plaque rupture, promotes adhesion of platelet receptors and integrins to von 
Willebrand factor and collagen in the subendothelium [ 61 ,  62 ]. Releasing of proin-
fl ammatory cytokines and infl ammatory factors and binding to leukocytes to form 
platelet-leukocyte coaggregates are also facilitated by activated platelets, which 
may promote an infl ammatory response within the vessel wall [ 62 ,  63 ]. In the 
Women’s Health Study, a higher C-reactive protein (CRP) level, the most frequently 
investigated marker of infl ammation, independently predicted among healthy post-
menopausal women the risk of cardiovascular death, nonfatal MI, stroke, or need 
for coronary revascularization (relative risk: 1.5 for the highest quartile versus the 
lowest; 95 % confi dence interval [CI]: 1.1–2.1) [ 64 ]. 

 A recent meta-analysis showed a risk ratio for CAD of 1.41 (95 % CI: 1.13–1.75) 
among women in fi ve studies whose CRP level was 3.0 mg/l versus 1.0 mg/l, even 
though the Cardiovascular Health Study showed that CRP did not add to risk pre-
diction for women but only for intermediate-risk men [ 65 ,  66 ]. There are other 
infl ammatory markers, such as leukocyte count and P-selectin, which can be higher 
among healthy women and predictive of imminent cardiovascular events [ 67 ,  68 ]. 
Beyond their direct platelet-mediated effects, antiplatelet therapies have also been 
related with pleiotropic anti-infl ammatory effects [ 69 ]. The synergy of aspirin in 
addition to statins in lowering CRP levels in a population-based, longitudinal stroke 
study in which 50 % of the participants were women did not vary by gender [ 70 ]. In 
one nonrandomized study, even after adjustment for gender, clopidogrel therapy 
was correlated with less level of infl ammatory markers [ 71 ]. CRP levels increased 
1 month after clopidogrel interruption without signifi cant sex variances in another 
small study in which 50 % of the participants were women [ 72 ]. Regarding novel 
and more potent antithrombotic therapies, if these drugs can lead to selective 
improvements in clinical outcomes according to gender through a greater reduction 
in infl ammation remains unknown.   
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    Role of Hormones in Platelet Biology and Infl ammation 

 Genomic effects in megakaryocytes, signaling properties in platelets, or both, might 
contribute to sex differences in platelet function given that megakaryocytes and 
platelets express the estrogen receptor [ 73 ] and androgen receptor [ 73 ,  74 ], and 
platelet nitric oxide synthase release and thromboxane A2 (TXA2) generation can 
be modulated by estrogens and/or androgens [ 74 ,  75 ]. Moreover, during mega-
karyocyte differentiation transcripts from both estrogen receptor and androgen are 
upregulated [ 74 ]. 

 The evidence on the effect of female menstrual-cycle hormones on platelet biol-
ogy is controversial. One study suggested that hormones may regulate platelet GP 
IIb/IIIa activation, showing that platelets bound more fi brinogen during the luteal 
phase than the follicular phase [ 55 ]. During the menstrual cycle, platelet adhesion 
to vascular collagen also shows biphasic peaks [ 73 ]. On the contrary, no signifi cant 
relationship between platelet aggregability and menstrual cycle phase, oral contra-
ceptive use, or menopausal state was found by other studies [ 57 ,  76 ,  77 ]. The 
expression of proteins in the coagulation-fi brinolytic pathways is altered by both 
oral contraceptive and perimenopausal hormonal agents, and may contribute to 
increased thrombotic risk promoting fi brinogen binding to platelets, increasing fac-
tor VII levels and activity, and levels of fi brinogen and plasminogen activator inhib-
itor- 1 [ 78 ]. The relationship between hormones and atherothrombotic risk could be 
mediated also by the systemic infl ammation. Among post-menopausal women 
treated with estrogen, randomized [ 79 ] and cross-sectional [ 80 ] studies have shown 
increased CRP levels. Nevertheless, baseline CRP did not found a signifi cant statis-
tical interaction with hormone therapy in predicting CAD risk in a nested case–con-
trol analysis from the two randomized, controlled studies of the Women’s Health 
Initiative [ 81 ]. 

 A link between genetic polymorphisms for platelet glycoproteins and the risk of 
atherothrombotic events has been investigated in several studies [ 82 – 84 ], whether 
sex-specifi c differences infl uence the impact of these polymorphisms on platelet 
biology, treatment response, and patient outcomes remains still unknown. The 
HERS (Heart Estrogen–Progestin Study) showed that among women who received 
placebo women homozygous for the GP Ibα-5 T allele, heterozygotes and homozy-
gotes for the GP Ibα-5C allele had a signifi cantly lower incidence of the composite 
endpoint (death, MI, or unstable angina) at 5.8 years of follow-up [ 85 ]. In women 
with the -5C allele versus the -5TT genotype postmenopausal hormone treatment 
was associated with a 46 % lower adjusted cardiovascular risk (p < 0.001 for inter-
action) [ 85 ]. In women who had the GP Ibα-TT and GP VI-TC/CC genotypes 
(21.2 %) hormone therapy was associated with signifi cant harm, but women with 
the GP IbαTC/CC and GP VI-TT genotypes (16.6 %) it was associated with signifi -
cant benefi t [ 85 ]. Thus, the risk-benefi t ratio for proposed antiplatelet treatment may 
be altered by pharmacogenomic testing which can determine underlying cardiovas-
cular risk in postmenopausal women. However, additional investigations are indeed 
warranted.  
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    Sex Differences in Bleeding with Antithrombotic Therapy 

 Patients with ACS who receive antithrombotic drugs have shown to be associated 
with a fi vefold increased risk of death at 30 days and a 1.5-fold increased risk of 
death between 30 days and 6 months [ 86 – 88 ]. Women randomized to receive aspirin 
for primary prevention of cardiovascular disease versus placebo in the Associated 
With Antiplatelet Therapies The Women’s Health Study, experienced more fre-
quently serious gastrointestinal (GI) bleeding requiring transfusion (relative risk: 
1.40; 95 % CI: 1.07–1.83) [ 89 ]. Nevertheless, 2.5 major bleeding events per 1,000 
women versus three major bleeding events per 1,000 men after aspirin use over an 
average 6.4 years occurred according to a meta-analysis by Berger et al. [ 90 ]. There 
was no evidence of difference of effect between women and men for major bleeding 
(p < 0.24) for clopidogrel treatment, but the odds ratio for bleeding was numerically 
higher among women than men (1.43; 95 % CI: 1.15–1.79 vs. 1.22; 95 % CI: 1.05–
1.42) [ 90 ]. In a multivariable risk model, Subherwal et al. consistently identifi ed sex 
as an independent predictor of in-hospital major bleeding (odds ratio: 1.31; 95 % CI: 
1.23–1.39) [ 91 ]. Additionally, women who underwent invasive treatment with PCI 
had signifi cantly higher rates of in-hospital major bleeding compared with men 
(14.1 % vs. 5.9 %, p < 0.001) in the CRUSADE registry [ 92 ]. Despite GI bleeding 
after MI is more common in men, access-site complications are more frequent in 
women undergoing PCI (e.g., access site bleeding, retroperitoneal bleeding) [ 93 ,  94 ]. 

 Other sex-specifi c differences, such as in vascular reactivity [ 95 ], could also con-
tribute to differences in bleeding risk in addition to bleeding-site differences may 
relate in part to the smaller blood vessels in women [ 96 ]. Overall among women 
with less body mass, the question of weight-based dosing has been raised for anti-
platelet agents such as clopidogrel [ 97 ], given that it could provide a mechanism for 
variations in antiplatelet response. Therefore, there was identifi ed a signifi cant 
interaction between sex, GP IIb/IIIa inhibitors (GPI) use, and bleeding risk 
(p < 0.014) in the CRUSADE registry (Fig.  15.3 ) [ 92 ]. Inappropriate dosing when 
using antithrombotic therapy is one of the main reasons of the higher bleeding risk 
in some women. In fact, an excess dosing of unfractionated heparin, low molecular 
weight heparin, or GPI could explained an estimated 15 % of the major bleeding 
showed in CRUSADE [ 98 ]. In fact, women remained at higher risk of excess dosing 
and bleeding than did men even after adjustment for age, weight, and renal function. 
Only 27 % of the risk in men is due to excess dosing of these agents while it reaches 
72 % of the increased bleeding risk among women [ 92 ]. Compared with men, 
women receiving appropriately dosed bivalirudin had also higher rates of bleeding 
complications in the Intracoronary Stenting and Antithrombotic Regimen: Rapid 
Early Action for Coronary Treatment (ISAR-REACT) [ 99 ] and Acute Catheterization 
and Urgent Intervention Triage strategy (ACUITY) trials [ 100 ]. In the setting of 
ACS there are also important implications of bleeding like a lower probability to be 
discharge on antiplatelet therapy [ 101 ], maybe because its reinitiation is postponed 
until the patient is considered “safe” from additional bleeding although this treat-
ment “gap” can last up to 6 months after the initial event [ 101 ]. A higher probability 
to have a heightened systemic infl ammatory response has also been described [ 102 ]. 
Importantly, the higher incidence of in-hospital bleeding among women has major 
implications for their risk of future ischemic events.
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   AF, stroke, prosthetic heart valve replacement, MI and venous thrombosis are 
included among the indications of vitamin K antagonists (VKA). The main con-
tributors which determine the bleeding risks in patients on oral anticoagulation have 
extensively been investigated [ 103 ]. In patients treated with VKA, patient charac-
teristics, such as age and comorbidity, intensity of anticoagulant effects, length of 
therapy, and interaction with drugs that interfere with hemostasis are the determi-
nants which primarily infl uence the risk of bleeding [ 14 ,  104 ]. However, female sex 
has not been described to be associated with major bleeding, including life- 
threatening bleeding events, such as intracranial hemorrhage [ 29 ]. However, in 
patients on oral anticoagulant therapy female sex appears to be an independent risk 
factor for minor bleeding [ 105 ,  106 ]. The association of sex and heparin-induced 
bleeding has not been consistently reported [ 107 ].   

    Antiplatelet Therapy 

    Gender-Related Differences in Response to Antiplatelet Drugs 

    Aspirin 

 Numerous studies have proved that aspirin reduces the risk of thrombotic events in 
patients with CAD [ 38 ,  108 ,  109 ]. In both sexes, aspirin inhibits similarly the 
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formation of TXA2 synthesis in platelets by blocking selectively and irreversibly 
acetylating COX-1 [ 10 ,  11 ,  108 ]. However, in women pathways that are indirectly 
related to COX-1, such as those stimulated by collagen, ADP and epinephrine, are 
less inhibited compared with men [ 9 ]. Several ex vivo assays have shown that these 
differences persist after adjustment for several potential confounders, such as race, 
and results in higher platelet reactivity in aspirin-treated women with CAD [ 110 –
 112 ]. A substudy of the Clopidogrel for High Atherothrombotic Risk and Ischemic 
Stabilization, Management and Avoidance (CHARISMA) and the Heart Outcomes 
Prevention Evaluation (HOPE) trial showed higher risk of cardiovascular events 
among women. These trials found greater in vivo platelet activation related with 
female gender that was demonstrated to be a determinant of 11-dehydro thrombox-
ane B2 concentration, a marker of aspirin resistance [ 113 ,  114 ]. 

 Despite 6 randomized trials (95,456 patients) that were included in the afore-
mentioned meta-analysis from Berger et al. showed that primary prevention with 
aspirin therapy signifi cantly reduced the risk of cardiovascular events in both sexs 
[12 and 14 % reductions in women and men, respectively] [ 97 ], the benefi t was 
primarily driven by a reduction of MI in men (odds ratio [OR] 0.68, 95 % confi -
dence interval [CI] 0.54–0.86, p = 0.001) and ischemic stroke in the 51,342 women 
included (OR 0.76, 95 % CI 1.35–2.20, p < 0.001). Notably, as above mentioned, the 
risk of bleeding was signifi cantly increased by aspirin to a similar degree in both 
sexes [ 97 ]. Tests for heterogeneity of treatment effect were not reported. Signifi cant 
reductions in major coronary events and serious vascular events with aspirin ther-
apy were found in men, but not women in both primary and secondary prevention 
studies from the ATT (Antithrombotic Trialists) Collaboration meta-analysis, that 
included the same studies but had access to individual participant data, estimating 
consequently in a more accurate way the magnitude of several risk factors, such as 
gender, in infl uencing selected outcomes [ 13 ]. Nevertheless, no heterogeneity of 
treatment effect was distinguished by sex for any of the endpoints evaluated after 
adjustment for multiple comparisons. These results suggested that the absolute risk 
reduction essentially depends on the individual’s absolute risk without treatment, 
given that the relative risk reduction among men and women is similar. 

 Aggregate data from 16 randomized trials of aspirin use in the secondary preven-
tion setting, with stratifi cation by sex were additionally reported (Fig.  15.4 ) [ 13 ]. 
Equally, the decrease in vascular mortality with aspirin versus placebo therapy after 
acute MI compared with men (22 %) was just 16 % (p < 0.05 for heterogeneity), in 
the International Study of Infarct Survival-2 (ISIS-2) trial [ 38 ]. In line with this, 
gender mix may be the cause of around a 25 % of the variation in the reported effi -
cacy of aspirin in reducing the rates of cardiovascular events across placebo- 
controlled trials [ 115 ]. Accordingly, greater benefi ts of aspirin in decreasing 
non-fatal MI rates have been proved in trials primarily with men compared with 
those containing mostly women [ 115 ].

   Compared with lower doses, no clear overall benefi t with aspirin doses 100 mg 
was found in secondary analyses from previous clinical trials [ 116 – 118 ]. 
Additionally, no particular benefi t related with a higher aspirin dose among women 
in these secondary studies was found, even though the higher platelet reactivity 
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demonstrated in women [ 9 ,  53 – 55 ]. Moreover, in cases where the potential benefi t 
compensates the potential risk of GI bleeding, the U.S. Preventive Services Task 
Force recommends low-dose aspirin for the prevention of MI among men age 
45–79 years and for prevention of stroke among women age 55–79 years, according 
to sex differences in the epidemiology of cardiovascular disease and available evi-
dence supporting therapy [ 119 ]. Likewise, for persons whose 10-year cardiovascu-
lar risk is at least 6 % aspirin therapy is recommended by the American Stroke 
Association and American Heart Association [ 120 ]. The 2007 update to the AHA 
guidelines for CVD prevention in women defi ned women at high risk as those with 
“established CHD, CVD, peripheral arterial disease, abdominal aortic aneurysm, 
end-stage or chronic renal disease, DM, and 10-year Framingham risk >20 %” 
[ 121 ]. The 2011 AHA guidelines for prevention of CVD in women recommended 
aspirin (75–325 mg/day) as a consideration in those who are at high risk regardless 
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of age or for women >65 years of age who are at risk or healthy, depending on risk 
of hemorrhage and consideration of risk for ischemic stroke. These guidelines also 
recommended the use of specifi c risk prediction instruments that include CVD as 
part of global risk assessment [ 122 – 124 ].  

    Adenosine Diphosphate P2Y 12
  Receptor Antagonists 

 Thienopyridines inhibit irreversibly platelet activation blocking platelet ADP P2Y 12
  

receptor. The fi rst generation thienopyridine ticlopidine has been largely replaced 
in clinical practice by clopidogrel, a second generation thienopyridine because of 
its more favorable safety profi le [ 125 ]. There is no difference between men and 
women in plasmatic levels of clopidogrel’s active metabolite [ 126 ]. Nevertheless, 
clopidogrel-induced inhibition of platelet aggregation presents some gender vari-
ability [ 127 – 129 ]. In patients presenting with unstable angina (UA)/non- ST eleva-
tion myocardial infarction (NSTEMI), the Clopidogrel in Unstable Angina to 
Prevent Recurrent Ischemic Events (CURE) trial, demonstrated a smaller absolute 
(1.2 % vs. 2.8 %) and relative (12 % vs. 25 %) risk reduction in the composite end-
point of cardiovascular death, non-fatal MI or stroke at 1 year in women compared 
with men with clopidogrel plus aspirin compared to aspirin alone at 1 year [ 130 ], 
with similar fi ndings in the subgroup of patients undergoing PCI [ 131 ]. On the 
contrary from the CURE trial, in patients undergoing elective PCI, the Clopidogrel 
for the Reduction of Events During Observation (CREDO) trial showed a 26.9 % 
relative risk reduction in favour of clopidogrel for the composite of death, MI and 
stroke at 1 year in the overall population, but demonstrated a greater risk reduction 
of the combined risk of death, MI or stroke at 1 year (32 % vs. 25 %) among women 
[ 15 ]. Patients treated with fi brinolytic therapy within 12 h after the beginning of 
STEMI symptoms in the CLARITY-TIMI 28 (Clopidogrel as Adjunctive 
Reperfusion Therapy – Thrombolysis in Myocardial Infarction 28), were random-
ized to dual antiplatelet therapy with aspirin plus clopidogrel versus clopidogrel 
alone. Despite a higher event rate among women in both treatment arms, a 36 % 
reduction in the risk of the composite ischemic endpoint with clopidogrel in the 
overall population, with similar reduction for men and women (35 % vs. 38 %, 
respectively) was observed [ 132 ]. In patients undergoing PCI 3 days after starting 
the assigned study medication the OR of the composite endpoint of cardiovascular 
death, recurrent MI or stroke at 30 days was 59 % in women and 41 % in men. The 
ClOpidogrel and Metoprolol in Myocardial Infarction Trial (COMMIT) trial 
enrolled Chinese patients with suspected MI and compared the effect of clopidogrel 
plus aspirin versus aspirin alone. This trial demonstrated similar reductions in the 
primary ischemic endpoint at 28 days with no heterogeneity in effect related to sex, 
but with higher event rate in women [ 133 ]. Also in the CHARISMA trial, afore-
mentioned, no clinical benefi t was associated to the combination of a low-dose 
aspirin and clopidogrel in asymptomatic patients with at least three atherothrom-
botic risk factors without statistically signifi cant differences between men and 
women [ 134 ]. 

A. Muñiz-Lozano et al.



335

 These fi ve main randomized trials (CURE, CREDO, CLARITY-TIMI 28, 
COMMIT, CHARISMA) were included in a meta-analysis of focused on sex- 
related differences between men and women on dual antiplatelet therapy with aspi-
rin versus clopidogrel versus aspirin alone [ 16 ]. Particularly in patients with known 
risk factors for CAD clopidogrel treatment was associated with a signifi cant reduc-
tion in the risk of cardiovascular events (cardiovascular death, MI, or stroke). 
Nevertheless, merely the risk of MI was signifi cantly reduced with clopidogrel 
(relative risk: 0.81; 95 % CI: 0.70–0.93) but not the risk for stroke or all-cause mor-
tality, among the 23,533 women evaluated. On the contrary, signifi cant reductions 
were shown in all 3 endpoints among the 56,091 men evaluated. Overall, the study 
found a signifi cant 16 % relative reduction among men (7.8 % vs. 9.0 %, OR 0.84; 
95 % CI 0.78–0.91) in major cardiovascular events with clopidogrel vs. placebo 
compared with a nonsignifi cant 7 % of relative reduction among women (11.0 % vs. 
11.8 % OR 0.93; 95 % CI 0.86–1.01). No evidence of statistical heterogeneity 
between women and men was shown regarding to mortality, MI, stroke and major 
bleeding. However, much of the difference between men and women could be 
chance fi nding, and only a trend towards statistical heterogeneity based on gender 
was found (p = 0.092). 

 Variable responses to clopidogrel have been independently associated with poly-
morphisms of the cytochrome P450 (CYP) 2C19, in particular clopidogrel prodrug 
metabolism to its active metabolite. According with the presence of a gain-of- 
function and loss-of-function genotype, higher risks of both major bleeding [ 135 ] 
and stent thrombosis [ 136 ] have been detected respectively. There are not expected 
genotype-driven variances in outcome between men and women given that these 
polymorphisms are similarly distributed among men and women. Further investiga-
tions are still needed because it would be important to clarify if other gene-gene or 
gene-environment interactions could drive possible sex differences. 

 No signifi cant interaction between sex and treatment assignment was found in 
the pivotal randomized trials of the novel antiplatelet agents prasugrel [ 17 ] and 
ticagrelor [ 18 ], despite the reductions in the primary endpoint relatively smaller in 
women than in men, these studies were not powered to examine treatment interac-
tions among subgroups. Prasugrel is a third generation oral thienopyridine with 
more potent platelet P2Y 12  inhibitory effects, because of the fact that a more favor-
able metabolic conversion produces higher concentrations of its active metabolite 
compared to clopidogrel [ 137 ]. In moderate to high-risk ACS patients undergoing 
PCI prasugrel was associated with a signifi cant 19 % reduction in ischemic events 
compared to clopidogrel, in the Trial to assess improvement in therapeutic out-
comes by optimizing platelet inhibition with prasugrel– Thrombolysis In Myocardial 
Infarction 38 (TRITON-TIMI 38) trial [ 17 ]. In the overall population, in spite of an 
increased risk of bleeding compared with clopidogrel, the net clinical benefi t 
(defi ned as death from any cause, non-fatal MI, non-fatal stroke, and TIMI major 
hemorrhages) was favorable to prasugrel. Even with a higher absolute (2.4 % vs. 
1.6 %) and relative (21 % vs. 12 %) reduction of the primary ischemic endpoint with 
prasugrel among men compared to women, no signifi cant interactions between 
treatment and sex were found. On the other hand, underwriting the existence of less 
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pharmacological variability compared with clopidogrel, a genetic subanalysis of 
the TRITON-TIMI 38 demonstrated that functional CYP genetic variants did not 
infl uence active metabolite levels, platelet inhibition and cardiovascular out-
comes of 1,466 patients allocated to treatment with prasugrel [ 138 ]. Ticagrelor, 
the fi rst  member of a new class of reversible P2Y 12  receptor antagonists called 
CycloPentylTriazoloPyrimidine (CPTP), demonstrated to be associated with a 16 % 
reduction in the composite ischemic endpoint compared to clopidogrel in patients 
with ST-elevation ACS who underwent primary PCI or with non-ST-elevation ACS 
planned for an invasive or medical approach in the phase III results of the Platelet 
Inhibition and Patient Outcomes (PLATO) trial [ 18 ]. Despite ticagrelor was associ-
ated with higher rates of major bleeding not related to coronary-artery bypass graft-
ing, including more cases of fatal intracranial bleeding, in the overall population 
among ticagrelor and clopidogrel groups no differences in bleeding were found 
conferring to different defi nitions. Compared to clopidogrel, ticagrelor showed sim-
ilar absolute (2.0 % vs. 1.9 %) and relative reduction (17.0 vs. 15.0 %) of the pri-
mary endpoint in women in comparison with men. Also among different sexes 
similar effects were also found regarding major bleeding.  

    Glycoprotein IIb/IIIa Inhibitors 

 GPI (abciximab, tirofi ban and eptifi batide) block the binding of fi brinogen to the GP 
IIb/IIIa receptor on the surface of activated platelets and in this way inhibit the fi nal 
common pathway leading to platelet aggregation.  In vitro , no sex differences in 
platelet response to GPI were observed [ 19 ,  139 ]. Among the trials of GPI, a signifi -
cant interaction between treatment and sex was found regarding cardiovascular 
events. In fact, between women and men, despite women had a higher rate of major 
and minor bleeding, no gender difference regarding major adverse outcomes was 
found at 30 days, 6 months and 1 year in a pooled analysis of data from three large 
randomized trials of patients undergoing PCI with adjunctive use of abciximab [ 20 ]. 
Also for eptifi batide the Enhanced suppression of the platelet GP IIb/IIIa receptor 
with Integrilin therapy (ESPRIT) trial, observed no statistical interaction between 
sex and treatment regarding death, MI or urgent target vessel revascularization 
either at 48 h or 1 year [ 21 ]. 

 Six randomized trials on the effi cacy and safety of GPI in patients with ACS not 
routinely scheduled for early coronary revascularization were included in a meta- 
analysis in which, despite a highly signifi cant interaction between sex and use of 
GPI regarding cardiac events, GPI diminish the incidence of death or MI, particu-
larly in patients at high risk of thrombotic complications [ 140 ]. Possibly because of 
the higher percentage of men with positive baseline troponins than women (49 % 
vs. 37 %), the interaction showed (an increased risk of 19 % in men vs. 15 % in 
women in the odds of 30-day death or MI compared with placebo or control), 
remained signifi cant even after adjustment for baseline clinical characteristics, 
including age and co-morbidities (given that women were older, had more comorbid 
conditions, and more frequently had larger infarctions). Neither after risk 
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stratifi cation by troponin level sex differences were found. Actually, in both men 
and women with positive baseline troponins a reduction in the 30-day rate of death 
or MI by GPI was observed, while with negative troponins this effect was not ben-
efi cial in both sexes. Posteriorly in patients with UA/NSTEMI a different pattern of 
presenting biomarkers was observed [ 22 ]. Men were more likely to have elevated 
creatine kinase-MB and troponins, while women were more likely to have elevated 
CRP and brain natriuretic peptide. These fi ndings suggested that a multimarker 
approach may be useful in the initial risk assessment of UA/NSTEMI, particularly 
in women. On the other hand, perhaps because of the concomitant use of clopido-
grel, more recent investigations have not shown sex-related differences in outcome 
in ACS patients [ 141 ].    

    Anticoagulat Therapy 

    Anticoagulation in Coronary Artery Disease 

 The mentioned underrepresentation of women in clinical trials could be possibly 
related with an underestimation of cardiac risk or a misconception of symptoms of 
CAD and leads to the imperative necessity of gender-specifi c evidence related with 
the management and outcomes of ACS, particularly regarding differences in platelet 
reactivity and response to antithrombotic therapies [ 9 ,  54 – 59 ]. In fact, some inves-
tigations have already demonstrated many variances concerning women, such as 
different clinical presentation (symptoms and age), management or outcomes, dif-
ferent thrombotic profi les and response to antithrombotic therapies and propensity 
for increased bleeding [ 86 – 88 ]. In line with this, in addressing anticoagulant ther-
apy in CAD, these need to be specifi cally addressed. 

    Indirect Thrombin Inhibitors 

 Unfractionated (UFH) and low-molecular-weight (LMWH) heparins enhance inac-
tivation of factor Xa and, to a less extent, thrombin by binding to antithrombin III. 
The lack of necessity of laboratory monitoring of activity and the more predictable 
dose–response are the main advantages of LMWH. Another kinetic advantage of 
LMWH over UFH is that they inhibit the early steps of coagulation cascade and 
thrombin generation, due to a higher anti-factor Xa:IIa ratio and prolonged duration 
of anti-factor Xa activity. Sex is considered one of the clinical factors that affect the 
response to UFH, in addition to body weight, age, smoking history and diabetes 
mellitus [ 142 ,  143 ]. Particularly, in response to the anticoagulant effect of heparin 
women are expected to achieve higher activated partial thromboplastin time (aPTT) 
[ 23 ]. On the contrary, the pharmacokinetic (PK) and pharmacodynamic (PD) pro-
fi les after enoxaparin were found to be consistent between sexes in a post-hoc 
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analysis of the Thrombolysis in Myocardial Infarction 11A (TIMI 11A) study, a 
multicenter dose-ranging trial to assess the safety of enoxaparin in patients with 
ACS [ 144 ,  145 ]. 

 The Fragmin and Fast Revascularization during In- Stability in Coronary artery 
disease (FRISC) trial was the only placebo controlled trial of LMWH use reporting 
data stratifi ed by sex [ 146 ]. This study compared dalteparin and placebo in patients 
with ACS, and it found that dalteparin was associated with a 63 % risk reduction in 
the composite of death and MI during the fi rst 6 days, with a larger absolute (4.5 % 
vs. 2.2 %) and relative reduction (13.1 % vs. 28.9 %) of the primary endpoint in 
women compared with men. Nevertheless, regarding the frequency of minor bleed-
ings, either with weight adjusted and fi xed dose treatment it was higher in women 
compared with men. A signifi cant interaction between sex and anti-Xa activity 
determined in samples obtained during the acute and the standard dosing phase of 
treatment was demonstrated in multiple regression analysis [ 25 ]. The FRISC II 
study reported a larger absolute and relative risk reduction in the composite end-
point of death and MI in women than in men [ 24 ]. 

 A direct comparison between LMWH and UFH based on sex has been reported in 
few trials. In ACS patients the superiority of enoxaparin over UFH in reducing the risk 
of death and severe cardiac events in patients with ACS, was showed to be applicable 
to a plethora of subgroups in a pooled data meta-analysis of two large trials [ 26 ]. 
Nevertheless a signifi cant benefi t of enoxaparin over UFH regarding the double com-
posite endpoint of death or MI was signifi cantly observed in women, but not in man, 
despite a signifi cant relative risk reduction was seen independently from sex with 
regards to the composite triple endpoint of death, MI or recurrent angina prompting 
urgent revascularisation [ 26 ]. Additionally, enoxaparin demonstrated to be not supe-
rior but also noninferior to UFH with a modest increase in the risk of major bleeding 
in the Superior Yield of the New Strategy of Enoxaparin, Revascularization and 
Glycoprotein IIb/IIIa Inhibitors (SYNERGY) study [ 147 ]. Multiple subgroups, 
including the ones stratifi ed by sex and study site presented this absence of differences 
[ 147 ]. STEMI patients with programmed fi brinolysis where randomized to a regimen 
of enoxaparin or UFH as adjunctive antithrombin therapy in the Enoxaparin and 
Thrombolysis Reperfusion for Acute Myocardial Infarction Treatment– Thrombolysis 
in Myocardial Infarction (ExTRACT-TIMI 25) study. In this study, women were older 
and more likely to have hypertension and diabetes. Despite increased rates of short 
term mortality, compared with men, women treated with enoxaparin had a similar 
relative benefi t (16 % vs. 19 %) and a greater absolute benefi t (2.9 % vs. 1.9 %) [ 27 ].  

    Direct Thrombin Inhibitors 

 Direct thrombin inhibitors (hirudin, bivalirudin, melagatran, argatroban, dabigatran, 
lepirudin and desirudin) block directly the interaction of thrombin with its sub-
strates. Their property to decrease thrombin-mediated activation of platelets, conse-
quently exerting some degree of antiplatelet effects, is one of the characteristics of 
this class of antithrombotic agents. In the guidelines for the management of non ST 
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elevation ACS and for primary PCI in patients with STEMI, with or without pre-
treatment with heparin, bivalirudin is currently recommended as a class Ib [ 148 , 
 149 ]. The safety and effi cacy of bivalirudin in CAD have been observed in several 
registries and randomized trials supporting guidelines recommendations. The ben-
efi ts associated with the administration of bivalirudin appear to be independent 
from sex. Therefore, it is likely that the higher risk of bleeding observed was related 
with baseline co-morbidities of women. In patients with stable or unstable angina 
undergoing PCI the Randomized Evaluation in PCI Linking Angiomax to Reduced 
Clinical Events-2 (REPLACE-2) trial showed similar ischemic outcomes at 30 days 
for treatment with bivalirudin plus provisional GPI compared with heparin plus 
GPI, with similar mortality at 1 year, and a signifi cant decrease of bleeding compli-
cations, without differences based on sex [ 150 ,  151 ]. Female gender demonstrated 
to be signifi cantly associated with a 1.5-fold increased risk of major bleeding in a 
post-hoc multivariate analysis [ 30 ]. 

 In patients with ACS undergoing an early invasive strategy also similar ischemic 
event rates at 30 days, less bleedings, and superior net clinical outcomes were asso-
ciated with bivalirudin plus provisional GPI compared with heparin plus GPI in the 
aforementioned ACUITY trial. No signifi cant interactions regarding net clinical 
outcomes, composite ischemia and major bleeding between the use of bivalirudin 
and numerous variables, including gender were observed in the subgroup analysis 
[ 152 ,  153 ]. Moreover, an almost twofold increased risk of major bleeding was dem-
onstrated to be associated with female gender [ 31 ]. Among patients enrolled in the 
ACUITY, a further study specifi cally focused on sex-related difference trial cor-
roborated these fi ndings [ 100 ]. According the results of this study, women with 
ACS have higher rates of net clinical adverse event because of their higher risk of 
bleeding, but they do not experience an increased risk of one- and 12-month isch-
emic complications or mortality compared with men, even though differences in 
risk factors. Nevertheless, regardless of the treatment strategy chosen, bivalirudin 
monotherapy is related to similar short- and long-term protection from ischemic 
events and signifi cantly less bleeding compared with a regimen of UFH plus GPI in 
women with ACS. 

 The Harmonizing Outcomes with Revascularization and Stents in Acute 
Myocardial Infarction (HORIZONS AMI) trial, showed that in patients with acute 
MI bivalirudin monotherapy signifi cantly decreased net adverse cardiac events, car-
diac death and major bleedings at 30 days and 1 year compared with heparin plus a 
GPI [ 32 ,  154 ]. Bivalirudin demonstrated to early reduce net adverse cardiac events 
and major bleeding independently from gender [ 155 ]. Additionally, with the use of 
bivalirudin in-hospital bleeding occurred in 1.7 % of patients and female gender 
was signifi cantly associated with an increase in bleeding events, in a large European 
registry of 3,799 patients undergoing PCI [ 156 ]. Also a multi-center trial that 
assessed the feasibility of bivalirudin in renal, iliac and femoral interventions, the 
Angiomax Peripheral Procedure Registry of Vascular Events Trial (APPROVE) 
Registry, found that women had a trend towards higher risk of bleeding events at 
30 days [ 157 ]. Moreover, a signifi cant univariate association between female gender 
and a composite of early ischemic events and bleeding events with bivalirudin was 
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showed in a further small study on patients undergoing PCI found [ 158 ]. On the 
contrary, a signifi cant interaction between female sex and major bleeding was not 
demonstrated by the multivariate analysis.  

    Factor Xa Inhibitors 

 Fondaparinux blocks selectively the coagulation factor Xa by binding antithrombin 
III leading to a conformational change which results in intensifi ed affi nity for factor 
Xa and maximizes its inhibitory effect [ 159 ]. A predictable and persistent antico-
agulation which requires only a single daily subcutaneous administration and a long 
half-life are some of the advantages of fondaparinux. In patients with ACS 
fondaparinux and enoxaparin presented similar effi cacy in decreasing the risk of 
ischemic events at 9 days in the Fifth Organization to Assess Strategies in Acute 
Ischemic Syndromes (OASIS-5) trial, but fondaparinux was related to reduced rates 
of major bleeding and long-term mortality and morbidity [ 34 ]. In both sexes as 
compared with enoxaparin the composite endpoint of death, MI, refractory isch-
emia or major bleeding was reduced with fondaparinux. Conversely, among women 
a trend for statistical interaction was found compared with men (p for interac-
tion = 0.07), because of a higher absolute reduction of major bleeding (3.0 % vs. 
1.3 %) with the use of fondaparinux [ 34 ]. In patients with STEMI, the Sixth 
Organization to Assess Strategies in Acute Ischemic Syndromes (OASIS-6) trial 
found that fondaparinux reduced the primary endpoint of a composite of death or 
reinfarction at 30 days compared to usual care (UFH for up to 48 h followed by 
placebo for up to 8 days or placebo in those in whom UFH was not indicated) [ 35 ]. 
In the overall population and in a prespecifi ed subgroup of patients not receiving 
reperfusion treatment similar trends for a reduction by fondaparinux treatment in 
the primary endpoint for women and men were observed [ 35 ,  36 ].   

    Anticoagulation in Atrial Fibrillation 

 Gender differences in cardiac arrhythmias have been poorly investigated [ 3 ,  4 ,  28 , 
 160 ]. The most frequent clinically relevant arrhythmia is AF, which is a major risk 
for stroke and other thromboembolic events. Sex differences in AF patients have 
been reported [ 28 ,  50 ,  160 – 168 ] and numerous studies indicate a higher stroke risk 
in females with AF independently of the other known risk factors. In fact, the female 
gender was included as clinically important parameter for stroke risk assessment in 
both the Stroke Prevention in Atrial Fibrillation and Framingham risk scores as well 
as CHADS2-VASC scoring system [ 89 ,  169 ,  170 ]. In patients with fi rst diagnosed 
AF gender differences were also observed. Women were older and more likely to 
have symptomatic AF, hypertension, diabetes and thyroid disease, compared with 
males with fi rst-diagnosed AF. Moreover, in patients with heart failure, women have 
a higher risk to develop AF than men [ 39 ]. 
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 Female AF patients have a 1.6-fold increase risk of stroke [ 171 ], and cohort stud-
ies such as the Anticoagulation and risk factors in atrial fi brillation (ATRIA) study 
[ 28 ], the Copenhagen Heart Study [ 162 ], surveys (e.g. The Euro Heart survey [ 167 ]) 
and subgroup analyses from clinical trials (e.g. SPORTIF [ 172 ]) have clearly 
revealed a higher incidence of stroke and thromboembolism in females compared to 
males, even while on oral anticoagulation. The 2010 European Society of Cardiology 
guidelines include female gender as a ‘clinically relevant non-major’ stroke risk 
modifi er, which could affect a decision on thromboprophylaxis [ 173 ]. 

 The ATRIA study demonstrated that women who are not treated with anticoagu-
lation therapies present higher risk than men for AF-related thromboembolic events 
[ 28 ]. Additionally, in the Framingham study the risk of death in patients with non-
valvular AF was associated with an OR of 1.5 (95 % CI, 1.2–1.8) in men and 1.9 
(95 % CI, 1.5–2.2) in women in up to 40 years of follow-up [ 174 ]. Compared to 
men’s AF, moreover, women’s AF was independently associated with a 2.5-fold 
higher mortality because of cardiovascular diseases in female in the Copenhagen 
City Heart Study [ 162 ]. Therefore, the mortality is greater for women than in men 
with AF [ 175 ]. It has not been well investigated if AF may be the cause for death or 
only an indirect marker of more co-morbidities that lead to death. In fact, the reason 
of gender-related differences in thromboembolic risk associated with AF has not 
been well elucidate. In patients with AF higher levels of prothrombotic factors and 
increased platelet activation have been observed. Increased concentrations of pro-
thrombin fragment F1.2, von Willebrand factor and tissue plasminogen activator 
antigen within the circulating blood have been observed in female patients with AF 
[ 176 – 178 ]. It is necessary to better understand the mechanisms that may infl uence 
to the increased AF-related thromboembolic risk-associated with female sex. To 
date, an increased risk of stroke in AF related to these prothrombogenic factors has 
not been prospectively proved. The rates of thromboembolism in patients not taking 
warfarin in the ATRIA study were: 3.5 % per year for women vs.1.8 % per year for 
men (adjusted rate ratio [RR] =1.6; 95 % CI, 1.3–1.9) [ 28 ]. In females, a signifi -
cantly larger reduction in thromboembolic events with oral anticoagulation has been 
observed compare with male patients (adjusted RR = 0.4 versus 0.6, respectively; 
p = 0.01). The stroke risk was signifi cantly more reduced in women than in men in 
another prospective study of 780 patients with AF who received anticoagulation 
therapy [ 161 ]. 

 In general, there is not so much information on elderly AF patients and it remains 
uncertain if stroke and bleeding risk could be different between elderly women and 
elderly men. The prevalence of AF grows with age, and it is up to 8 % in subjects 
older than 80 years [ 173 ]. Although AF is more frequent in men, among elderly 
patients the proportion of women is higher than men, because of their longer life 
expectancy. The Euro Heart Survey on AF subgroup analysis has shown that females 
with AF were older, with more comorbidities and a lower quality of life, but under-
went less electrical cardioversion, compared with males [ 167 ]. Additionally, in 
female patients with AF the Rate Control Versus Electrical Cardioversion (RACE) 
study, showed that a rhythm control approach had led to more cardiovascular mor-
bidity and mortality [ 166 ]. 
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 In conclusion, the optimal anticoagulant therapy of AF remains unclear because 
of the lack of representation of women in the large trials. In the sections below, we 
will review the data available regarding the most relevant anticoagulant agents cur-
rently available. 

   Vitamin K Antagonists (VKA) 

 The oral anticoagulants reduce anticoagulant activity by inhibiting the effects of 
vitamin K and consequently impairing γ-carboxylation of the coagulation factors II, 
VII, IX, and X in the liver. In woman some studies underlined a potential higher 
benefi t of warfarin, which has demonstrated at least not to be inferior in reducing 
the risk of thromboembolism in both sexes [ 28 ,  179 ]. Major bleeding risk associ-
ated with warfarin use shows increasingly to be similar between men and women 
[ 28 ,  169 ,  172 ]. Nevertheless, the necessary dose to maintain a therapeutic INR may 
be affected by gender [ 180 ]. 

 For a number of decades VKA have regularly been prescribed for the primary 
and secondary prevention of thromboembolic events in patients with AF [ 90 ,  173 ]. 
Compared with older males, older female AF patients were less likely to receive 
warfarin, and more likely to experience a major bleed on warfarin therapy [ 165 ]. In 
general, no difference in bleeding complications related to the use of VKA was 
found between genders [ 28 ,  161 ,  181 ]. In a retrospective analysis of 18,867 patients 
with AF no signifi cant bleeding differences regarding to gender were found. In this 
study anticoagulant therapy with warfarin was associated with a 0.47 % annual risk 
for intracranial hemorrhage compared with 0.15 % without warfarin use [ 182 ]. 

 The Elderly Patients followed by Italian Centres of Anticoagulation (EPICA) 
Study (n = 4,093) was a large, multicenter observational study that included elderly 
patients who started VKA treatment after the age of 80 years for the thrombopro-
phylaxis of AF or after venous thromboembolism (VTE) (fi rst event or recurrence) 
[ 183 ]. The study population had a higher percentage of women (54 %) compared 
with other studies [ 28 ,  160 ]. A posterior analysis of the AF patients (n = 3,015), 
aimed specifi cally to assess the potential bleeding and stroke risks differences 
between genders. The study did not fi nd clear gender related differences in the risk 
of major adverse events in elderly patients, but elderly males showed a non- 
statistically signifi cant higher rate of bleeding complications (OR 1.5), and females 
showed a slightly higher rate of stroke, therefore suggesting the possibility of a 
higher net clinical benefi t of anticoagulant treatment in females. History of major 
bleeds, history of falls and active cancer are risk factors independently associated to 
bleeding when multivariate analysis was performed. 

 VKA are expected to be largely replaced from the new oral anticoagulants 
(NOAC) for primary and secondary prevention of thromboembolic events. However, 
in the large phase 3 trials no gender-related differences have been documented 
regarding to the safety and effi ciency (as described below). Nonetheless, the superi-
ority of these NOAC over the traditional VKA results a main step forward, allowing 
effi cient and safe anticoagulation for both women and men.  
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   Direct Thrombin Inhibitors 

  Dabigatran  is a new oral direct competitive thrombin inhibitor which is adminis-
tered twice daily. This agent is characterized by a pharmacologic profi le, which is 
better than that of warfarin, and does not require regular monitoring, such as mea-
suring the INR level under treatment with vitamin K antagonists. The Randomized 
Evaluation of Long-Term Anticoagulation Therapy (RE-LY) trial randomized 
18,113 patients with AF to two fi xed doses of dabigatran (110 and 150 mg) com-
pared with warfarin, evaluating the reduction of the risk of stroke or systemic embo-
lism [ 33 ]. In this study, both dabigatran dosages compared with warfarin were 
associated with similar rates of periprocedural bleeding (p = 0.28 and p = 0.58 
respectively). No sex interaction and noninferiority between both dabigatran doses 
(110 mg twice daily and 150 mg twice daily) were observed [ 33 ].  

   Factor Xa Inhibitors 

  Rivaroxaban , an oral factor Xa inhibitor, has also demonstrated to have a more 
consistent and predictable anticoagulant effect compared with VKA. A double- 
blind trial randomized 14,264 patients with nonvalvular AF who were at increased 
risk for stroke, to receive either rivaroxaban (at a daily dose of 20 mg) or dose- 
adjusted warfarin [ 37 ]. Rivaroxaban was noninferior to warfarin for the prevention 
of stroke or systemic embolism (event rates 1.7 % per year for rivaroxaban vs. 2.2 % 
per year for warfarin, hazard ratio in the rivaroxaban group, 0.79; 95 % confi dence 
interval, 0.66–0.96; p < 0.001 for noninferiority) in patients with AF. No signifi cant 
difference in the risk of major bleeding was found between groups. Notably, with 
rivaroxaban the incidence of intracranial and fatal bleeding was lower than in war-
farin group. No sex differences were observed [ 37 ]. 

  Apixaban  is another novel oral direct factor Xa inhibitor with better PK and PD 
properties than warfarin that has been studied for preventing thromboembolic 
events in AF patients. This agent has demonstrated to reduce the risk of stroke or 
systemic embolism without signifi cantly increasing the risk of major bleeding or 
intracranial hemorrhage in patients with AF for whom VKA was unsuitable [ 184 ]. 
Because of the superiority of apixaban compared to warfarin The Apixaban versus 
Acetylsalicylic Acid to Prevent Stroke in Atrial Fibrillation Patients Who Have 
Failed or Are Unsuitable for Vitamin k Antagonist Treatment (AVERROES) trial 
was prematurely terminated. No sex signifi cant interaction was observed [ 184 ]. The 
Apixaban for reduction in stroke and other ThromboemboLic events in atrial fi bril-
lation (ARISTOTLE) trial (n = 18,201) randomized AF patients with at least one 
additional risk factor for stroke to apixaban at a dose of 5 mg twice daily vs. warfa-
rin at an INR of 2.0–3.0. The primary outcome was defi ned as a composite of isch-
emic or hemorrhagic stroke or systemic embolism. Compared with warfarin, 
apixaban showed to be superior in the prevention of the primary endpoint. As com-
pared with 1.60 % in the warfarin group, the annual rate of the primary outcome was 
1.27 % in the apixaban group, (hazard ratio with apixaban, 0.79; 95 % confi dence 
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interval, 0.66–0.95; p = 0.01 for superiority). Additionally, in patients suffering from 
nonvalvular AF less bleeding and lower mortality was found with apixaban com-
pared to warfarin [ 38 ]. No sex differences were observed.    

    Fibrinolytic Therapy 

 The relative benefi t of fi brinolytic treatment among patients presenting with STEMI 
or bundle-branch block is irrespective of sex according to a review of the larger 
placebo-controlled trials of fi brinolytic therapy [ 185 ]. The observed higher rates of 
mortality in women compared to men in clinical trials of fi brinolytic therapy may 
partially be explained by the fact that most of women enrolled are older and more 
commonly have co-morbidities [ 12 ,  38 ,  185 – 189 ]. However, regarding the risk of 
morbidity and mortality compared to men in the setting of thrombolysis after adjust-
ment for worse baseline characteristics, available data present several incongru-
ences [ 190 – 192 ]. Compared to men women presented comparable adjusted risk of 
morbidity and mortality but showed a higher incidence of hemorrhagic stroke 
according to the International Tissue Plasminogen Activator/Streptokinase Mortality 
Study [ 190 ]. Moreover, women who receive thrombolytic therapy for treatment of 
acute MI are at greater risk for both fatal and nonfatal complications than men [ 12 , 
 191 ]. Higher rates of bleeding complicating fi brinolysis for acute MI have been 
independently associated with female gender [ 193 ,  194 ]. A large contemporary 
cohort of women and men with STEMI undergoing fi brinolytic therapy was enrolled 
in the Global Utilization of Streptokinase and Tissue Plasminogen Activator for 
Occluded Coronary Arteries (GUSTO) V trial [ 195 ]. Patients were randomized to 
reteplase alone vs. half-dose of reteplase plus abciximab. Non inferiority was found 
for half-dose of reteplase plus abciximab which showed a 0.3 % absolute and 5 % 
relative reduction in the rate of 30-day mortality. Among fi brinolysis-treated patients 
with MI a post-hoc analysis of the GUSTO V study confi rmed that female sex is 
independently associated with death and bleeding complications [ 196 ].  

    Special Considerations 

 The fact that trials sponsored by pharmaceutical companies do not have a federal 
mandate for inclusion of women and minorities, may partially explain the inade-
quate prevalence of women, which refl ects fears related to drug administration in 
women of childbearing potential. Sex specifi c analyses were rarely performed in the 
pivotal safety trials of antithrombotic drugs (even when women are included), 
which leads to the fact that recommendations of clinical guidelines are typically 
“gender neutral”. A recent regulation changes (Women’s Health Study, Women’s 
Health Initiative) enhances that more women would be enrolled in NIH-sponsored 
phase 3 trials since the NIH Revitalization Act. Growing literature is slowly 
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accumulating regarding gender-based differences in the presentation, treatment and 
clinical outcomes of CAD and AF. 

    Clinical Consequences and Shadow Areas of Knowledge 

 Higher risk of both thrombosis and bleeding among women compared with men has 
been underlined as an enigma by the cumulative evidence [ 99 ]. Despite the effort to 
carry out measures for improving the quality avoiding the excess antithrombotic 
drug dosing [ 197 ], even with appropriate dosing sex differences in bleeding risk 
may continue. As aforementioned, intrinsic discrepancies in platelet reactivity and 
causative effects from infl ammatory and hormonal processes may elucidate these 
differences. The way to reduce cardiovascular risk without increasing bleeding risk 
remains unknown. 

 Platelet function testing or pharmacogenomics have been suggested to lead drug 
selection and dosing [ 128 ]. In fact, women presented signifi cantly higher residual 
platelet reactivity after standard clopidogrel dosing compared with men when a 
point-of-care ADP specifi c platelet aggregation assay was used, in the Gauging 
Responsiveness With A VerifyNow Assay-Impact On Thrombosis And Safety 
(GRAVITAS) trial [ 128 ]. Nevertheless, no improvement of clinical outcomes was 
found using in response to platelet testing results a higher clopidogrel dosing strat-
egy empirically [ 198 ]. In a small study by Cuisset et al., on the contrary, patients 
with high platelet reactivity on clopidogrel who were randomized to routine (vs. 
provisional) GPI therapy during PCI presented greater 30-day cardiovascular event 
rates without a signifi cant increase in bleeding [ 199 ]. However, based on small 
studies gender-specifi c implications are diffi cult to defi ne. 

 Another therapeutic option could be targeting other platelet pathways, such as 
cilostazol, which has demonstrated to achieve additional platelet inhibition among 
patients with high on-treatment reactivity to clopidogrel by rising intracellular 
cyclic adenosine monophosphate via selective phosphodiesterase inhibition. In 
ACS patients undergoing PCI and in addition to aspirin and clopidogrel therapy, 
cilostazol has demonstrated to reduce long-term cardiovascular risk without an 
increase in bleeding [ 200 ] showing a signifi cant benefi t for women but not for men 
[ 201 ]. The use of tailored therapy in routine practice is limited by the absence of an 
established standardized test and dubiety about alternative therapeutic options to 
improve outcomes, despite it would be a very advantageous method [ 202 ]. 

 As mentioned above women remain underrepresented in both early and later 
phase studies [ 2 ] and consequently there is systematic knowledge gap regarding sex 
differences in platelet biology, genomics, and response to therapeutics. The fact that 
the prevalence of ACS and AF in women is predominant in older ages, could be a 
reason for that underrepresentation, given that also elderly people is usually 
excluded from the research studies [ 203 ,  204 ]. Other possible explanations are: 
physician underestimation of risk, misinterpretation of symptoms, and bias against 
referral for interventional treatment of cardiovascular disease in women [ 43 ]. In 
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addition, in cardiovascular trials sometimes women who meet inclusion criteria 
might be less disposed than men to participate because of a greater perceived risk of 
harm and adverse events [ 205 ]. 

 Differences in infl ammatory marker levels and their impact on atherothrombotic 
risk relative incidence and expression of genetic polymorphisms affecting platelet 
responsiveness, and the role of hormones in mediating platelet effects need to be 
better understood in order to clarify the higher baseline levels of platelet reactivity 
observed in women. Achieving female representation in platelet-related research 
requires specifi c trial designs for genetic,  in vitro , and clinical studies. Sex-specifi c 
treatment regimens targeted at optimizing safety and effi cacy of antithrombotic 
therapy should be done based on the mechanistic keystones aforementioned in order 
to provide future directions for research.   

    Summary 

 The existence of sex differences in platelet and coagulation biology translates into 
gender-related differences in treatment options in a wide spectrum of cardiovascular 
disease manifestations [ 205 ]. Currently, the majority of clinical results concerning 
gender differences have been based on subgroup analyses without suffi cient statistical 
power. There are just few comparative studies which have given some clues about 
sex-related differences in platelet function, even though the different response of 
women to antithrombotic therapies compared with men has been well known since 
long ago, including their enhanced bleeding tendency, even with appropriate dosing, 
and their less benefi t in regard to the prevention of ischemic events. In general, the 
evidence shows a slower improvement of clinical outcomes among women than men, 
revealing the necessity to optimize therapy for prevention and treatment of ischemic 
coronary events and primary and secondary prevention of stroke in the setting of AF. 
The absence of specifi c recommendations on the optimal antithrombotic treatment for 
women highlights the necessity of dedicated trials to assess the effi cacy of antithrom-
botic treatment strategies in women. Further investigations designed with caution are 
defi nitely needed in order to shed some light on all the knowledge shadows that could 
be affecting ominously women health care. Moreover, in order to draw appropriate 
conclusions which can be extrapolated to real life clinical practice, the study design of 
large randomized trials should take gender-related differences into account.     
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        Cardiovascular disease (CVD) is the leading cause of mortality and morbidity in 
American women, causing approximately 250,000 women to die each year of isch-
emic heart disease, roughly six times more than the number of women who die from 
breast cancer [ 1 ]. When compared to age-matched men, the incidence of coronary 
heart disease (CHD) is much lower in younger women [ 2 ]. The Framingham popu-
lation study showed that coronary artery disease usually manifests 10 years later in 
women than it does in men [ 3 ]. This lag was punctuated by the age of menopause 
and was suggestive of a protective effect of estrogen [ 4 ]. The potential protective 
effects of female hormones on the cardiovascular system have been a topic of great 
interest. Loss of this protection after menopause may be linked to the increased 
incidence of CHD in older women [ 2 ]. 

 Despite these epidemiological observations, the Women’s Health Initiative 
(WHI) has not confi rmed a postmenopausal cardioprotective effect of estrogen [ 5 ]. 
In this chapter, mechanisms of vascular aging, the effects of menopause on cardiac 
risk factors, and the evidence for and against hormone therapy in postmenopausal 
women will be discussed. 

    Effects of Aging on Endothelial Function 

 Aging is associated with endothelial dysfunction, impaired angiogenesis,  arterial 
stiffening and remodeling, and increased prevalence of atherosclerosis [ 6 ,  7 ]. 
Endothelial dysfunction is known to be the primary event in atherogenesis. 
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Dysfunctional endothelium has been associated with many cardiovascular risk fac-
tors including dyslipidemia, hypertension, smoking, diabetes mellitus, family his-
tory, and pre-stenotic coronary plaque [ 8 ]. Endothelial dysfunction can also be a 
manifestation of Syndrome X in the absence of medial coronary plaque [ 9 ,  10 ]. 

 The endothelial tissue, the innermost layer of the vascular wall, regulates vascu-
lar homeostasis by maintaining a balance between vasodilation and vasoconstric-
tion, inhibition and stimulation of smooth muscle proliferation and migration, and 
thrombogenesis and fi brinolysis. Vasodilation is caused by the release of nitric 
oxide (NO), prostacyclin, and bradykinin, whereas vasoconstriction depends on the 
release of endothelin and angiotensin II. Endothelial dependent vasodilation is 
impaired in menopausal women [ 11 ,  12 ]. Experimental studies have shown that 
estrogens modulate the response of vessels to various vasoactive substances, includ-
ing angiotensin II, norepinephrine, and aldosterone, thereby preventing the same 
degree of vasoconstriction seen in men [ 13 ,  14 ]. 

 While the mechanisms of vascular dysfunction in aging are numerous, decreased 
NO bioavailability is most reported. An increase in oxidative stress from toxic chem-
ical environments, including abnormal lipid levels, diabetes, or increased shear 
stress from hypertension, can inactivate NO and thus compromise the endothelial 
vascular homeostasis [ 12 ]. Endothelial dysfunction is related to the loss of endoge-
nous estrogen and serves as an independent predictor of future CVD events [ 6 ].  

    Effects of Female Hormones 

 Men have been known to develop coronary heart disease earlier in life than women. 
The incidence of CVD is much lower in premenopausal women but increases after 
menopause. For many years, estrogen has been thought to provide females with cardio-
vascular protection [ 15 ]. Twelve months of amenorrhea leading to permanent cessation 
of menses following the decline of ovarian function defi nes menopause. The median 
age of menopause is 51 years. Menopause is associated with decreased estradiol levels, 
which result in vasomotor symptoms, including hot fl ashes and night sweats. By con-
sidering both the direct and indirect effects of estrogen on the vasculature, one can 
begin to understand why a lack of estrogen may lead to endothelial dysfunction. 

 The direct effects of estrogen are thought to account for the majority of its 
cardio- protective effects and include prevention of atherosclerosis, facilitation of 
angiogenesis, and collateral vessel formation via the stimulation of endothelial 
cell proliferation and inhibition of vascular smooth muscle cell proliferation 
[ 16 ]. Estrogens are believed to be protective to coronary vessels by providing 
improved vascular tone. Additionally, estrogen can increase the production or the 
release of relaxing factors from the endothelium, thus improving endothelial 
function [ 17 ,  18 ]. 

 Estrogen acts through its receptors to inhibit vascular smooth muscle cell prolif-
eration and matrix deposition, thus preventing arterial intimal thickening [ 7 ,  19 ]. 
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Progestogens can also cause vasodilation through increasing NOS and inducing 
cyclooxygenases [ 16 ]. 

 In terms of indirect effects, estrogen affects the lipid profi le, glucose and insulin 
metabolism, and the coagulation profi le. In premenopausal women, estrogen has 
been shown to improve the lipid profi le by reducing low-density lipoprotein (LDL) 
cholesterol, increasing high-density lipoprotein (HDL) cholesterol, and decreasing 
serum Lp (a) lipoprotein concentrations [ 18 ,  20 ]. The Framingham study, involving 
women between the ages of 29 and 62 followed longitudinally for 18 years, demon-
strated a signifi cant increase in cholesterol levels between premenopausal and post-
menopausal exams. The increase occurred around the time of the menopausal 
transition, suggesting a causal effect [ 2 ]. Estrogen also exerts indirect effects on 
glucose and insulin metabolism by increasing pancreatic insulin secretion and 
decreasing insulin resistance [ 21 ]. 

 In addition to its direct effects on cardiovascular function, estrogen indirectly 
affects both coagulation and fi brinolysis, exerting both pro-coagulant and fi brino-
lytic effects. Estrogen has been shown to decrease levels of fi brinogen, plasminogen 
activator inhibitor-1, antithrombin III, and protein S [ 16 ]. Platelet aggregation is 
inhibited by estrogen [ 21 ]. Despite these antithrombotic effects, estrogen has been 
associated with thromboembolic disease. Procoagulant effects of estrogen include 
increased levels of prothrombin, factors VII, X, and protein C [ 22 ]. The effects of 
estrogen are summarized in Table  16.1 .

   While estrogen exerts several favorable effects on the vasculature of young 
healthy individuals, aging limits its ability to confer these favorable effects. 
Atherosclerotic coronary arteries have fewer estrogen receptors than normal 
coronary arteries, and thus less NO release leads to unfavorable effects on the 
vasculature [ 7 ,  16 ]. The effects of hormone therapy on the vasculature are 
complex. Hormone therapy exerts both pro-inflammatory and anti-inflamma-
tory effects in addition to both activating coagulation and improving fibrino-
lysis [ 17 ]. 

 There is evidence to suggest pro-atherogenic effects of estrogen in atheroscle-
rotic vessels, which can lead to plaque destabilization and CVD events. Estrogen 
induces matrix metalloproteinases, which can weaken the fi brous caps of plaques 
and thus lead to plaque destabilization and rupture. Unlike statins, estrogen cannot 
inhibit progression of atherosclerosis in the presence of advanced atherosclerotic 
lesions [ 6 ].  

   Table 16.1    Summary of the effects of estrogen   

 Direct effects  Indirect effects 

 Arterial vasodilatation  Lowers cholesterol 
 Improves vascular tone  Decreases insulin resistance 
 Inhibits smooth muscle proliferation  Inhibits platelet aggregation 
 Inhibits endothelial dysfunction  Improves fi brinolysis and activates 

coagulation 
 Facilitates angiogenesis  Exerts antioxidant effects 
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    Effects of Menopause on Cardiovascular Risk Factors 

 In addition to the increased risk of CVD, which comes with postmenopausal changes 
in sex hormone levels, menopause is also associated with a higher incidence of 
cardiac risk factors including diabetes, hypertension, obesity, dyslipidemia, and 
other co-morbidities. The lipid profi le is adversely affected during menopause; total 
cholesterol, LDL, and triglycerides are increased while HDL is decreased. Insulin 
and glucose metabolism is impaired, as evidenced by increased insulin resistance in 
postmenopausal women. Postmenopausal women tend to have more abdominal 
obesity due to body fat redistribution, which is associated with alterations in the 
lipid profi le and glucose metabolism. These women are predisposed to the meta-
bolic syndrome, which can be defi ned as having central obesity, impaired fasting 
glucose, hyperlipidemia, and elevated blood pressure [ 21 ]. The pro-coagulant 
effects of estrogen can become predominant as fi brinogen, factor VII activity, anti-
thrombin III, and plasminogen activator inhibitor-1 (PAI-1) are increased after 
menopause [ 21 ] (Table  16.2 ).

       Evidence for the Association Between Menopause and CHD 

 The Framingham study provides supporting evidence for the association between 
postmenopausal status and CHD. An analysis of a cohort of 2,873 women followed 
for 24 years revealed the incidence of cardiovascular disease in age matched men 
under 60 years was twice that of same age women. Among postmenopausal women 
up to the age of 55 years, cardiovascular disease was twice that of premenopausal 
women, with 70 cardiovascular events occurring in postmenopausal women com-
pared to 20 events in premenopausal women. When analyzing the risk of stroke, MI, 

   Table 16.2    Effects of menopause on cardiac risk factors   

 Cardiac risk factors after menopause 

 Lipid profi le  Increased total cholesterol level 
 Decreased High Density Lipoprotein (HDL) cholesterol level 
 Increased triglyceride level 

 Blood pressure  Increased prevalence of hypertension 
 Diabetes mellitus  Increased prevalence (insulin resistance increases) 
 Obesity* (e.g., BMI ≥30 kg/m 2 )  Increased prevalence 
 Central obesity (waist circumfer-

ence >35 in.) 
 Increased prevalence 
 Body fat is redistributed into the abdomen, which can lead to 

impaired glucose tolerance 
 Metabolic syndrome  Increased prevalence 

  Adapted with permission from Shaw et al. [ 59 ] 
 * Obesity increasing in the last decade such that ∼ 25 % of women are now obese with a body mass 
index (BMI) ≥30 kg/m 2 . Additionally, women generally engage in less leisure-time physical activ-
ity and exhibit a greater functional decline in their postmenopausal years  
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and congestive heart failure (CHF), however, the number of events was smaller. 
Premenopausal and postmenopausal women experienced 9 and 39 events respec-
tively, a difference that does not meet statistical signifi cance [ 23 ]. In the Nurses 
Health study, a prospective cohort of 35,616 healthy, naturally postmenopausal 
women, a younger age at menopause was associated with a higher risk of CHD [ 24 ]. 

 These adverse effects on the cardiovascular system may be seen sooner in women 
who smoke and thus undergo natural menopause at an earlier age [ 2 ]. Women who 
smoke typically reach menopause 2 years earlier than non-smokers [ 25 ]. 

 Women with polycystic ovary syndrome (PCOS) are predisposed to CHD and 
may suffer from adverse cardiovascular events, given the associated endocrine and 
metabolic abnormalities such as insulin resistance, glucose intolerance, lipid abnor-
malities, hypertension, and increased levels of plasminogen activator inhibitor [ 26 ]. 
In premenopausal women with coronary risk factors undergoing coronary angiog-
raphy for suspected myocardial ischemia, disruption of the ovulatory cycle charac-
terized by hypoestrogenemia of hypothalamic origin, was also associated with 
angiographic coronary artery disease [ 27 ]. 

 The risk of CHD differs in women undergoing menopause prematurely by bilat-
eral oophorectomy. Several studies have shown increased CHD risk among females 
who underwent surgical menopause. Women who underwent bilateral oophorec-
tomy and did not use estrogen replacement therapy were found to be at increased 
risk of CHD when compared to age-matched controls in the Nurses’ Health Study 
(risk ratio 2.2) [ 28 ]. In a study by Rosenberg et al., the relative risk of developing a 
myocardial infarction increased with decreasing age at bilateral oophorectomy [ 29 ]. 

 The Multi-ethnic Study of Atherosclerosis (MESA), a multicenter, longitudinal 
cohort study involving 3,213 men and 3,601 women, found that early menopause 
was a strong predictor of CHD and stroke (twofold increased risk), regardless of 
traditional CVD risk factors in the population-based sample of multiethnic US 
women [ 30 ].  

    Prevention and Treatment of CHD in Postmenopausal Women 

 Lifestyle modifi cation with a focus on risk factor reduction should be the fi rst step 
in the prevention of CHD [ 21 ]. Women should be encouraged to stop smoking. The 
risk of CHD is two to four times greater in women who smoke [ 2 ,  31 ]. Diet should 
be modifi ed to include less saturated fat intake. Weight should be controlled through 
both diet and physical activity. In women with established hypertension, appropri-
ate antihypertensive therapy should be given [ 21 ,  32 ]. 

 In the past, hormone therapy (HT) was believed to be benefi cial for women’s 
hearts and was routinely prescribed for CHD prevention in the postmenopausal 
years. In the Postmenopausal Estrogen/Progestin Interventions (PEPI) trial, a ran-
domized clinical trial published in 1995, postmenopausal women, ages 
45–64 years, receiving either estrogen alone or in combination with a progestin, 
were observed to have a reduction in LDL, increased HDL levels, and lower 
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fi brinogen levels. Unopposed estrogen has been most effective at increasing HDL 
cholesterol (HDL- C), however it is associated with endometrial hyperplasia, thus 
limiting its use to women without a uterus. A conjugated equine estrogen (CEE) 
with cyclic micronized progesterone (MP) used in women with a uterus still 
showed a favorable effect on HDL-C without the risk of endometrial hyperplasia 
[ 33 ]. To explain the risks and benefi ts of HT, the mechanisms of action should be 
considered. 

    HT Effects on the Cardiovascular System 

 HT decreases infl ammatory markers and can lower levels of cell adhesion molecule 
E-selectin in menopausal women. Reduced infl ammatory markers and adhesion 
molecules result in less collagen deposition and vascular remodeling, which can 
then retard or inhibit atheroma development [ 21 ,  34 ]. Some observational studies 
and the WHI estrogen therapy (ET) trial have suggested that long term HT is associ-
ated with less accumulation of coronary artery calcium and therefore slower devel-
opment of atherosclerosis [ 35 ]. The recent Kronos Early Estrogen Prevention Study 
(KEEPS), a 4 year randomized, double blinded, placebo controlled clinical trial 
involving 727 healthy women aged 42–58 (mean age, 52) within 3 years of the onset 
of menopause, evaluated the effects of menopausal hormone therapy on subclinical 
atherosclerosis. Women received low dose oral or transdermal estrogen and cyclic 
monthly progesterone. A nonsignifi cant trend of less accumulation of coronary 
artery calcium was seen in the hormone therapy arm of the study. There was also no 
signifi cant difference in the rate of progression of carotid intima media thickness 
between the treatment and placebo groups. However, the trial demonstrated very 
little progression of coronary calcium in these newly menopausal women in gen-
eral, so the statistical power to see a signifi cant difference over 4 years was very 
limited [ 36 ,  37 ].  

    HT Effects on Lipids and the Lipoprotein Profi le 

 HT reduces total cholesterol levels by 5–10 % within 3 months of use [ 21 ]. Oral 
estrogen lowers LDL through the upregulation of apolipoprotein B 100  receptors, 
especially in the liver. It also increases clearance of lipoproteins and chylomicron 
remnants from the circulation. HDL is increased by estrogen via a decrease in its 
catabolism by hepatic lipase. Androgenic progestins such as medroxyprogesterone 
acetate (MPA) can reverse the positive effects of estrogen on HDL [ 21 ]. While oral 
estrogen increases triglycerides, transdermal preparations decrease triglyceride pro-
duction by avoiding fi rst pass hepatic effect [ 38 ]. The results of KEEPS provide 
further evidence for the differing effects of HT depending on the route of adminis-
tration. Due to its fi rst pass liver metabolism, oral estrogen was associated with a 
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signifi cant reduction in LDL cholesterol and an increase in HDL cholesterol, tri-
glyceride, and C-reactive protein levels. Transdermal estradiol, on the other hand, 
was associated with a neutral effect on lipids [ 36 ,  37 ].  

    HT Effects on the Metabolism of Glucose and Insulin 

 The effects on glucose and insulin metabolism may also depend on the preparation of 
estrogen. Oral 17-β estradiol has been shown to decrease insulin resistance while 
alkylated estrogens such as ethinyl estradiol and conjugated equine estrogens have 
been associated with a rise in insulin levels and impaired glucose tolerance. The 
effects of estrogen on glucose and insulin metabolism may be modifi ed with the addi-
tion of a progestin. Strongly androgenic progestins have been associated with 
increased insulin resistance, whereas non-androgenic progestins have little adverse 
effect [ 21 ]. Transdermal estradiol was thought to have fairly neutral effects on glu-
cose and insulin metabolism, however, in the recent Kronos Early Estrogen Prevention 
Study (KEEPS), there was an unexpected signifi cant improvement in insulin resis-
tance with transdermal estrogen, which was not seen with oral estrogen [ 36 ,  37 ].  

    HT Effects on the Coagulation System 

 HT has complex effects on the coagulation system, affecting both coagulation and 
fi brinolysis. Oral estrogen can increase thrombogenesis, which is usually seen 
around the time of initiation of HT. It is thought that initiation of estrogen therapy 
causes a transient imbalance between coagulation and fi brinolysis, favoring the pro- 
coagulant effects. This increased risk of thrombogenesis is reduced as the procoagu-
lant and fi brinolytic effects come back into balance with each other. Transdermal 
administration of estrogen may avoid adverse pro-coagulant effects [ 21 ].  

    HT Effects on Blood Pressure 

 HT plays a complex role on blood pressure. With high doses of an oral contracep-
tive pill, there is risk of developing hypertension. Oral estrogen has been associated 
with increased plasma renin activity and plasma aldosterone [ 2 ]. On the other hand, 
the overall effects of HT on blood pressure are benefi cial. Estrogen appears to elicit 
a reduction in resistance to blood fl ow and increase vessel elasticity, which may 
reduce the risk of coronary artery vasospasm or atherogenesis [ 21 ]. Recently, the 
KEEPS found no adverse effect on blood pressure, either systolic or diastolic, from 
either form of estrogen therapy [ 36 ,  37 ]. These fi ndings were in contrast to the WHI 
fi ndings with higher doses of estrogen.   
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    Postmenopausal Hormone Therapy 

 Most women will live a third of their life after menopause, therefore it is important 
to be aware of the symptoms and available treatment options associated with estro-
gen loss [ 2 ]. Hormone therapy (HT) utilizes estrogen, with or without the addition 
of progestin. Estrogen can be given continuously in the form of tablets, skin patches, 
gels, subcutaneous implants, or intranasal sprays. Both natural estrogens and syn-
thetic derivatives are available for HT. Systemic estrogen therapy (ET) has been 
proven to be the most effective treatment for vasomotor symptoms. Growing obser-
vational evidence is showing that transdermal ET may be associated with less risk 
of deep vein thrombosis, stroke, and MI [ 39 ,  40 ]. Transdermal preparations of estra-
diol also have the advantage of avoiding fi rst pass hepatic effect, and thus may 
provide potential benefi t to women with hypothyroidism or low libido. In women 
with a uterus, combination estrogen and progestin is necessary to avoid adverse 
effects of unopposed estrogen on the endometrium that can lead to endometrial 
cancer. Therefore, estrogen is typically combined with a progestin and is referred to 
as estrogen plus progestin therapy (EPT). Treatment may be cyclic, with daily estro-
gen and 12–14 days of progestin each month, or continuous-combined with both 
daily estrogen and low dose progestin [ 38 ]. 

 Menopausal hormone therapy continues to have a clinical role in the manage-
ment of vasomotor symptoms. For healthy women younger than 60 years and within 
10 years of menopause, HT seems to be associated with low cardiovascular risk. If 
started on HT, women should use the lowest effective dose for the shortest duration 
of time to achieve treatment goals of relieving debilitating hot fl ashes and night 
sweats. Studies have shown that, for many women, low doses relieve vasomotor 
symptoms as effectively as standard doses. The need for continuing therapy should 
be assessed at least annually [ 38 ]. 

 Contraindications of HT include breast or endometrial cancer, cardiovascular 
disease, thromboembolic disorders, and active liver or gallbladder disease. In 
women with contraindications to HT, alternatives to treat bothersome night sweats 
and hot fl ashes include lifestyle modifi cations (i.e. reducing body temperature, 
maintaining a healthy weight, smoking cessation, relaxation techniques, and acu-
puncture), non-prescription medications including vitamin E, soy products, and 
non-hormonal prescription medications, which include clonidine, paroxetine, ven-
lafaxine, and gabapentin [ 38 ].  

    Primary and Secondary Prevention of Coronary 
Heart Disease 

 Given multiple potentially benefi cial effects of estrogens on the cardiovascular sys-
tem, there was a lot of expectation for the protective effects of postmenopausal hor-
mone therapy for CVD prevention in women [ 17 ]. Due to the compelling evidence 
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of cardioprotection by estrogen, the Coronary Drug Project, a randomized clinical 
trial funded in 1965 by the National Heart Institute, was designed to examine the 
benefi ts of estrogen in men who were at high risk of a heart attack [ 41 ]. Since 
optimal doses of estrogen for men were not known, men received a high dose of 
2.5 mg of estrogen daily. Prevention of heart attacks was not seen, and the study 
was stopped early due to higher mortality among men receiving estrogen therapy. 

 Although the Coronary Drug Project had been terminated early, postmenopausal 
women in general practice continued to be treated with estrogen based on epidemio-
logic studies showing reduced rates of CHD among users of estrogen therapy [ 15 ]. 

    Data from Observational Studies 

 Several observational studies involving postmenopausal women showed a lower 
risk of cardiovascular events and of all-cause mortality in women taking hormone 
therapy [ 15 ]. The Nurse’s Health Study (NHS), the largest and longest prospective 
cohort study of women’s health, showed a benefi cial effect of menopausal hormone 
treatment (HT) on CVD events. The study began in 1976 and included 121,700 
female nurses between the ages of 30 and 55 years. Participants were asked about 
postmenopausal hormone use and cardiovascular risk factors. After 20 years, the 
study suggested that women who took estrogen had a relative risk of death from 
CHD of 0.47 compared with non-users. Mortality due to stroke was also reduced 
with a relative risk of 0.68 [ 42 ]. A meta-analysis including observational studies 
conducted until 2000 revealed an overall benefi t to using HT in terms of CVD mor-
tality (relative risk [RR] 0.75) and coronary artery disease (CAD) incidence (RR 
0.74). This benefi t was not as obvious after adjusting for socioeconomic and major 
risk factors [ 6 ,  43 ]. 

 Since HT was believed to be benefi cial for women’s cardiovascular health, sev-
eral large, randomized clinical trials were conducted to “prove” the benefi t of HT to 
any remaining physicians who were not prescribing it for that purpose. For this 
reason, it has been a surprise that the major randomized trials designed to prove the 
cardiac benefi ts of HT failed to do so.  

    Data from Randomized Controlled Trials 

 Randomized controlled trials were focused on delineating the effectiveness of hor-
mone therapy on the prevention of cardiovascular disease. These trials did not occur 
until three decades after the Coronary Drug Project. Results from three large ran-
domized clinical trials, which signifi cantly infl uenced clinical care for women, were 
the Heart and Estrogen/Progestin Replacement Study (HERS) [ 44 ], the Estrogen 
Replacement and Atherosclerosis (ERA) trial [ 45 ], and the Women’s Health 
Initiative (WHI) trial [ 5 ,  46 ].   
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    Secondary Prevention 

 The HERS study [ 44 ], published in 1998, was the fi rst large-scale randomized clini-
cal outcome trial to evaluate the effects of HT on secondary prevention of CHD in 
2,763 postmenopausal women. Participants, with a mean age of 66.7 years and docu-
mented existing coronary artery disease, were randomly assigned to take either pla-
cebo or combination hormone therapy (noncyclic conjugated equine estrogens [CEE] 
0.625 mg + medroxyprogesterone acetate 2.5 mg) and followed for 4.1 years. There 
was no difference in the primary outcome of nonfatal myocardial infarction (MI) and 
coronary death between the hormone and placebo arms. A post-hoc time trend analy-
sis of the data showed a signifi cant time trend suggesting an excess of coronary 
events among hormone-treated women during the fi rst year after the randomization 
(hazard ratio 1.52), with a trend toward fewer events at 3–5 years of follow up. 

 Given the decreased risk of coronary events at 3–5 years of follow-up in the HERS 
study, women were followed for an additional 2.7 years in an open-label, event sur-
veillance study, HERS II. In HERS II, women remained on their original drug assign-
ments. At the end of the study, hormone therapy failed to reveal a decreased risk of 
coronary events in women with established CHD, even after adjusting for potential 
confounders such as aspirin therapy, statin use, smoking, etc [ 47 ,  48 ]. 

 The results from the Estrogen Replacement and Atherosclerosis (ERA) trial were 
reported in 2000. ERA was a randomized angiographic end-point trial comparing the 
effects of estrogen therapy (ET) and combination hormone therapy (HT) to placebo in 
postmenopausal women with pre-existing coronary artery disease. The trial also failed 
to show a benefi t in women receiving ET and HT on the progression of atherosclerosis. 
This lack of benefi t occurred despite the fact that women receiving HT in this study had 
a signifi cant increase in HDL cholesterol and a decrease in LDL cholesterol [ 45 ]. 

 The conclusion from these studies was that there was no long-term difference 
between women receiving HT and those receiving placebo and that postmenopausal 
hormone therapy should not be used for the sole purpose of secondary prevention of 
CHD in women with a history of established coronary artery disease [ 19 ,  49 ]. Since 
women enrolled in HERS and ERA had established coronary artery disease, the 
results of these studies may not directly apply to the use of hormone therapy in 
healthy postmenopausal women [ 50 ].  

    Primary Prevention 

 For many years, hormone therapy was thought to play a role in the primary preven-
tion of CHD in “healthy” women. In order to study this hypothesis, a large, random-
ized trial, the Women’s Health Initiative (WHI), was designed to compare HT with 
placebo in postmenopausal women [ 5 ]. The WHI included 16,608 healthy women, 
ages 50–79 years, with an intact uterus and no pre-existing coronary artery disease. 
Subjects were randomized to receive either conjugated equine estrogen (0.625 mg/
day) with medroxyprogesterone acetate (2.5 mg/day) or placebo. The trial had 
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several different arms, including an estrogen plus progestin arm (EPT) and an 
estrogen- only arm (ET) for women post hysterectomy (~10,739 women). In May 
2002, after a mean follow up of 5.2 years, the study was stopped prematurely due to 
a 26 % increased risk of invasive breast cancer and excessive CVD events in the 
EPT group during the fi rst year and nearly a 30 % increased risk of coronary events, 
mainly nonfatal myocardial infarctions. A 41 % increased risk of stroke and a dou-
bled risk of venous thromboembolism was also seen [ 49 ]. Controversy erupted 
when investigators felt compelled to send letters to women participating in the trial 
stating that those in the EPT group had experienced an increased risk of breast can-
cer, heart attacks, strokes, and blood clots during the early portion of the trial. At the 
same time, however, investigators stated that only 1 % of study participants had 
experienced adverse events and that the data was very preliminary. They pointed out 
the early detriment seen with HT in the HERS trial disappeared after the fi rst year. 

 The estrogen only arm of the study, however, showed no signifi cant effect of HT 
on CVD risk. Overall CVD risk was estimated to be increased by eight cases per 
10,000 women per year in the combined therapy group while the risk was estimated 
to be decreased by three cases per 10,000 women per year in the estrogen only 
group [ 35 ]. Women in the ET arm of the WHI also demonstrated no increased risk 
of breast cancer. The WHI trial was actually terminated early (in 2002) after fi nding 
a small but signifi cant increase in cardiovascular events and other adverse outcomes 
in the hormone therapy group. The early termination of the WHI trial created much 
controversy regarding the role of HT and its effects on cardiovascular health in 
women. The trial changed the practice of prescribing HT for postmenopausal 
women. Many women had their hormone therapy discontinued at that time. 

 The aforementioned trials showed that menopausal hormone therapy did not pre-
vent incidence or recurrence of CVD in women and increased their risk of stroke. 
Taken together, the cumulative data of HERS, ERA, and WHI supported the con-
cept that HT should not be used in the prevention of cardiovascular disease and 
redirected focus on established preventative lifestyle and medical therapies such as 
smoking cessation, heart healthy diet, physical activity, weight management, as 
well as control of hypertension and hypercholesterolemia [ 47 ].  

    Additional Outcomes from Observational Studies 
and Clinical Trials 

    Stroke 

 The estrogen plus progestin arm (EPT) and estrogen arm (ET) in the WHI revealed 
an increased risk of ischemic stroke. This risk tended to be higher in those taking 
estrogen only. There were eight additional strokes per 10,000 women per year of EPT 
and 11 additional strokes per 10,000 women per year of ET. Stroke risk nearly dou-
bled in the ET group of women within 10 years of menopause. The ET arm of the 
study was thus terminated 8 months early after nearly 7 years due to increased stroke 
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risk (HR 1.39; estimated at an excess of 12 cases per 10,000 patient years) with 
0.625 mg CEE. Lower stroke risk was seen in the combined group. Excess stroke risk 
dissipated after discontinuation of HT. Findings from the Nurses’ Health Study were 
consistent with those of the WHI, indicating an increased risk of ischemic stroke with 
HT. However, results from observational studies have been inconsistent [ 35 ].  

    Venous Thromboembolism 

 In both observational and randomized controlled studies, the risk of venous thrombo-
embolism (VTE) increased with oral HT in postmenopausal women. In the WHI, 
VTE risk emerged shortly after initiation of HT (during the fi rst 1–2 years). The risk 
seemed to decrease with time. Analysis of the entire cohort demonstrated more cases 
of VTE in the combined therapy group than in the estrogen alone group. In women 
who started HT before age 60 years, VTE risk was lower than in those who initiated 
HT after 60 years. Initiation of HT with lower doses of estrogen and less androgenic 
progestins in younger women ages 50–59 or those within 10 years of menopause 
without underlying thromboembolic disease is associated with less risk of thrombo-
sis. The rising incidence of venous thromboembolism with age can be explained, in 
part, by the fact that abnormal endovascular surfaces are more likely to give rise to 
intravascular clots. Also, estrogen has more favorable effects on healthy vasculature 
than atherosclerotic arteries [ 35 ,  51 ]. All three randomized controlled trials showed 
an increase in VTE and its associated complications including phlebitis and pulmo-
nary emboli in patients taking HT. Thus, HT should be avoided in women who have 
had recent fractures, cancer, recent surgery, a history of blood clots, or any other fac-
tor that predisposes them to the development of clotting abnormalities [ 38 ].  

    Diabetes Mellitus 

 In the combined therapy group of the WHI, women had a statistically signifi cant 
21 % reduction in the incidence of type 2 diabetes mellitus (T2DM). In the HERS 
study, a similar risk reduction was noted. Women receiving estrogen only in the 
WHI had a 12 % reduction in the incidence of T2DM. In the PEPI trial, fasting 
glucose levels were reduced in women receiving HT, however glucose levels after 
a 2 h oral glucose tolerance test were elevated [ 35 ].  

    Total Mortality 

 Total mortality was reduced by 30 % in both the EPT and ET groups in the WHI 
when initiated in women younger than 60. The risk reduction was statistically 
 signifi cant when the groups were combined. 
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 Ten fewer deaths per 10,000 women aged 50–59 years occurred whereas 16 
additional deaths occurred in women aged 70–79 years [ 35 ]. 

 The clinical outcomes of the WHI are summarized in Table  16.3 .

        Inconsistencies Between Observational and Randomized 
Trials of HT and CHD 

 Observational studies may be misleading because women who take postmenopausal 
hormones tend to have a better CHD profi le and obtain more preventive care than 
non-users [ 44 ]. The discrepancy may also be due to differences between study pop-
ulations and treatments. Most of the observational studies of HT enrolled relatively 
young and healthy postmenopausal women who started HT around the time of 
menopause for symptomatic relief [ 52 ,  53 ]. In contrast, subjects in HERS were 
older with coronary artery disease and were treated with estrogen plus progesterone. 
When the Nurses’ Health Study (NHS) was compared to the WHI, signifi cant dif-
ferences were also found between involved groups. Women in the NHS were 
younger (55 years or younger) with less cardiovascular risk factors, and treatment 
had been started sooner after menopause. In contrast, women in the WHI were, on 
average, 63 years old when they began HT.  

    The Timing Hypothesis 

 Due to the small but signifi cant increased risk of cardiovascular events and other 
adverse outcomes in the hormone therapy group of the WHI, the study was terminated 
early. Secondary analyses of the WHI indicate timing of initiation of HT may be 
responsible for the disparity in fi ndings between observational and randomized con-
trolled trials [ 17 ,  54 ]. Secondary analyses of clinical and observational studies have 
helped to resolve some of the disparate fi ndings. A subgroup analysis of the NHS 
revealed loss of protective effects in older women [ 16 ], whereas a subgroup of women 
in the WHI, who were younger (50–59 years) or within only 10 years of menopause 
receiving estrogen only, did not appear to be at increased risk of cardiovascular events. 

   Table 16.3    Clinical outcomes of WHI (estrogen + progestin)   

 Adverse event  Hazard ratio (HR) 
 Increased absolute risk per 
10,000 women-years 

 CHD  1.29  7 
 Stroke  1.41  8 
 VTE  2.11  18 
 Breast cancer  1.26  8 

  Data collected from Writing Group for Women’s Health Initiative Investigators. Rossouw et al. [ 5 ], 
Manson et al. [ 60 ], Chlebowski et al. [ 61 ] 
  CHD  coronary heart disease,  VTE  venous thromboembolism  
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These women were also shown to have less coronary artery calcifi cation compared to 
those taking placebo [ 6 ]. For women ages 50–59 in the estrogen only arm of the WHI, 
the hazard ratios for CHD and MI were 0.48 and 0.54 respectively, indicating that ET 
may reduce CHD risk when initiated in younger, recently menopausal women. When 
the ET and EPT trials were combined to investigate the effects of HT in relation to age 
and proximity to menopause, women who initiated HT more than 10 years beyond 
menopause were at increased risk of CHD. These sub-analyses suggest that the timing 
of initiation of hormone treatment in relation to the onset of menopause may infl uence 
the risk of CVD events. The WHI and HERS have shown that late starting of HT is 
either ineffective or harmful (Tables  16.4  and  16.5 ).

    By beginning menopausal hormone therapy early in appropriate postmenopausal 
women, cardiovascular risk factors may be minimized. What the “timing hypothe-
sis” implies is that a young healthy woman with signifi cant vasomotor complaints 
close to menopausal transition may benefi t from HT and avoid the risk of CVD 
given that she has normal vasculature [ 49 ]. 

 The previously mentioned Kronos Early Estrogen Prevention Study (KEEPS) [ 37 ] 
found HT to be helpful in controlling symptoms in newly menopausal younger 
women (mean age 52). Since KEEPS was not large enough to investigate outcomes, 
the study focused on surrogate markers of atherosclerosis, changes in vascular bio-
markers, cognitive function, mood, and quality of life. No signifi cant difference 
between the treatment and placebo groups was found between the rates of atheroscle-
rosis progression measured by carotid intima media thickness or coronary artery cal-
cium. Although little progression of atherosclerosis was observed in these newly 
menopausal women, the study lacked suffi cient statistical power to evaluate this ques-
tion. Overall, the fi ndings of this study showed several favorable effects of hormone 
therapy in newly menopausal women but stressed the need for individualized and 

   Table 16.4    Event risk by years since menopause for estrogen only (CEE)   

 Years since menopause  <10 years  10–19  ≥20 

 Event  HR  HR  HR  P value for trend 
 CHD  0.48  0.96  1.12  0.15 
 Stroke  2.24  1.47  1.2  0.24 
 Total mortality  0.65  0.93  1.16  0.42 

  Adapted from Rossouw et al. [ 54 ] 
  Abbreviations :  CEE  conjugated equine estrogens,  CHD  coronary heart disease,  HR  hazard ratio  

   Table 16.5    Event risk by years since menopause for combined HT (CEE + MPA)   

 Years since 
menopause  <10 years  10–19  ≥20 

 Effectiveness-based guidelines for the prevention 
of cardiovascular disease in women–2011 update: 
a guideline from the American Heart Association 

 Event  HR  HR  HR  P value for trend 
 CHD  0.88  1.23  1.66  0.05 
 Stroke  1.58  1.12  1.35  0.87 
 Total mortality  0.81  1.03  1.11  0.93 

  Adapted from Rossouw et al. [ 54 ] 
  Abbreviations :  HT  hormone therapy,  CEE  conjugated equine estrogens,  MPA  medroxyprogester-
one acetate,  CHD  coronary heart disease,  HR  hazard ratio  
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personalized care since oral and transdermal preparations of estrogen may have dif-
ferent effects and advantages depending on underlying cardiovascular risk factors, 
personal preferences, and priorities of treatment. Of note, transdermal estrogen has 
not been associated with increases in triglycerides or C-reactive protein, and, there-
fore, may be more benefi cial than oral estrogen in obese postmenopausal women with 
the metabolic syndrome [ 36 ]. The results of KEEPS provided reassurance to recently 
menopausal women taking HT for short-term menopausal symptom relief. 

 If initiating HT, non-modifi able risk factors, such as family history and age, in 
addition to modifi able risk factors, including smoking, obesity, and a sedentary life-
style, should be taken into account. Further support for the importance of evaluating 
women for cardiovascular risk factors prior to initiating HT is provided by a 2008 
study published in the Journal of the American Heart Association that found that hot 
fl ashes were associated with subclinical cardiovascular disease as evidenced by 
lower fl ow mediated vasodilation and increased aortic calcifi cation [ 55 ]. When pre-
scribing HT, proper time of initiation, effective formulation, dose, route, regimen, 
and duration of HT should be established in order to avoid adverse effects (Fig.  16.1 ).

Menopausal symptoms
(bothersome hot flushes,

night sweats)

Yes No

Under age 60 and within 10
years of menopause

Yes No

High risk for breast 
cancer or cardiovascular 

disease

consider alternative
treatments, such as lifestyle
changes, over-the-counter

products, SNRIs, or gabapentin

Yes No

Consider alternative
treatments, such as lifestyle
changes, over-the-counter

products, SNRIs, or 
gabapentin

Consider hormone therapy using 
the lowest dose for the shortest 
duration that meets treatment 

goals; reassess need for hormone 
therapy and try to lower the dose

at least annually

  Fig. 16.1    Decision tree for patients with menopausal symptoms, including bothersome hot fl ushes 
and night sweats.  SNRI  serotonin–nore- pinephrine reuptake inhibitor (With permission from 
Shrifen [ 38 ]).  HT  hormone therapy       
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       Conclusions 

 A lower incidence of CVD in premenopausal women compared to age-matched men 
may be explained by the protective role of sex hormones. The incidence becomes 
comparable or even higher in women than in men after 10 years of menopause, mak-
ing CVD the primary cause of death in postmenopausal women, exceeding all cancer 
deaths combined [ 7 ]. Postmenopausal women undergo several hormonal, metabolic, 
and vascular changes that predispose them to an increase in heart disease. HT was 
used routinely in the past since it was thought to reduce the risk of cardiovascular 
disease in postmenopausal women. Despite all of the previously noted benefi ts of 
estrogen for CVD prevention in women, exogenous estrogen in postmenopausal 
women has shown to be, in fact, possibly harmful. Two studies in particular – the 
Heart and Estrogen/Progestin Replacement Study (HERS) and the Women’s Health 
Initiative (WHI) – failed to prove the benefi cial effects of hormone therapy in post-
menopausal women (in either secondary or primary cardiovascular prevention). In 
response to the WHI, many women discontinued menopausal hormone therapy. 

 Physicians continue to recommend HT for vasomotor symptoms associated with 
menopause and their potential consequences such as diminished sleep quality, irri-
tability, and diffi culty concentrating. HT may also be used to prevent osteoporosis 
and improve genito-urinary symptoms in selected women after menopause. 
Treatment with HT must be individualized. A woman’s risk of stroke, CHD, venous 
thromboembolism, and breast cancer should be considered. Since the WHI, a sub-
stantial amount of research has led to a greater understanding of the benefi ts and 
risks of HT. Evidence suggests that the timing of HT and the route of delivery may 
produce different effects. Depending on a woman’s symptoms or underlying risk 
factors, one route of delivery may prove more advantageous than another [ 36 ]. 
Observational and clinical trials have revealed that if HT is given to healthy, young 
women around the time of the menopausal transition, there is less risk for CVD 
events. However, if HT is administered to women who are farther out from their 
menopausal transition, they are more likely to suffer from a cardiovascular adverse 
event. Therefore, women should be asked about their cardiac risk factors as well as 
their predispositions to thromboembolic disease if considering HT for debilitating 
menopausal symptoms. The lowest effective doses of estrogen for the shortest dura-
tion should be used for management of vasomotor symptoms. 

 Based on current American Heart Association (AHA) Effectiveness-Based 
Guidelines for the Prevention of Cardiovascular Disease in Women, hormone ther-
apy should not be used for the prevention of CVD, or as primary therapy for lower-
ing cholesterol in postmenopausal women. HT is also not recommended in 
postmenopausal women with coronary artery disease or smokers [ 56 ,  57 ]. However, 
a report by the International Menopause Society from 2008 ruled out early harm of 
HT on CHD in newly postmenopausal women [ 58 ]. Additional research is neces-
sary to understand the effects of HT on individual women, with the consideration of 
the effects of genetics and lifestyle [ 35 ]. The early identifi cation of women at high 
risk of CVD and the implementation of appropriate lifestyle modifi cations, or statin 
therapy if necessary, to reduce the risk are very important.     

R.M. Dallasen et al.



375

   References 

    1.    Go AS, Roger VL, Benjamin EJ, Berry JD, Borden WB, Bravata DM, Dai S, Ford ES, Fox CS, 
Franco S, Fullerton HJ, Gillespie C, Hailpern SM, Heit JA, Howard VJ, Huffman MD, Kissela 
BM, Kittner SJ, Lackland DT, Lichtman JH, Lisabeth LD, Magid D, Marcus GM, Marelli A, 
Matchar DB, McGuire DK, Mohler ER, Moy CS, Mussolino ME, Nichol G, Paynter NP, 
Schreiner PJ, Sorlie PD, Stein J, Turan TN, Virani SS, Wong ND, Woo D, Turner MB, 
American Heart Association Statistics Committee and Stroke Statistics Subcommittee. Heart 
disease and stroke statistics—2013 update: a report from the American Heart Association. 
Circulation. 2013;127:e6–245.  

          2.    Edmunds E, Lip GY. Cardiovascular risk in women: the cardiologist’s perspective. QJM. 
2000;93(3):135–45.  

    3.    Lerner DJ, Kannel WB. Patterns of coronary heart disease morbidity and mortality in the 
sexes: a 26-year follow-up of the Framingham population. Am Heart J. 1986;111(2):383–90.  

    4.    Dougherty AH. Gender balance in cardiovascular research: importance to women’s health. Tex 
Heart Inst J. 2011;38(2):148–50.  

       5.    Rossouw JE, et al. Risks and benefi ts of estrogen plus progestin in healthy postmenopausal 
women: principal results from the Women’s Health Initiative randomized controlled trial. 
JAMA. 2002;288(3):321–33.  

        6.    Bechlioulis A, et al. Menopause and hormone therapy: from vascular endothelial function to 
cardiovascular disease. Hellenic J Cardiol. 2009;50(4):303–15.  

       7.    Novella S, et al. Vascular aging in women: is estrogen the fountain of youth? Front Physiol. 
2012;3:165.  

    8.    Schachinger V, Britten MB, Zeiher AM. Prognostic impact of coronary vasodilator dysfunc-
tion on adverse long-term outcome of coronary heart disease. Circulation. 2000;101(16):
1899–906.  

    9.    Erbel R, et al. Value of intracoronary ultrasound and Doppler in the differentiation of angio-
graphically normal coronary arteries: a prospective study in patients with angina pectoris. Eur 
Heart J. 1996;17(6):880–9.  

    10.    Vita JA, et al. Coronary vasomotor response to acetylcholine relates to risk factors for coronary 
artery disease. Circulation. 1990;81(2):491–7.  

    11.    Sanada M, et al. Comparison of forearm endothelial function between premenopausal and 
postmenopausal women with or without hypercholesterolemia. Maturitas. 2003;44(4):
307–15.  

     12.    Young J, Libby P. Atherosclerosis. In: Lilly L, editor. Pathophysiology of heart disease. 
Philadelphia, Baltimore, MD: Lippincott Williams & Wilkins; 2007. p. 118–40.  

    13.    Kneale BJ, et al. Gender differences in sensitivity to adrenergic agonists of forearm resistance 
vasculature. J Am Coll Cardiol. 2000;36(4):1233–8.  

    14.    Vitale C, et al. Gender differences in the cardiovascular effects of sex hormones. Fundam Clin 
Pharmacol. 2010;24(6):675–85.  

      15.    Barrett-Connor E. Women and heart disease: neglected directions for future research. 
J Cardiovasc Transl Res. 2009;2(3):256–7.  

        16.    Gungor F, Kalelioglu I, Turfanda A. Vascular effects of estrogen and progestins and risk of 
coronary artery disease: importance of timing of estrogen treatment. Angiology. 
2009;60(3):308–17.  

       17.    Vaccarino V, et al. Ischaemic heart disease in women: are there sex differences in pathophysi-
ology and risk factors? Position paper from the working group on coronary pathophysiology 
and microcirculation of the European Society of Cardiology. Cardiovasc Res. 2011;
90(1):9–17.  

     18.    Mendelsohn ME, Karas RH. The protective effects of estrogen on the cardiovascular system. 
N Engl J Med. 1999;340(23):1801–11.  

     19.    Booth EA, Lucchesi BR. Estrogen-mediated protection in myocardial ischemia-reperfusion 
injury. Cardiovasc Toxicol. 2008;8(3):101–13.  

16 Effects of Hormones and Hormone Therapy on Cardiovascular Health in Women



376

    20.    Mendelsohn ME. Protective effects of estrogen on the cardiovascular system. Am J Cardiol. 
2002;89(12A):12E–7; discussion 17E–18E.  

               21.    Stevenson JC. Menopausal hormone therapy. In: Women & heart disease. Abingdon, Oxon, 
United Kingdom: Taylor & Francis; 2005. p. 375–90.  

    22.    Wenger NK. Menopausal hormone therapy. In: Shaw LJ, Redberg RF, editors. Contemporary 
cardiology: coronary disease in women: evidence-based diagnosis and treatment. Totowa: 
Humana Press Inc; 2004.  

    23.    Gordon T, et al. Menopause and coronary heart disease. The Framingham Study. Ann Intern 
Med. 1978;89(2):157–61.  

    24.    Hu FB, et al. Age at natural menopause and risk of cardiovascular disease. Arch Intern Med. 
1999;159(10):1061–6.  

    25.    McKinlay SM, Bifano NL, McKinlay JB. Smoking and age at menopause in women. Ann 
Intern Med. 1985;103(3):350–6.  

    26.    Lakhani K, Hardiman P. Polycystic ovary syndrome. In: Wenger N, Collins P, editors. Women 
& heart disease. Abingdon, Oxon, United Kingdom: Taylor & Francis; 2005. p. 391–9.  

    27.    Bairey Merz CN, et al. Hypoestrogenemia of hypothalamic origin and coronary artery disease 
in premenopausal women: a report from the NHLBI-sponsored WISE study. J Am Coll 
Cardiol. 2003;41(3):413–9.  

    28.    Colditz GA, et al. Menopause and the risk of coronary heart disease in women. N Engl J Med. 
1987;316(18):1105–10.  

    29.    Rosenberg L, et al. Early menopause and the risk of myocardial infarction. Am J Obstet 
Gynecol. 1981;139(1):47–51.  

    30.    Wellons M, et al. Early menopause predicts future coronary heart disease and stroke: the 
Multi-Ethnic Study of Atherosclerosis. Menopause. 2012;19(10):1081–7.  

    31.   U.S. Department of Health and Human Services. Reducing the Health Consequences of 
Smoking: 25 Years of Progress. A Report of the Surgeon General. U.S. Department of Health 
and Human Services, Public Health Service, Centers for Disease Control, Center for Chronic 
Disease Prevention and Health Promotion, Offi ce on Smoking and Health. DHHS Publication 
No. (CDC) 1989;89–8411.  

    32.    Gorodeski GI. Update on cardiovascular disease in post-menopausal women. Best Pract Res 
Clin Obstet Gynaecol. 2002;16(3):329–55.  

    33.   Effects of estrogen or estrogen/progestin regimens on heart disease risk factors in postmeno-
pausal women. The Postmenopausal Estrogen/Progestin Interventions (PEPI) Trial. The 
Writing Group for the PEPI Trial. JAMA. 1995;273(3):199–208.  

    34.    Hofbauer LC, Khosla S, Schoppet M. Estrogen therapy and coronary-artery calcifi cation. 
N Engl J Med. 2007;357(12):1253–4; author reply 1254.  

          35.    North American Menopause Society. Hormone therapy position statement of: the North 
American Menopause Society. Menopause. 2012;19(3):257–71.  

         36.    Manson JE. The kronos early estrogen prevention study by charlotte barker. Womens Health 
(Lond Engl). 2013;9(1):9–11.  

        37.    Harman SM, et al. KEEPS: the kronos early estrogen prevention study. Climacteric. 
2005;8(1):3–12.  

         38.    Shifren JL, Schiff I. Role of hormone therapy in the management of menopause. Obstet 
Gynecol. 2010;115(4):839–55.  

    39.    Scarabin PY, Oger E, Plu-Bureau G. Differential association of oral and transdermal oestrogen- 
replacement therapy with venous thromboembolism risk. Lancet. 2003;362(9382):428–32.  

    40.    Canonico M, et al. Hormone replacement therapy and risk of venous thromboembolism in 
postmenopausal women: systematic review and meta-analysis. BMJ. 2008;336(7655):
1227–31.  

    41.   The Coronary Drug Project. Findings leading to discontinuation of the 2.5-mg day estrogen 
group. The coronary Drug Project Research Group. JAMA. 1973;226(6):652–7.  

    42.    Grodstein F, et al. Postmenopausal hormone therapy and mortality. N Engl J Med. 1997;
336(25):1769–75.  

R.M. Dallasen et al.



377

    43.    Humphrey LL, Chan BK, Sox HC. Postmenopausal hormone replacement therapy 
and the primary prevention of cardiovascular disease. Ann Intern Med. 2002;137(4):
273–84.  

      44.    Hulley S, et al. Randomized trial of estrogen plus progestin for secondary prevention of coro-
nary heart disease in postmenopausal women. Heart and Estrogen/progestin Replacement 
Study (HERS) Research Group. JAMA. 1998;280(7):605–13.  

     45.    Herrington DM, et al. The estrogen replacement and atherosclerosis (ERA) study: study design 
and baseline characteristics of the cohort. Control Clin Trials. 2000;21(3):257–85.  

    46.    Anderson GL, et al. Effects of conjugated equine estrogen in postmenopausal women with 
hysterectomy: the Women’s Health Initiative randomized controlled trial. JAMA. 2004;
291(14):1701–12.  

     47.    Wenger NK. Women and coronary heart disease: a century after Herrick: understudied, under-
diagnosed, and undertreated. Circulation. 2012;126(5):604–11.  

    48.    Grady D, et al. Cardiovascular disease outcomes during 6.8 years of hormone therapy: Heart 
and Estrogen/progestin Replacement Study follow-up (HERS II). JAMA. 2002;288(1):
49–57.  

      49.    Choi SD, et al. The timing hypothesis remains a valid explanation of differential cardioprotec-
tive effects of menopausal hormone treatment. Menopause. 2011;18(2):230–6.  

    50.    Abramson BL. Postmenopausal hormone replacement therapy and the prevention of cardio-
vascular disease: a review. J Cardiovasc Risk. 2002;9(6):309–14.  

    51.    Rossouw JE, et al. Lessons learned from the Women’s Health Initiative trials of menopausal 
hormone therapy. Obstet Gynecol. 2013;121(1):172–6.  

    52.    Maclaran K, Stevenson JC. Primary prevention of cardiovascular disease with HRT. Womens 
Health (Lond Engl). 2012;8(1):63–74.  

    53.    Rossouw JE. Coronary heart disease in menopausal women: implications of primary and sec-
ondary prevention trials of hormones. Maturitas. 2005;51(1):51–63.  

      54.    Rossouw JE, et al. Postmenopausal hormone therapy and risk of cardiovascular disease by age 
and years since menopause. JAMA. 2007;297(13):1465–77.  

    55.    Thurston RC, et al. Hot fl ashes and subclinical cardiovascular disease: fi ndings from the Study 
of Women’s Health Across the Nation Heart Study. Circulation. 2008;118(12):1234–40.  

    56.    Mosca L, et al. Effectiveness-based guidelines for the prevention of cardiovascular disease in 
women–2011 update: a guideline from the American Heart Association. Circulation. 2011;
123(11):1243–62.  

    57.    LaCroix AZ, et al. Health outcomes after stopping conjugated equine estrogens among post-
menopausal women with prior hysterectomy: a randomized controlled trial. JAMA. 
2011;305(13):1305–14.  

    58.    Pines A, et al. HRT in the early menopause: scientifi c evidence and common perceptions. 
Climacteric. 2008;11(4):267–72.  

    59.    Shaw JL, Bairey Merz CN, Pepine CJ, et al. Insights from the NHLBI-sponsored women’s 
ischemia syndrome evaluation (WISE) study: part I: gender differences in traditional and 
novel risk factors, symptom evaluation, and gender optimized diagnostic strategies. J Am Coll 
Cardiol. 2006;47:4S–20.  

    60.    Manson JE, et al. Estrogen plus progestin and the risk of coronary heart disease. N Engl J Med. 
2003;349:523–34.  

    61.    Chlebowski RT, et al. Infl uence of estrogen plus progestin on breast cancer and mammography 
in healthy postmenopausal women: the Women’s Health Initiative Randomized Trial. JAMA. 
2003;289:3243–53.    

16 Effects of Hormones and Hormone Therapy on Cardiovascular Health in Women



379H.Z. Mieszczanska, G.P. Velarde (eds.), 
Management of Cardiovascular Disease in Women, 
DOI 10.1007/978-1-4471-5517-1_17, © Springer-Verlag London 2014

           Introduction 

 Peripheral vascular disease (PVD) encompasses disease processes in the vascular 
bed outside of the coronary circulation. The focus of this chapter is on the diagnosis 
and management of these diseases with an emphasis on the gender based differ-
ences. We mainly discuss arterial disease where the most common pathology 
involves atherosclerotic disease. The chapter outline the disease process in three 
major territories: Carotid Artery Atherosclerotic Disease, Abdominal Aortic 
Aneurysms, and Lower Extremity Atherosclerotic Ischemic Disease. In addition to 
being commonly encountered, these diseases are discussed because they are consid-
ered coronary artery disease equivalents and included as such in the Framingham 
risk calculation. Even though the clinical consequences of atherosclerosis vary 
according to the territory involved, mortality is highly related to coexisting coro-
nary involvement. Cardiac death represents 70 % of the overall mortality of patients 
with peripheral vascular disease [ 1 ]. The involvement of multiple vascular beds 
appears to be an expression of more advanced atherosclerotic disease process asso-
ciated with a worse prognosis. The understanding of this process is critical for the 
development of preventive strategies and institution of appropriate treatment. A sig-
nifi cant amount of patients carrying these conditions remain undiagnosed for many 
years. This is true for both genders. However, women are more likely to suffer from 
undiagnosed peripheral vascular disease. Increased awareness and dedicated 
research in this area can help overcome gender-based misconceptions to both 
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prevent peripheral vascular disease in women and help clinicians and patients more 
effectively address these diseases when manifested. In addition, a major goal in 
combating these diseases should be the primary prevention of atherosclerotic 
 disease (discussed elsewhere).  

    Carotid Artery Stenosis 

    Clinical Scenarios 

     1.    A 60 year old woman with a history of DM and a strong family history of coro-
nary artery disease presents to your outpatient clinic to establish care. She has no 
complaints at the time of the appointment. You take a detailed history which 
raises no specifi c concerns and proceed to the physical examination. On physical 
exam, you notice a right sided carotid bruit. Your patient says that she has not 
been told about this before. How should this woman be managed?   

   2.    A 76 year old woman with a history of HTN and dyslipidemia is admitted to the 
hospital because of dull left arm pain and SOB for the past 6 h. She recently 
retired and had previously been active with volunteer work in her community. 
Her CXR is negative for an acute cardiopulmonary process. Cardiac biomarkers 
are negative but her symptoms are recognized as angina and she undergoes a left 
sided cardiac catheterization procedure revealing signifi cant three vessel coro-
nary artery disease. Cardiothoracic surgery is contacted for coronary artery 
bypass grafting. As part of the preoperative work-up, a carotid Doppler is ordered 
and the result returns with an 80 % stenosis of the right internal carotid artery. 
How should this woman be managed?      

    Prevalence/Incidence, Morbidity/Mortality Associated 
with the Disease 

 Each year, about 700,000 people experience a new (500,000) or recurrent (200,000) 
stroke, and the great majority are ischemic events [ 2 ]. Cerebral ischemic events dif-
fer from acute coronary events in that they are more likely related to embolic phe-
nomenon. Stroke is a leading cause of death in the United States and the personal 
and fi nancial consequences of a stroke can be debilitating. 

 Carotid artery stenosis has been implicated with approximately 20–25 % of isch-
emic strokes [ 3 ]. When carotid artery stenosis is detected, management should con-
sist of both medical management and secondary prevention interventions. Decisions 
for invasive interventions are based on stenosis severity, symptoms, and the per-
ceived risks and benefi ts of the procedure in which there does appear to be a differ-
ence between men and women. Risk stratifi cation based on plaque characteristics, 
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identifi ed by various imaging modalities, is under investigation and may be included 
in future guidelines. 

 Smoking and advanced age are the two strong risk factors associated with the 
development of carotid atherosclerosis. The disease is more common in women 
than men after the age of 75 and more women are expected to be affected with 
increasing life expectancies. Smoking is a modifi able risk factor and smoking ces-
sation should be emphasized especially if the presence of carotid stenosis is known. 
Hypertension is also a strong risk factor in patients with stroke. Similar to athero-
sclerotic disease in the coronary arteries, diabetes, and dyslipidemia are also risk 
factors for carotid artery disease. 

 Carotid atherosclerotic disease, along with being a risk factor for stroke, is 
strongly correlated with severe coronary artery disease (CAD) [ 4 ]. Approximately 
50–60 % of patients with carotid disease have severe CAD. Additionally, increased 
carotid intimal media thickness has been associated with increased risk of MI [ 5 ]. 
The secondary prevention measures have the dual impact of carotid plaque stabili-
zation and prevention of acute coronary syndrome.  

    Screening: History/Symptoms, Physical Examination, 
Imaging Studies 

 History taking should include a detailed investigation of neurologic symptoms. 
Classifying symptomatic vs. asymptomatic carotid stenosis is important because 
treatment strategies can differ, especially for women. Unilateral symptoms of weak-
ness or numbness, diffi culty with speech, and visual symptoms including amaurosis 
fugax are clues for cerebral embolization. Symptoms of retinal artery and ophthal-
mic artery occlusion are considered stroke equivalents. It is important to mention 
that syncope or near syncope is not considered a symptom associated with carotid 
artery stenosis and it is a rare manifestation of carotid disease. 

 Physical exam should include auscultation for a carotid bruit. This can help local-
ize the lesion, however the absence of a bruit does not rule out signifi cant carotid 
stenosis [ 6 ]. A fundoscopic exam can detect retinal artery embolization. Cardiac 
auscultation can help to identify a potential abnormal rhythm such as atrial fi brilla-
tion which may be the source of embolization. Even if carotid artery disease is sus-
pected, it is important to rule out other possible co-existing etiologies for stroke. 

 Duplex Ultrasound: fi rst line test, noninvasive, cost effective, ideal for following 
patients over time. 

 Peak systolic velocity ratios are obtained comparing the internal carotid artery 
(ICA) and the common carotid artery (CCA). ICA/CCA of less than 2 means there 
is not a signifi cant stenosis. ICA/CCA of greater than 4 suggests a severe stenosis. 
In general, higher peak systolic velocities are indicative of higher amounts of steno-
sis. Table  17.1  shows the ultrasound measurements and degree of lumen occupied 
by plaque, with the corresponding percent stenosis [ 7 ].
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   CT angiography (CTA): equal to carotid Doppler, more costly, recommended to 
visualize other parts of the vasculature and surrounding tissues if a systemic process 
or local compression is suspected. CT may be advantageous in providing enhanced 
visualization. The disadvantage is the need for contrast injection and it cannot be 
performed at the bedside. 

 MRI: considered equal to Doppler and CTA, most costly, has the benefi t of 
 further delineating characteristics of carotid plaques that have been associated with 
prognostic implications. 

 Carotid Angiography: gold standard for assessment of carotid atherosclerosis 
and allows for assessment of collateral circulation that is known to be associated 
with reduced stroke risk. Requires the use of contrast (signifi cantly less than CTA), 
and carries a small risk of stroke, not present with other modalities.  

    Treatment Options 

    Medical Management 

 Treatment goals should include secondary prevention measures in accordance with 
ACC/AHA guidelines [ 8 ]. This includes aggressive blood pressure control, dyslip-
idemia management, smoking cessation, and the addition of an antiplatelet agent 
[ 8 ]. There is not consistent evidence regarding which agent is the best antihyperten-
sive to prevent stroke. ACE inhibitors and diuretics are accepted fi rst line medica-
tions. Regardless of the agent chosen, benefi t is seen when the patient’s blood 
pressure is reduced to goal [ 8 ]. Strict blood pressure control with a goal blood pres-
sure of less than 130/80 is recommended. Lipid management with a statin is recom-
mended with a goal of LDL less than 100 and most cardiologists recommending a 
LDL goal of less than 70 both to prevent progression of the plaque and for stabiliza-
tion [ 8 ]. There is some evidence of improved outcomes if the statin is started prior 
to any planned intervention [ 9 ]. Control of diabetes is not known to change out-
comes in large vessel disease, but the general consensus is that there should be a 
goal hemoglobin a1c value of less than 7. Low dose aspirin and/or another antiplate-
let medication should be started and continued indefi nitely as long as there are no 

   Table 17.1    Doppler ultrasound in the evaluation of internal carotid artery stenosis   

 Degree of 
stenosis (%)  ICA PSV (cm/s) 

 Plaque estimate 
(%) 

 ICA/CCA PSV 
ratio 

 Diagnostic 
accuracy (%) 

 Normal  <125  None  <2.0 
 <50  <125  <50  <2.0  90 
 50–69  125–230  ≥50  2.0–4.0  40 
 ≥70  >230  ≥50  >4.0  90 
 Near occlusion  High, low or 

undetectable 
 Visible  Variable 

   CCA  common carotid artery,  ICA  internal carotid artery,  PSV  peak systolic velocity  
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contraindications. The presence of more than one vascular territory affected means 
that a patient has a higher relative risk of dying from a cardiac cause and should 
affect a clinicians approach to the patient.  

    Carotid Endartectomy (CEA) 

 Carotid endartectomy is currently considered the standard of care for prevention of 
CVA in patients with signifi cant stenoses regardless of symptoms. It has proven 
usefulness in prevention in combination with medical therapy as compared to medi-
cal management alone. Evidence from the North American Symptomatic Carotid 
Endarterectomy Trial (NASCET) showed sustained benefi t in the reduction of 
stroke or death in symptomatic patients treated with CEA as opposed to medical 
therapy alone. The benefi t was more signifi cant according to the degree of stenosis 
(70–99 % stenosis – 9 % vs. 26 % (P < 0.001) at 26 months. 50–69 % stenosis – 
15.7 % vs. 22.2 % (p = 0.045) at 5 years. <50 % stenosis – No benefi t) [ 10 ]. The 
Asymptomatic Carotid artery stenosis (ACAS) demonstrated this benefi t in asymp-
tomatic patients with carotid stenosis of 60 % percent or more [ 11 ]. However, the 
data from these trials were derived from mostly male patients with extrapolations of 
the benefi t for women obtained from subgroup analysis. There is evidence that 
symptomatic women derive less benefi t than men from CEA and there is not clear 
evidence that women with asymptomatic carotid disease even benefi t from the pro-
cedure [ 11 ,  12 ]. A discussion of CEA in women should include a standard discus-
sion of risks including risk of MI, stroke, or death along with other surgical risks 
including cranial nerve palsies and wound complications. It should be clear that the 
quoted benefi ts of the procedure are based on data mainly from men and that the 
benefi t is known to be lower in women. Surgeons keep track of procedural outcomes 
and it may be possible to see the outcomes specifi cally for women to obtain a more 
accurate assessment of risk according to gender.  

    Carotid Artery Stenting (CAS) 

 Carotid Artery Angioplasty with stent placement is a percutaneous procedure that 
has evolved into an accepted alternative to CEA in both symptomatic and asymp-
tomatic patients with carotid disease. It has the potential positive attributes of 
minimal invasiveness, shorter post procedural recovery, and shorter hospital stay. 
Several randomized studies comparing CEA and CAS have been conducted and 
summarized in Table  17.2 . The largest study using a more contemporary approach 
and with adequate follow up is the Carotid Revascularization Endarterectomy vs. 
Stenting Trial (CREST) trial. It compared the outcomes of carotid-artery stenting 
with those of carotid endarterectomy among patients with symptomatic or asymp-
tomatic extracranial carotid stenosis. The primary end point of the study, myocar-
dial infarction, stroke or death was similar and no statistically signifi cant difference 
between the two alternative revascularization modalities [ 13 ]. Although, there was 
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no statistically signifi cant difference in outcomes between men and women, there 
was a trend towards worse outcomes for women. CEA seemed to be better for 
older patients (defi ned as above75). CAS is preferred in certain groups that are 
known to have worse surgical outcomes including those with previous neck sur-
gery or radiation, prior CEA, and younger patients. CAS does carry a higher risk 
of minor stroke than CEA. However, CEA carries a higher risk of myocardial 
infarction [ 13 ].

       Clinical Scenarios Revisited 

     1.    The woman in scenario 1 should have risk factors addressed at this appoint-
ment. This includes smoking cessation if applicable, blood pressure control 
with a goal of 130/80 (ACE-I in the absence of a contraindication is preferred 
because of DM), lipid management, and blood glucose management as a stan-
dard of care. Carotid Doppler should be ordered to evaluate the bruit heard on 
physical exam. This patient may or may not have signifi cant carotid disease. If 
signifi cant disease is found, then medical management is indicated with low 
dose aspirin. The woman can be classifi ed as having asymptomatic carotid ste-
nosis. Further interventions, either CEA or CAS risk and benefi ts should be 
discussed with the patient. Even though the data remains controversial, the fact 
the patient is 60 years of age, will probable benefi t more with carotid revascu-
larization. Whereas for older patients, mainly women, the benefi t of revascular-
ization is less clear.   

   Table 17.2    Summary of clinical trials comparing carotid artery stenting (CAS) and carotid 
endarterctomy (CEA)   

 Trial  No. of patients  Type of study  Study arm  Outcome (stroke, MI or death) 

 CAVATAS 
[ 14 ] 

 504  Randomized  CAS vs. 
CEA 

 No difference 

 SAPPHIRE 
[ 15 ] 

 98  Randomized  CAS vs. 
CEA 

 16.8 % vs. 16.5 % (p = 0.95) 

 EVA-3S [ 16 ]  527  Randomized  CAS vs. 
CEA 

 9.6 % vs. 3.9 % at 30 days (RR 2.5; 
95 % CI 1.2–5.1) 

 11.7 % vs. 6.1 % at 6 months 
 SPACE [ 17 ]  1,214  Randomized  CAS vs. 

CEA 
 9.5 % vs. 8.8 % at 2 years 

(HR 1.10; 95 % 0.75–1.61) 
 CREST [ 13 ]  1,321  Randomized  CAS vs. 

CEA 
 6.7 % vs. 5.4 % at 180 days 

(HR 1.26; 95 % CI 0.81–1.96) 
 ICSS [ 18 ]  1,710  Randomized  CAS vs. 

CEA 
 8.5 % vs. 5.2 % at 120 days 

(HR 1.69; 95 % CI 1.16–2.45) 

   CAVATAS  carotid and vertebral artery transluminal angioplasty study,  SAPPHIRE  stenting and 
angioplasty with protection in patients at high risk for endarterectomy,  EVA-3S  endarterectomy vs. 
angioplasty in patients with symptomatic severe carotid stenosis,  SPACE  stent-protected angio-
plasty vs. carotid endarterectomy,  CREST  carotid revascularization endarterectomy versus stenting 
trial,  ICSS  international carotid stenting study,  MT  medical therapy  
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   2.    The woman in scenario 2 should also be evaluated in more detail to determine if 
she has symptoms of stroke or TIA. This patient represents a complicated situa-
tion in which it is necessary to perform both a carotid intervention and CABG. 
There is no recommendation for routine carotid screening prior to CABG in 
asymptomatic patients. However, the presence of signifi cant disease is  associated 
with an increased risk of stroke during coronary surgery. Conversely, the risk of 
MI during a carotid intervention is also increased if associated advanced CAD. 
There is no clear answer regarding which procedure to perform fi rst. It is accepted 
that the symptomatic territory should be approached fi rst. If she is considered to 
be symptomatic, this may prompt clinicians to pursue carotid intervention sooner 
after bypass surgery. If asymptomatic, the coronary revascularization should be 
performed. The asymptomatic carotid disease should be addressed at a later 
time. Even though proposed by some high volume institutions, signifi cant con-
troversy remains, regarding the combined approach of both territories within the 
same setting.        

    Abdominal Aortic Aneurysms 

    Clinical Scenarios 

     3.    A 72 y/o woman with a past medical history of hypertension and dyslipidemia is 
involved in a motor vehicle collision. She is transported to the nearest hospital 
where she is evaluated by CT scans, not found to have any major traumatic 
 injuries, and deemed safe for discharge. However, the CT scan of the abdomen 
reveals an abdominal aortic aneurysm that is 4.9 cm in diameter. How should this 
woman be managed?   

   4.    A 65 y/o woman with a history of hypertension and long time smoking presents 
to your outpatient clinic for an appointment. She mentions that her older  brother’s 
physician ordered an imaging test for an abdominal aortic aneurysm and he was 
found to have a large 7 cm aneurysm. He is scheduled for surgical repair next 
week. She is concerned that she may also have one and asks if she can have a test 
done to fi nd out. How should this woman be managed?      

    Prevalence/Incidence, Morbidity/Mortality Associated 
with the Disease 

 Abdominal aortic aneurysms (AAAs) account for 15,000 deaths yearly and are the 
10th leading cause of death in the United States [ 19 ]. They are more common in 
men, but are associated with rupture more frequently in women [ 20 ]. In fact, 
although the ratio of the prevalence of AAA is 9:1 with more men being affected, 
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women account for 40 % of all deaths from AAA. The risk factors for AAA are age, 
hypertension, dyslipidemia, and smoking (Table  17.3 ). Unlike other atherosclerotic 
disease, diabetes seems to have a protective role [ 20 ]. There is also a genetic com-
ponent with those with a fi rst degree relative with an AAA have a high prevalence 
of disease [ 21 ].

      Screening: History/Symptoms, Physical Examination, Imaging Studies 

 Most AAAs are not identifi ed by complaints and most often recognized by imaging 
done for other reasons. Patient may complain of abdominal pain that radiates to the 
back as the aneurysm compresses surrounding structures. Clinicians should ask 
about these symptoms. On gentle examination of the abdomen, a pulsatile mass may 
be found. This is easier to identify in non-obese patients. There may also be evi-
dence of an abdominal bruit or signs of symptoms of embolic phenomenon distal to 
the AAA or atherosclerotic disease in the abdominal or iliac arteries. If an AAA is 
suspected based on history or physical exam fi ndings, further imaging studies 
should be pursued. The use of imaging for screening in women at risk but without 
symptoms is controversial. The USPHF recommends screening for men above the 
age of 65 with a history of smoking but there is no recommendation for women [ 22 ]. 
Thus, when clinicians determine that screening is warranted there will be variations 
in insurance coverage of screening in asymptomatic women. It is reasonable to 
screen women with a long time history of smoking and several societies recommend 
that women with a family history of AAA be screened as well [ 23 ]. However, this 
topic remains controversial. 

 A diameter of 3 cm is considered to be indicative of an aneurysm. However, this 
value is based on male patients that are known to have larger diameters of their 
aorta. Thus, the determination of what constitutes an aneurysm in women is not 
clear but is likely below the accepted 3 cm cut off. A defi nition of 50 % larger than 
the normal diameter of the aorta has been recommended for use, especially for 
women, to better classify who has an aneurysm [ 24 ]. 

   Table 17.3    Risk factors for abdominal aortic aneurysms   

 Risk factor  Comments 

 Smoking  Risk increases with duration of smoking; smoking also increases risk 
of aneurysm expansion and rupture 

 Male gender  Men are 5–10 times more likely than women to have an abdominal 
aneurysm 

 Age  Typically appearing after age 45 in men age 65 in women 
 Family history of 

abdominal aneurysm 
 Confers a twofold increased risk of abdominal aneurysm 

 Hypertension  Treat hypertension effectively in patients with abdominal aortic 
aneurysm 

 Hyperlipidemia  Statin therapy to treat hyperlipidemia is reasonable 
 Atherosclerosis  There is an association of atherosclerosis and abdominal aneurysms 
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 Imaging studies allows for assessment of the size of the aneurysm which is nec-
essary to determine the risks of rupture and determine the possible benefi t of an 
invention. Same modalities are also used to follow the aneurysm over time to deter-
mine the rate of growth. Aneurysms should be followed yearly at 3 cm, every 6 
months between 4 to 5 cm, and every 3 to 6 months at 5 cm. In addition to size, the 
location of the AAA can be determined by imaging and this allows for preoperative 
planning. 

 Abdominal Ultrasound: ideal method to screen for abdominal aortic aneurysms 
in asymptomatic patients. 

 It does not involve radiation exposure and is accurate in determining the size of 
aneurysms. 

 Good for following the AAA over time due to lack of ionizing radiation involved 
in the study. The disadvantage of the study is that it cannot provide accurate visual-
ization of branch vessels necessary for preoperative planning. 

 CT scan: it is the most accurate imaging modality for determining the size of the 
aneurysm and 

 It is helpful for preoperative planning by allowing for visualization of surround-
ing structures and branch vessels. 

 Disadvantage: ionizing radiation and the need for contrast which is not ideal if a 
patient has renal failure. 

 It is not ideal for frequent testing needed to track aneurysm changes over 
time. 

 MRI: considered an accurate modality and avoids the need for contrast. 
 Disadvantage: time consuming and costly. It is also not the best technique for 

treatment planning. 
 As CT, It is not ideal for frequent testing needed to track aneurysm changes over 

time.   

    Treatment Options 

 The medical management of AAA includes aggressive management of risk fac-
tors including dyslipidemia and hypertension. The preferred class of medications 
for treating hypertension in patients with AAA is B-blockers. By reducing pulse 
pressure, they can decrease the progression of AAA and decrease the risk of 
rupture [ 25 ]. 

 Table  17.4  shows the annual risk of rupture according to aneurysm size [ 26 ]. 
Guidelines recommend intervention when an AAA is 5.5 cm in size or if a patient is 
symptomatic [ 27 ]. However, these guidelines were developed based on data from men. 
Based on data demonstrating a high risk of rupture in women at lower diameters, cer-
tain societies have recommended that surgery or endovascular repair should be offered 
to women at diameters of 5 cm or with symptoms [ 28 ]. Although AAAs are less preva-
lent among women, they are more prone to rupture and tend to rupture at smaller aortic 
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diameters compared with men. Even though elective repair of asymptomatic AAAs is 
recommended when the diameter reaches 5.5 cm, many experts lower the threshold to 
4.5 to 5.0 cm, especially among patients of a smaller body size, women, or those with 
a family history of rupture [ 29 ,  30 ].

      Surgical Open Repair or AAA 

 Surgery to repair an AAA involves placement of a graft in the diseased aorta. It is 
the older of the two options for repair of AAA. Although it is more invasive, it is 
also considered more durable with less need for repeat procedure. It is considered 
major surgery and preoperative assessment needs to include cardiac preoperative 
assessment. This is especially important due to the high coexistence of AAAs and 
severe coronary artery disease [ 31 ].  

    Percutaneous Endovascular Repair of AAA (EVAR) 

 Endovascular repair involves graft placement intravascularly using, most com-
monly, the femoral artery as an access point. The femoral artery can be accessed 
percutaneously or by surgical cutdown. Endovascular repair has the major advan-
tage of being associated with decreased perioperative mortality [ 29 ]. It is a proce-
dure that is done by vascular surgeons, some trained interventional cardiologists, 
and interventional radiologists. It accounts for half of all AAA repairs done in the 
United States. The disadvantages are the risk of conversion to an open procedure, 
the use of contrast that may result in renal complications, and the potential to 
develop an endoleak. An endoleak describes a situation in which there is persistent 
blood fl ow into the aneurysmal sac after the procedure. It can require correction 
with another procedure. For this reason, patients with endovascular repair should 
have a close follow up. 

 Thus, as shown by UK EVAR trial investigator group (Fig.  17.1 ), EVAR offers 
no clear long term advantage over open repair among those who are good candi-
dates for either procedure [ 26 ,  29 ]. Consequently, the choice of which approach to 
take for aortic repair should be individualized for each patient and based on age, 
comorbidities, patient preference, and aortic anatomy. For those with increased sur-
gical risk due to comorbidities, endovascular repair appears to be the fi rst treatment 
choice [ 28 ].

 Diameter of abdominal aortic 
aneurysm (cm) 

 Annual risk of 
rupture (%) 

 <4.0  0.3 
 4.0–4.9  1.5 
 5.0–5.9  6.5 
 6.0–6.9  10 
 >7.0  33 

   Table 17.4    Annual risk of abdominal 
aortic aneurysm rupture according to 
aneurysm diameter   
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       Clinical Scenarios Revisited 

     3.    This woman’s AAA was found incidentally and she has no symptoms. However, the 
size of the aneurysm is concerning. There are no guidelines for the need for surgical 
or endovascular repair in asymptomatic women but it is known that women have a 
higher risk of rupture at lower diameters. Elective repair for AAA should be consid-
ered in women starting at diameters of 4.5 cm and a discussion of this option should 
take place. If the woman declines repair the AAA should be followed every 3–6 
months with imaging. Continue efforts at risk factor modifi cation by addressing 
hypertension and dyslipidemia and ensure she does not smoke. A B-blocker should 
be added to her regimen because of some evidence that it may prevent progression.   

Endovascular-repair aneurysm-related survival, 93%
(95% CI, 90-95)

Endovascular-repair survival from any cause, 54%
(95% CI, 50-59)

Open-repair aneurysm-related survival, 93%
(95% CI, 91-95)

Open-repair survival from any cause, 54%
(95% cI, 49-59)
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Kaplan-Meier Estimates for Total Survival and Aneurysm-Related
Survival During 8 Years fo Follow-Up

  Fig. 17.1    Kaplan-Meier estimates for total survival and aneurysm-related survival during 8 years 
of follow-up (Reprinted with permission from EVAR Trial Investigators [ 29 ]). Among patients 
randomly assigned to either endovascular repair or open repair of an abdominal aortic aneurysm, 
an early benefi t with respect to aneurysm-related mortality in the endovascular-repair group was 
lost by the end of the study, at least partially because of fatal endograft ruptures (adjusted hazard 
ratio with endovascular repair, 0.92; 95 % confi dence interval [CI], 0.57–1.49; p = 0.73). By the 
end of 8 years of follow-up, there was no signifi cant difference between the two groups in the risk 
of death from any cause (adjusted hazard ratio, 1.03; 95 % CI, 0.86–1.23; p = 0.72)       
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   4.    There are no clear guidelines regarding AAA screening in women. If this patient 
was a man, the guidelines would recommend a onetime screening. This woman 
is more at risk for AAA because she is a smoker and because she has a fi rst 
degree relative with an AAA. It is advisable to offer this woman screening. It 
may not be covered by certain insurance plans and this should be communicated 
to her prior to ordering studies. Aside from screening, ensure good blood pres-
sure control and strongly encourage smoking cessation.        

    Lower Extremity Peripheral Arterial Disease (LE PAD) 

    Clinical Scenarios 

     5.    A 57 year old woman is referred to your clinic with ongoing leg cramps. They are 
not always associated with exertion and never occur at rest. She is a 35 pack- year 
smoker with hypertension and hyperlipidemia. She has never been diagnosed with 
coronary artery disease, nor does she have angina symptoms. Resting ankle-bra-
chial index is 0.92. She is comfortable on exam, with a blood pressure of 161/74 and 
heart rate of 84. There are no ulcers, and pedal pulses are 1+ bilaterally. She is only 
on HCTZ 25 mg daily and simvastatin 20 mg daily. How should she be managed?   

   6.    A 63 year old woman with non-insulin dependent diabetes mellitus, hyperten-
sion and hyperlipidemia is referred to the ER with worsening right lower extrem-
ity pain over the past week, which is now occurring at rest. She has a known 
history of lower extremity peripheral arterial disease with prior stenting of the 
right popliteal artery. She has no muscle weakness on that side, but has mild 
sensory loss in her toes. How should this patient be managed?     

 The 2011Focused update of the 2005 guidelines by the ACCF/AHA centered on 
lower extremity peripheral arterial disease (LE PAD) and abdominal aortic disease, 
but did not make any gender distinctions. This is likely because the diagnosis and 
management of PAD in women are the same as in men [ 32 ]. However, there are 
several important differences with regard to risk and outcomes.  

    Risk Factors 

 Diabetes is a major risk factor, seen in 12–20 % of patients with LE PAD. It can 
increase risk two to four-fold. According to the Framingham Heart Study, 
women with diabetes were noted to have an 8.6 fold increase in risk, while men 
had a 3.5 fold increase [ 33 ]. This risk increases incrementally with increasing 
severity and duration of diabetes. The risk of critical limb ischemia is also noted 
to be greater in diabetics overall. The mortality of diabetic patients with critical 
limb ischemia is double and the risk of amputation is four fold higher as 
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compare with similar patients without diabetes [ 32 ]. Hypertension is also asso-
ciated with LE PAD, but is more highly associated with cerebrovascular disease 
and coronary artery disease. It has been noted that hypertensive men are 2.5 
times more likely to develop LE PAD, while women are 4 times more likely 
[ 32 ]. Smoking is and continues to be the leading risk factor in developing 
LE PAD. It is 2–3 times more likely to cause LE PAD than it is to cause coronary 
artery disease (CAD). Furthermore, 80 % of patients with LE PAD are smokers, 
and there is a clear dose dependent increase in risk. This risk seems to be the 
same in women as it is in men [ 32 ]. The other major risk factors of note, includ-
ing hyperlipidemia, homocysteinemia, and elevated CRP did not highlight sig-
nifi cant gender-specifi c differences in risk.  

    Symptoms 

 Intermittent claudication is the main symptom noted in patients with LE PAD, and 
is the main symptom healthcare providers try to elicit during their evaluation. The 
symptoms of chronic PAD progress rather slowly over time. Thus, after 5–10 years, 
more than 70 % of patients report either no change or improvement in their symp-
toms, while 20–30 % have progressive symptoms [ 34 ]. In the Framingham Heart 
Study, there was a cohort of 2,336 men and 2,873 women, aged 28–62, who were 
followed every 2 years since 1978 [ 34 ]. The annual incidence increased with age 
and prevalence of risk factors, and intermittent claudication was twice as prevalent 
in men. The combination of male sex, and smoking resulted in a 1.5 fold increase in 
risk of developing intermittent claudication [ 32 ]. However, asymptomatic LE PAD 
is the most common presentation of LE PAD. In asymptomatic patients, the diagno-
sis rests on the clinicians degree of suspicion and often times the physical exam. 
Physical exam fi ndings of LE PAD include loss of hair growth, coolness of the 
extremities, reduced or absent pulses on palpation, and non-healing ulcers. Criqui 
et al. used four non-invasive tests in addition to symptoms (segmental blood pres-
sures, Doppler derived fl ow velocities, post-occlusive reactive hyperemia and pulse 
re-appearance half time), and showed that only 20 % of patients with objective 
evidence of LE PAD actually had symptoms. In that study, 2.2 % of men and 1.7 % 
of women had claudication [ 35 ]. The Rotterdam Study also set out to further defi ne 
the age and sex specifi c prevalence of LE PAD and intermittent claudication using 
7,715 subjects (60 % men, 40 % women) aged 55 and older. LE PAD was prevalent 
in 19.1 % of patients, yet claudication in only 1.6 %, most of these being men [ 36 ]. 
More importantly, whether or not a patient had symptoms did not seem to affect 
outcomes in either population [ 32 ]. 

 Even though it has been shown that claudication is associated with greater rate of 
functional decline, the degree of impairment and rate of functional decline is greater 
in women. Furthermore, it was observed that women who smoked developed 
LE PAD as much as 20 years sooner than men who smoked (10 years versus 30 
years respectively) [ 36 – 38 ].  
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    Risk of Cardiovascular Events 

 Patients with LE PAD are known to be at increased risk of myocardial infarction (MI), 
stroke and cardiovascular related death. There is a 20–60 % increase in risk of MI, a 
2 to 6-fold increase in risk of death from coronary heart disease, and a 40 % increase 
in risk of stroke [ 32 ]. In the ARIC study, men with LE PAD were 4–5 times more 
likely to have a stroke/TIA than men without LE PAD. It suggested that in women, 
however, this difference was not signifi cant [ 39 ,  40 ]. The Health ABC study later on, 
however, has subsequently shown that not only do women have a higher prevalence 
of subclinical PAD; they also have a higher incidence of stroke than men [ 41 ].  

    Diagnosis of LE PAD 

 The diagnosis of LE PAD is dependent on the practitioner’s degree of suspicion 
based on symptoms, risk factors and careful physical exam. If LE PAD is suspected, 
by non-invasive testing in the form of ankle-brachial index (ABI) or toe-brachial 
index (TBI) measurement should be pursued. The following fl owchart provides an 
overview of the approach to diagnosing LE PAD and how to interpret the results of 
ABI/TBI’s (Fig.  17.2 ) [ 42 ].

Resting ABI

< 0.90 0.91-1.20 > 1.3 or Non Compressible

TBI

< 0.70> 0.70
Symptomatic

High Suspicion

Stress ABI/TBI

Low suspicion

PAD
Low Probability > 0.90 < 0.90/<0.70

PAD Diagnosis

  Fig. 17.2    ABI and clinical suspicion of PAD       
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       Management Options 

    Treatment Management 

 The initial approach to treating patients with LE PAD is aggressively managing all 
modifi able risk factors, including smoking cessation, diabetes, hyperlipidemia and 
blood pressure control. Statin therapy with LDL goal <100 mg/dL carries a Class I 
indication [ 32 ]. Goal blood pressure in non-diabetics is less than 135/85 mmHg 
(130/80 in diabetics) [ 32 ] ref. Beta-blockers are not contraindicated in LE PAD 
patients and may be used. ACE inhibitors are also useful especially in patients with 
increased cardiovascular risk. Maintaining a hemoglobin A1c less than 7 % is of 
utmost importance, as are regular diabetic foot examinations. Aspirin (typically 
75–325 mg daily) is the antiplatelet of choice in patients with confi rmed LE PAD 
[ 32 ] ref. These have been shown to decrease risk of cardiovascular events such as 
myocardial infarction and stroke. Clopidogrel 75 mg daily is an acceptable alterna-
tive to aspirin [ 43 ]. Cilostazol is the drug of choice in management of symptomatic 
LE PAD and is shown to be effective in improving walking distance [ 32 ]. 
Pentoxifylline is an alternative to cilostazol; however its benefi ts are not as well 
established. Exercise program is the most effective and class 1A recommendation 
for symptomatic patient with well-established improvement in walking capacity as 
well as decrease cardiovascular mortality [ 32 ].  

    Invasive Management 

 Invasive measures are reserved predominantly for patients that have disabling 
symptoms or critical limb ischemia [ 32 ]. Various classifi cation schemes (namely 
the Rutherford and Fontaine categories of limb ischemia) exist in grading degree of 
symptoms, and are very useful decision aides in the type of intervention pursued 
(Table  17.5 ) [ 44 ].

   Patients with lifestyle-limiting symptoms can be considered for percutaneous 
interventions such as balloon angioplasty, stenting and/or atherectomy procedures. 
More complex disease may warrant surgery interventions in the form of bypass. 
Patients with acute limb ischemia may be candidates for catheter based thromboly-
sis. Suitable candidates for this approach are those whose symptoms have been less 
than 14 days duration [ 32 ].  

    Clinical Scenarios Revisited 

     5.    The woman in this case has fairly atypical claudication symptoms; however 
given her risk factors, an exercise ABI is warranted. Further management of her 
case is based on management of her modifi able risk factors, namely her blood 
pressure and lipids. If her exercise ABI does in fact confi rm that she has LE PAD, 
she will also require antiplatelet therapy with aspirin and probably may benefi t 
from a walking program.   
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   6.    This patient has acute limb ischemia and Rutherford category IV symptoms of 
ischemic rest pain without evidence of tissue injury. Given the chronology of her 
symptoms (<14 days), she is a suitable candidate for catheter based evaluation 
and if confi rmed local intra-arterial thrombolysis. She should have emergent spe-
cialist consultation to save her from potential limb loss.        

    Summary 

 Peripheral vascular disease represents the disease processes in the vascular bed out-
side of the coronary circulation. Even though the clinical consequences of atheroscle-
rosis vary according to the territory involved, mortality is highly related to coexisting 
coronary involvement. Disease awareness to implement adequate primary and sec-
ondary prevention strategies that target both PVD and CAD are major goals to 
improve long term outcomes in this population. Signifi cant advances in diagnostic 
modalities, medications, and procedural interventions for PVD have been developed, 
however, a signifi cant proportion of patients with PVD remain undiagnosed for many 
years. Even though PVD affect both genders, the majority of the information is domi-
nated by studies of the disease process in men. Several gender based differences have 
been described and discussed along this chapter. These include differences in the 
prevalence of the disease in the different affected territories, age, clinical presenta-
tion, associated conditions, and disease progression as well as differences in the 
response to treatment modalities. Knowledge and understanding of these gender-
related differences are key to properly diagnose and treat both men and women with 
peripheral vascular disease.     
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           Introduction 

    Integrative Medicine by defi nition is a bridge between conventional Western 
Medicine and other global healing traditions. The term Holistic refers to treating the 
whole person: mind, body, emotions and spirit. Holistic Integrative Medicine is not 
synonymous with Alternative or Complementary Medicine; rather, Holistic 
Integrative Medicine makes use of the best of conventional medicine combined 
with techniques from other global healing traditions to prevent and treat chronic 
disease. 

 Holistic Integrative Medicine is not about the substitution of a supplement for a 
drug. Rather, it is about treating all of the risk factors for cardiovascular disease 
(CVD) and getting to their underlying causes. These risk factors are multi-factorial 
and may include sedentary lifestyle, hypertension, diabetes, dyslipidemia, tobacco 
use and central obesity. The psychological risks linked to CVD have been well- 
described and include stress, anxiety, depression and social isolation. 

 According to Women Heart, 8.6 million women worldwide die from heart dis-
ease each year, accounting for a third of all deaths in women. Three million women 
die from stroke each year. Stroke accounts for more deaths among women than men 
(11 % vs. 8.4 %), with additional risk for CVD unique to women related to oral 
contraceptive use in combination with tobacco. 

 Research points to an infi nite number of insults with only a few responses which 
lead to atherosclerosis. These include infl ammation, oxidative stress and immune 
dysfunction. Although genetics account for approximately 20 % of cardiovascular 
risk, 70–90 % of chronic disease is related to an individual’s lifestyle and environ-
ment. It is this intimate interaction between our genes and the environment that 
determines health or disease. Although we are born with a certain genetic code, 
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we turn genes on and off by how we live our lives. This is our greatest opportunity 
for understanding the key steps to the prevention of cardiovascular disease. No fi eld 
lends itself better to this integration than cardiology, which utilizes the best of tech-
nology and mandates the need for aggressive lifestyle change. 

 While conventional medicine excels at acute care, Holistic Integrative Medicine 
offers expertise in nutrition, nutraceuticals, exercise and mind-body interventions 
that are pivotal to CVD treatment and prevention.  

    Food Is Medicine 

 From Hippocrates we have learned that food is medicine. Today we also know that 
food is information. For example, our food choices turn on genes that lead to the 
formation of anti or pro-infl ammatory cytokines. The largest prospective study to 
look at the benefi ts of monounsaturated fats and a modifi ed Mediterranean diet is 
the Lyon Heart study. 

 This study randomized patients with known CVD to a modifi ed Mediterranean 
diet or the American Heart Association (AHA) step 1 diet [ 1 ]. The modifi ed 
Mediterranean diet is anti-infl ammatory and includes a high consumption of fresh 
fruits and vegetables; the use of whole-grains rather than refi ned carbohydrates; low 
to moderate amounts of dairy, fi sh and poultry; low amounts of red meat; minimal 
amounts of processed foods and a low to moderate consumption of wine. The pri-
mary monounsaturated fat is alpha-linolenic acid (ALA) enriched canola oil. The 
experimental group experienced 60 % fewer cardiovascular events and 80 % fewer 
late diagnoses of cancer. This was further supported in the Indo-Mediterranean 
Heart study where the Indo-Mediterranean diet group experienced 49 % fewer car-
diovascular events, 62 % fewer sudden deaths and 51 % fewer non-fatal myocardial 
infarctions in comparison to the National Cholesterol Education Program (NCEP) 
diet group [ 2 ]. Both of these diets are high in omega-3 content and are anti- 
infl ammatory. Diets high in saturated fat and refi ned sugar reduce endothelium–
dependent relaxation and increase infl ammatory markers such as interleukin-18 and 
tumor necrosis factor. 

 The Omni Heart Randomized Trial evaluated the effect of protein, monounsatu-
rated fat and carbohydrate intake on blood pressure and serum lipids [ 3 ]. In this 
study a high carbohydrate (58 %) diet was compared to a protein-modifi ed diet 
(25 %) and a high monounsaturated fat diet (37 %). Compared with baseline, the 
10-year Framingham risk was lowered in each group by 16–21 %. Both the protein 
and unsaturated fat diets demonstrated greater risk reduction than the high- 
carbohydrate diet. In addition, the higher-protein diet demonstrated the greatest 
LDL and blood pressure reductions. These patients were encouraged to have two- 
thirds of their protein from plant sources such as legumes, grains, nuts and seeds. 

 Hu and Willet reviewed 147 epidemiological and dietary intervention studies and 
concluded these nutrition principles for prevention of CVD [ 4 ]:

M. Guarneri



401

    1.    Increase consumption of omega-3 fatty acids from fi sh, fi sh oil supplement, and 
plant sources.   

   2.    Substitute non-hydrogenated unsaturated fats for saturated and trans fats.   
   3.    Consume a diet high in fruits, vegetables, nuts, and whole grains, and low in 

sugar and refi ned grain products.    

  Based on the research, nutrition recommendations include:

•    low glycemic index carbohydrates  
•   organic fruits and vegetables, especially green leafy vegetables  
•   whole grains: quinoa, rye, barley, buckwheat, oats  
•   high-quality fats: avocado, nuts, nut butters, seeds, extra virgin olive oil (fi rst or 

cold pressed)  
•   omega-3 s from fi sh such as salmon, herring, mackerel or sardines, or from 

fl axseed  
•   plant-based protein (nuts, beans and legumes) along with lean meats  
•   free-range organic eggs  
•   fi ber (should be slowly increased with the goal being 25–35 g/day)  
•   foods high in antioxidants  
•   less dairy (many people have lactose intolerance)  
•   anti-infl ammatory spices like turmeric, cinnamon, oregano and ginger  
•   functional foods: almonds, chocolate, tea, soy, miso, tempeh  
•   viscous fi bers: eggplant, oats, and psyllium  
•   tea and chocolate to reduce free radicals (due to high concentration of 

fl avonoids)    

 In addition, we recommend fi ve cups of green tea daily to reduce cardiovascular 
mortality as well as to lower cholesterol [ 5 ]. Flavonoids, especially those found in 
green tea, have been shown to have antithrombotic effects [ 6 ]. Consumption of 
black tea is associated with a reduction in acute myocardial infarction [ 7 ] and 
improved endothelial relaxation [ 8 ].  

    Hypertension 

 Hypertension affects at least 50 million Americans and results from an interac-
tion between genes and the environment. Although the incidence increases with 
age and is more prevalent among certain ethnic groups such as African 
Americans, 95 % of what we label Essential Hypertension is lifestyle-related 
and therefore preventable. Since the release of the 2003 JNC VII report, pre-
hypertension is now defi ned as a blood pressure of 120–130 mmHg systolic and 
80–89 mmHg diastolic. Although JNC VII recommends lifestyle change for 
treating individuals with hypertension and pre-hypertension, their recommenda-
tions are limited and do not take supplements, mind-body interventions and 
vegan/vegetarian diets into consideration [ 9 ]. This is unfortunate, since 
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meta-analyses demonstrate that a mean reduction in diastolic blood pressure of 
5–6 mmHg is associated with 20–25 % less coronary disease and 35–40 % less 
stroke [ 10 ]. 

    Nutrition Considerations for Hypertension 

 Our modern-day diet is responsible for a number of nutrition-related diseases. 
Research has demonstrated that vegetarians have less hypertension and coronary 
artery disease than non-vegetarians. Vegetarian diets are higher in potassium, fi ber 
and complex carbohydrates. Vegetarians consume more calcium, magnesium, vita-
min C and essential fatty acids. In addition, the vegetarian diet contains less satu-
rated fat. 

 The potassium-to-sodium ratio is one of the keys to the vegetarian diet being 
associated with less hypertension. The ideal potassium-to-sodium ratio is 5:1. In the 
typical American diet, this ratio is frequently 1:2. Americans consume more than 
5,000 mg of sodium per day. Just eating more fruits and vegetables helps to shift this 
ratio. 

 Potassium increases naturesis, improves insulin sensitivity and decreases sensi-
tivity to Angiotensin II and catecholamines. The recommended dietary intake for 
potassium in hypertensive patients is 4.7 g/day with less than 1,500 mg of sodium. 
It is important to remind patients that dairy such as cottage cheese may contain high 
amounts of sodium. Potassium supplementation in foods or through the use of salt 
substitutes should be monitored closely and reduced in patients with renal impair-
ment and those taking potassium-sparing medications. 

 The DASH trial was a multicenter, 11-week study that evaluated diet patterns 
on blood pressure. A total of 459 subjects were divided into three categories: 
increased fruits and vegetables, control, and a combination diet rich in fruits 
and vegetables and low in dairy and saturated fat. The combination diet led to a 
mean blood pressure reduction of −11.4 mmHg SBP and −5.5 DBP [ 11 ]. 
Additional dietary factors that affect blood pressure and are easy to implement 
include decreasing alcohol consumption, increasing fiber, and adding soy and 
olive oil. In the Shanghai Women’s Health Study soy protein intake was 
inversely related to SBP and DBP [ 12 ]. Similarly, a meta-analysis of fiber in 25 
randomized controlled trials demonstrated significant reductions in blood pres-
sure [ 13 ]. 

 Many foods act as natural anti-hypertensive compounds. Foods high in mag-
nesium, such as green leafy vegetables, not only have high fi ber but the magne-
sium competes with sodium for binding sites on vascular smooth muscle cells. 
In essence, magnesium acts as a calcium channel blocker. Chelated forms of 
magnesium at 500–1,000 mg/day are well-tolerated. As with potassium, magne-
sium should be used with caution or avoided in patients with known renal 
impairment.   
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    Selected Supplements for Cardiovascular Disease 

    Omega-3 Fatty Acids 

 Double-blind studies have demonstrated that fl ax and/or fi sh oil supplementation is 
effective in decreasing blood pressure. EPA and DHA competitively inhibit the 
potent vasoconstrictor thromboxane A2. A meta-analysis of 32 trials demonstrated 
a 3.4 mmHg drop in systolic and a 2.0 mmHg drop in diastolic blood pressure on 
consuming 5.6 g/day of fi sh oil [ 14 ].  

    Coenzyme Q10 

 Coenzyme Q10 levels have been found to be reduced in patients with hypertension 
and congestive heart failure. A series of eight small studies has demonstrated aver-
age systolic blood pressure decreases of 16 mmHg and average diastolic blood pres-
sure decreases of 10 mmHg [ 15 ]. 

 The current recommended dose is 60–120 mg taken with food. CoQ10 levels can 
be measured and higher doses may be indicated. Patients taking coumadin should 
be monitored as it has been reported that CoQ10 can decrease coumadin levels. Side 
effects include nausea, anorexia, and diarrhea and epigastric discomfort. 

 Q-SYMBIO is now the largest trial to date of CoQ10 in heart failure in the modern 
era. Mortensen presented results from 420 patients with class III or IV HF who were 
randomized to CoQ10 three times daily or placebo. After 2 years there was a signifi cant 
reduction in the incidence of major adverse cardiovascular events in the CoQ10 group: 
14 % (29 patients) in the CoQ10 group versus 25 % (55 patients) in the placebo group 
(hazard ratio 2.0, CI 1.3–3.2, p = 0.003). Mortensen also reported a signifi cant reduction 
in overall mortality: 9 % (18 patients) in the CoQ10 group versus 17 % (18 patients) in 
the placebo group (HR 2.1, CI 1.2–3.8, p = 0.01) There were also signifi cant reductions 
in cardiovascular mortality (p = 0.02) and HF hospitalizations (p = 0.05) [ 16 ].  

    Magnesium 

 An inverse correlation exists between magnesium levels and blood pressure. In the 
Nurses Heart Study and Honolulu Heart Study low magnesium correlated with 
hypertension [ 17 ,  18 ]. Women taking 300 mg/day had less hypertension than those 
on less than 200 mg/day. I recommend chelated magnesium at 250 mg twice per day. 
Patients are advised to monitor their bowel habits as magnesium can cause soft stool. 
Adverse side effects include diarrhea and renal stones. As with potassium, magne-
sium should be monitored closely or avoided in patients with renal insuffi ciency.  
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    Potassium 

 As noted above, improving the potassium to sodium ratio is a key to improving 
blood pressure. A meta-analysis of 19 studies has demonstrated a signifi cant reduc-
tion in blood pressure in patients taking oral potassium; −8.2 SBP, −4.5 DBP [ 19 ]. 
Potassium is best taken in food and in salt substitutes. Potassium should be avoided 
in patients with renal insuffi ciency and those on potassium-sparing medications.  

    Vitamin C 

 One of the many effects of vitamin C is that it induces a sodium diuresis. There is 
an inverse correlation between vitamin C level and blood pressure. In a study of 
elderly patients with refractory hypertension, 600 mg of vitamin C lowered the 
blood pressure 20/16 mmHg. Those with the lowest ascorbate levels had the best 
response [ 20 ].  

    Vitamin D 

 Vitamin D levels are also inversely related to blood pressure. Levels lower than 
30 ng/ml result in elevations of the plasma renin angiotensin system. In a study of 
148 women with low vitamin D3 levels, the administration of 800 IU of D3 and 
1,200 mg of calcium reduced SBP 9.3 % [ 21 ]. The same effect was not noted with 
calcium alone.  

    Aged Garlic Extract 

 In a randomized placebo-controlled trial with 50 patients, 900 mg of aged garlic 
extract with 2.4 mg of S-allylcysteine daily for 12 weeks reduced SBP 10 mmHg in 
patients with hypertension [ 22 ]. Four cloves of garlic are required to decrease blood 
pressure. This contains approximately 10,000 mcg of allicin. 

 Aged garlic extract has also been found to slow vascular calcifi cation. Sixty indi-
viduals were randomized to a daily capsule of placebo vs. Aged Garlic Extract-S 
inclusive of aged garlic-extract (250 mg) plus vitamin-B12 (100 μg), folic acid 
(300 μg), vitamin B6 (12.5 mg) and  l -arginine (100 mg). Participants underwent 
coronary artery calcium (CAC) scoring and wEAT(white adipose tissue) and 
bEAT(brown adipose tissue) measurements at baseline and 12 months. CAC pro-
gression was defi ned as an annual increase in CAC > 15 % from baseline to 12 
months. There was a strong correlation between increase in wEAT and CAC 
(r 2  = 0.54, p = 0.0001). At 1 year, the risks of CAC progression and increased wEAT 

M. Guarneri



405

and homocysteine were signifi cantly lower in AGE-S to placebo (p < 0.05). In addi-
tion, bEAT was higher in AGE-S as compared to placebo (p < 0.05). Maximum ben-
efi cial effect of AGE-S was noted with an increase in bEAT/wEAT ratio, and lack of 
progression of homocysteine and CAC. The authors concluded AGE-S is associated 
with increase in bEAT/wEAT ratio, reduction of homocysteine and lack of progres-
sion of CAC [ 23 ].  

    Tea, Coffee and Cocoa 

 Black tea and green tea have been shown to decrease blood pressure in humans. 
Dark chocolate (100 g) and cocoa are high in polyphenols. A meta-analysis of 297 
hypertensive patients given cocoa for 2 weeks had a 4.5/2.5 mmHg drop in blood 
pressure [ 24 ]. Likewise, polyphenols, chlorogenic acid (CGAs) and di-hydrocaffeic 
acids decrease blood pressure. CGAs are found in coffee bean extract. At 140 mg/
day, green coffee bean extract has been shown to decrease SBP and DBP [ 25 ]. 

 However, the results on coffee are confl icting. Coffee contains other compounds 
such as hydroxyhydroquinone, which antagonizes the benefi cial effect of CGA. In 
addition, it is important to note that slow metabolizers of caffeine have a much 
higher risk of developing hypertension than fast metabolizers. In this group, caf-
feine should be reduced or avoided.  

    Vitamin E and Antioxidants 

 The Nurses’ Health Study, which was observational in design, reported a 34 % 
reduction in cardiovascular events in subjects taking vitamin E supplementation 
[ 26 ]. Since that initial observation, multiple studies have attempted to evaluate vita-
min E in the primary and secondary prevention of cardiovascular disease. In the 
primary prevention project, 4,495 patients were followed for 3.6 years on 300 IU of 
vitamin E supplementation without demonstrating improvement in cardiovascular 
morbidity [ 27 ]. Multiple secondary prevention studies, including HOPE [ 28 ] and 
GISSI-P (GISSI-Prevenzione Investigators 1999), failed to demonstrate benefi t 
from vitamin E supplementation. 

 HATS compared treatment regimens of lipid-modifying therapy and antioxidant-
vitamin therapy, alone and together [ 29 ]. The 3-year, double-blind trial included 160 
patients with coronary disease, low levels of HDL-C and normal levels of LDL-C. 
Patients were assigned to one of four treatment regimens: simvastatin (10–20 mg/
day) plus niacin (2–4 g/day); antioxidants; simvastatin (10–20 mg/day) plus niacin 
(2–4 g/day) plus antioxidants; or placebo. The primary end points were angiographic 
evidence of change in coronary stenosis and the occurrence of a fi rst cardiovascular 
event (fatal/nonfatal MI, stroke or revascularization). The average stenosis progressed 
with placebo (3.9 %), antioxidants (1.8 %) and simvastatin plus niacin plus 
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antioxidants (0.7 %). There was a 0.4 % regression with simvastatin plus niacin alone 
(p < 0.001). In conclusion, the combination of simvastatin plus niacin greatly reduced 
the rate of major coronary events (60–90 %) and substantially slowed progression of 
coronary atherosclerosis in patients with low HDL-C. While HATS further supported 
the use of niacin for raising HDL and reducing plaque formation in combination with 
statin therapy, no further advantage was seen in the group receiving antioxidants and 
combination statin-niacin therapy. These studies did not attempt to assess the infl am-
matory and oxidative state of subjects prior to initiation and following therapy. 

 In a randomized double-blind placebo-controlled trial, subjects were given 
1,600 IU of RRR-alpha tocopherol versus placebo and followed for 6 months [ 30 ]. 
Subjects taking the vitamin E had a statistically signifi cant reduction in hs-CRP, 
urinary F2 isoprostanes, monocyte superoxide anion, and tumor necrosis factor 
release, compared with baseline and placebo. Despite this reduction in oxidative 
and infl ammatory markers, no change was seen in carotid intimal-medial thickness. 
Multiple trial design concerns have been raised to explain the inconsistency of the 
observational and randomized study data [ 31 ]. These include:

•    Not using the right type of supplement formulation  
•   Not using the correct dosage  
•   Not using a complex antioxidant mixture  
•   Not choosing the right study population  
•   Not looking at functional biomarkers    

 One of the important variables missing from all of these studies is nutritional 
status. Until biomarkers and nutritional status are included with these research vari-
ables, it is premature to conclude that antioxidants offer no benefi t in cardiovascular 
disease prevention.   

    Heavy Metal Toxicity and Cardiovascular Disease 

 Mercury and cadmium toxicity should be evaluated in any patient with hyperten-
sion, coronary heart disease, cerebral vascular disease, cerebrovascular accident, or 
other vascular disease. The overall vascular effects of mercury include increased 
oxidative stress and infl ammation, reduced oxidative defense, thrombosis, vascular 
smooth muscle dysfunction, endothelial dysfunction, dyslipidemia, and immune 
and mitochondrial dysfunction [ 32 ]. The clinical consequences of mercury toxicity 
include hypertension, coronary heart disease, myocardial infarction, cardiac 
arrhythmias, reduced heart rate variability, increased carotid intima-media thickness 
and carotid artery obstruction, cerebrovascular accident, generalized atherosclero-
sis, and renal dysfunction, insuffi ciency, and proteinuria. 

 Cadmium has less cardiovascular effect, but as it accumulates in the kidney and 
is associated with proteinuria and renal dysfunction leading to hypertension [ 33 ]. 
Mercury, cadmium and other heavy metals will decrease COMT, thereby affecting 
the metabolism of epinephrine, norepinephrine and dopamine. As a result, hyper-
tension may be the fi rst clue to heavy metal toxicity. Routine blood screening may 

M. Guarneri



407

not reveal the total body burden of heavy metals. Challenge testing with chelating 
agents such as DMSA and DMPS should be considered in patients suspected of 
having heavy metal toxicity.  

    Chelation for CAD 

 A multicenter NHLBI and NCCAM study was conducted to access whether EDTA 
chelation therapy reduced cardiovascular events in patients with cardiovascular dis-
ease (TACT). 

 The study was a double-blind, placebo-controlled, randomized trial enrolling 
1,708 patients aged 50 years or older who had experienced a myocardial infarction 
(MI) at least 6 weeks prior and had serum creatinine levels of 2.0 mg/dL or less [ 34 ]. 
Participants were recruited at 134 US and Canadian sites. Patients were randomized 
to receive 40 infusions of a 500-mL chelation solution (3 g of disodium EDTA, 7 g 
of ascorbate, B vitamins, electrolytes, procaine, and heparin) (n = 839) vs. placebo 
(n = 869) and an oral vitamin-mineral regimen vs. an oral placebo. Infusions were 
administered weekly for 30 weeks, followed by 10 infusions 2–8 weeks apart. 
Fifteen percent discontinued infusions (n = 38 [16 %] in the chelation group and 
n = 41 [15 %] in the placebo group) because of adverse events. The primary end 
point was a composite of total mortality, recurrent MI, stroke, coronary revascular-
ization, or hospitalization for angina. Qualifying previous MIs occurred a median of 
4.6 years before enrollment. The primary end point occurred in 222 (26 %) of the 
chelation group and 261 (30 %) of the placebo group (hazard ratio [HR], 0.82 [95 % 
CI, 0.69–0.99]; P = .035). There was no effect on total mortality (chelation: 87 deaths 
[10 %]; placebo, 93 deaths [11 %]; (P = .64). The study was not powered for this 
comparison. The effect of EDTA chelation on the components of the primary end 
point other than death was of similar magnitude as its overall effect (MI: chelation, 
6 %; placebo, 8 %; HR, 0.77 [95 % CI, 0.54–1.11]; stroke: chelation, 1.2 %; placebo, 
1.5 %; HR, 0.77 [95 % CI, 0.34–1.76]; coronary revascularization: chelation, 15 %; 
placebo, 18 %; HR, 0.81 [95 % CI, 0.64–1.02]; hospitalization for angina: chelation, 
1.6 %; placebo, 2.1 %; HR, 0.72 [95 % CI, 0.35–1.47]). The authors concluded that 
among stable patients with a history of MI, use of an intravenous chelation regimen 
with disodium EDTA, compared with placebo, modestly reduced the risk of adverse 
cardiovascular outcomes, many of which were revascularization procedures.  

    Physical and Psychological Resiliency 

 Research has shown that the physical deterioration associated with aging is related 
to stress and a sedentary lifestyle. For example, chronic stress leads to overproduc-
tion of cortisol, which is associated with an increased risk for central obesity, diabe-
tes, hypertension, osteoporosis, infection and sarcopenia. All of these conditions are 
more prevalent as we age. 
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 The role of stress in the development of CVD has been well described in the litera-
ture. Although stress may at times be an adaptive response to ensure survival, stress 
hormones (most notably epinephrine, cortisol and aldosterone) are associated with 
impaired glucose metabolism, weight gain, arrhythmia, hypertension, hyperlipid-
emia, infl ammation and coronary spasm. In addition, stress can adversely affect auto-
nomic and vascular tone, immune function, coagulation and the perception of pain. 

 A stress response may have multiple triggers. These include psychological trig-
gers such as frustration, anger and anxiety. Other triggers may be environmental and 
include chemical/toxin exposure, infection and allergens. Physiological triggers of 
a stress reaction may include pain or insomnia. In addition, negative emotional 
states such as sadness, hopelessness and depression are independent risk factors for 
cardiovascular disease. At a minimum, all patients should be screened for perceived 
stress, hostility, depression and social isolation. Low social economic status, which 
is associated with health disparities and adverse childhood events, are additional 
potent risk factors that affect health and should be addressed as well. 

 The European Cardiovascular Disease Guidelines recommend a short assess-
ment of psychosocial risk in clinical practice [ 35 ]. These include:

    1.     Depression : Do you feel down, depressed and hopeless? Have you lost interest 
and pleasure in life?   

   2.     Social Isolation : Are you living alone? Do you lack a close friend or confi dant? 
Do you lack any person to help you in case of illness?   

   3.     Work and Family Stress : Do you have enough control over how to meet the 
demands at work? Is your reward appropriate for your effort? Do you have seri-
ous problems with your spouse?   

   4.     Hostility : Do you frequently feel angry over little things? If someone annoys 
you, do you regularly let your partner know? Do you often feel annoyed about 
habits that others have?   

   5.     Low Socio-Economic Status : Are you a manual worker? What is your highest 
educational degree?    

     Enhancing Resiliency 

 Exercise and stress management have remarkable health benefi ts. These benefi ts 
affect not only the physical body but the emotional and mental body as well. Weight 
loss is frequently the result of a consistent exercise program. A review of 11 weight 
loss studies concluded that the average SBP and DBP reduction per kilogram of 
weight loss was 1.6 and 1.1 mmHg, respectively [ 36 ]. On average, 60 min of mild 
exercise three times per week is associated with a SBP reduction of 11 mmHg and 
a DBP reduction of 6 mmHg [ 37 ]. 

 Regular exercise and stress management:

    1.    Improves insulin sensitivity   
   2.    Increases vitality and energy   
   3.    Improves sleep   
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   4.    Decreases tension and stress   
   5.    Improves mood and depression   
   6.    Lowers blood sugar and triglycerides   
   7.    Lowers LDL cholesterol   
   8.    Improves diabetes   
   9.    Lowers blood pressure   
   10.    Improves basal metabolic rate   
   11.    Improves heart rate variability     

 In addition to exercise, many techniques are available that can enhance resil-
iency. These include proper sleep, exercise, guided imagery, laughter, meditation, 
yoga and deep breathing. A recent secondary cardiovascular prevention study was 
conducted to assess the impact of Transcendental Meditation [ 38 ]. In this study, 201 
black men and women with coronary heart disease were randomized to the TM 
program or health education. The primary end point was the composite of all-cause 
mortality, myocardial infarction, or stroke. Secondary end points included the com-
posite of cardiovascular mortality, revascularizations, and cardiovascular hospital-
izations; blood pressure; psychosocial stress factors; and lifestyle behaviors. During 
an average follow-up of 5.4 years, there was a 48 % risk reduction in the primary 
end point in the TM group (hazard ratio, 0.52; 95 % confi dence interval, 0.29–0.92; 
P = 0.025). The TM group also showed a 24 % risk reduction in the secondary end 
point (hazard ratio, 0.76; 95 % confi dence interval, 0.51–0.1.13; P = 0.17). There 
were reductions of 4.9 mmHg in systolic blood pressure (95 % confi dence interval 
−8.3 to −1.5 mmHg; P = 0.01) and anger expression (P < 0.05 for all scales). 
Adherence was associated with survival. 

 In addition, spiritual practices such as contemplative prayer, forgiveness and ser-
vice are important keys to fi nding inner peace. Since the stress response is fre-
quently related to an individual’s perception of an event, it is important to practice 
an attitude of gratitude. In addition, it is important to practice effective communica-
tion with friends, family and co-workers, manage time effi ciently and develop fun 
leisure activities.   

    General Recommendations for Cardiovascular Health 

     1.    Sodium <1,500 mg based on Dash II   
   2.    Potassium 4 g (avoid in patients with renal insuffi ciency)   
   3.    Potassium/Sodium Ration >3:1   
   4.    Magnesium 500–1,000 mg/day   
   5.    Zinc 50 mg (must factor in zinc/copper ratio)   
   6.    Potassium-containing foods (broccoli, spinach, pumpkin, squash and bananas)   
   7.    Garlic 4 fresh cloves per day or aged 600 mg BID   
   8.    Omega 3 fatty acids 2–3 g   
   9.    Omega 9 fatty acids (olives or olive oil)   
   10.    Omega 3:6 ratio 1.1–1.2 (can be measured)   
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   11.    Protein 25–30 % of calories   
   12.    Complex Carbohydrates and Fiber 40 % of Calories   
   13.    Protein 1.5–1.8 g/kg   
   14.    Body Mass Index <25   
   15.    Alcohol restriction   
   16.    Caffeine restriction or elimination depending on genetic polymorphism   
   17.    Exercise: aerobic (20 min); resistance training (40 min)   
   18.    Specifi c foods to consider: dark chocolate(100 g), pomegranate juice (8 oz), 

steel cut oats or oat bran, green leafy vegetables, celery, lycopene   
   19.    Meditation   
   20.    Gratefulness   
   21.    Appreciation   
   22.    Forgiveness      

    Conclusion 

 We have all the tools and evidence-based research to prevent cardiovascular dis-
ease. Health is more than the absence of disease. Health is a cohesive balance of 
body, mind and spirit. Our patients need to enhance their soil through lifestyle 
change. 

 There are many paths to healing and not everyone requires the same prescription. 
Good medicine requires spending time with our patients, developing their trust and 
partnering with them as we lead them on a healing journey. The word doctor means 
teacher. As teachers, our role is to guide our patients in healthy nutrition choices, 
physical activity including cardiac rehabilitation, and techniques to transform how 
they response to stress and tension.     

   References 

    1.    de Lorgeril M, Salen P, Martin JL, Monjaud I, Delaye J, Mamelle N. Mediterranean diet, tra-
ditional risk factors, and the rate of cardiovascular complications after myocardial infarction: 
fi nal report of the Lyon Diet Heart Study. Circulation. 1999;99:779–85.  

    2.    Singh RB, Dubnov G, Niaz MA, et al. Effect of an Indo-Mediterranean diet on progression of 
coronary artery disease in high risk patients (Indo-Mediterranean Diet Heart Study): a ran-
domised single-blind trial. Lancet. 2002;360:1455–61.  

    3.    Appel JL, Sacks F. Effects of protein, monosaturated fat, and carbohydrate intake on blood 
pressure and serum lipids. JAMA. 2005;294:2455–64.  

    4.    Hu FB, Willett WC. Optimal diets for prevention of coronary heart disease. JAMA. 
2002;288:2569–78.  

    5.       Kuriyama S, et al. Green tea consumption and mortality due to cardiovascular disease, cancer, 
and all causes in Japan: the Ohsaki study. JAMA. 2006;296(10):1255–65.  

    6.       Son DJ, et al. Antiplatelet effect of green tea catechins: a possible mechanism through arachi-
donic acid pathway. Prostaglandins Leukot Essent Fatty Acids. 2004;71(1):25–31.  

M. Guarneri



411

    7.    Geleijnse J, et al. Inverse assoc of tea and fl avonoid intakes with incident myocardial infarc-
tion: the Rotterdam Study. Am J Clin Nutr. 2002;75(5):880–6.  

    8.    Duffy S, et al. Short and long term black tea consumption reverses endothelial dysfunction in 
patients with coronary artery disease. Circulation. 2001;104(2):151–6.  

    9.    Chobanian AV, et al. The seventh report of The Joint Committee on Prevention, Detection, 
Evaluation and Treatment of High Blood Pressure. The JNC 7 Report. JAMA. 
2003;289:2560–71.  

    10.    Collins R, et al. Short term reductions in blood pressure. Lancet. 1990;335:827–38.  
    11.    Appel LJ, et al. A clinical trial of the effects of dietary patterns on blood pressure. DASH 

Collaborative Research Group. N Engl J Med. 1997;336:1117–24.  
    12.    Yang G, et al. Longitudinal study of soy food intake and blood pressure among middle-aged 

and elderly Chinese women. Am J Clin Nutr. 2005;81:1012–7.  
    13.    Whelton SP, et al. Effect of dietary fi ber intake on blood pressure: a meta-analysis of random-

ized, controlled clinical trials. J Hypertens. 2005;23:475–81.  
    14.    Morris MC, et al. Does fi sh Oil lower blood pressure? A meta-analysis of controlled trials. 

Circulation. 1993;88:523–33.  
    15.    Rosenfeldt F, et al. Systematic review of effect of coenzyme Q10 in physical exercise, hyper-

tension and heart failure. Biofactors. 2003;18:91–100.  
    16.      Mortensen SA. Heart failure 2013 congress in Lisbon, Portugal. 2013.  
    17.    Ascherio A, et al. A prospective study of nutritional factors and hypertension among US men. 

Circulation. 1992;86:1475–84.  
    18.    Witteman JCM, et al. A prospective study of nutritional factors and hypertension among US 

women. Circulation. 1989;80:1320–7.  
    19.    Cappuccio FP, et al. Does potassium supplementation lower blood pressure? J Hypertens. 

1991;9:465–73.  
    20.    Sato K, et al. Effects of ascorbic acid on ambulatory blood pressure in elderly patients with 

refractory hypertension. Arzneimittelforschung. 2006;56(7):535–40.  
    21.    Pfeifer M, et al. Effects of short term vitamin D3 and calcium supplementation and parathyroid 

hormone levels in elderly women. J Clin Endocrinol Metab. 2001;86:1633–7.  
    22.    Reid K, et al. Aged Garlic extract lowers blood pressure in patients with treated but uncon-

trolled hypertension. Maturitas. 2010;67(2):144–50.  
    23.       Ahmadi N, Nabavi V, Hajsadeghi F, Zeb I, Flores F, Ebrahimi R, Budoff M. Aged garlic extract 

with supplement is associated with increase in brown adipose, decrease in white adipose tissue 
and predict lack of progression in coronary atherosclerosis. Int J Cardiol. 2013;168(3):2310–4.  

    24.      Desch S, et al. Effect of cocoa products on blood pressure: systematic review and meta-analy-
sis. Am J Hypertension. 2010;23(1):97–103.  

    25.    Taubert D, et al. Effect of coca and tea intake on blood pressure. Arch Intern Med. 
2007;167(7):626–34.  

    26.    Lopez-Garcia E, et al. Consumption of (n-3) fatty acids is related to plasma biomarkers of 
infl ammation and endothelial activation in women. J Nutr. 2004;134(7):1806–11.  

    27.   Sacco M, et al., PPP Collaborative Group. Primary prevention of cardiovascular events with 
low-dose aspirin and vitamin E in type 2 diabetic patients: results of the Primary Prevention 
Project (PPP) trial. Diabetes Care. 2003;26(12):3264–72.  

    28.    Yusuf S, et al. Effects of an angiotensin-converting-enzyme inhibitor, ramipril, on cardiovas-
cular events in high-risk patients. The Heart Outcomes Prevention Evaluation Study 
Investigators. N Engl J Med. 2000;342(3):145–53.  

    29.    Brown BG, Zhao XQ, Chait A, et al. Simvastatin and niacin, antioxidant vitamins, or the com-
bination for the prevention of coronary disease. N Engl J Med. 2001;354(22):1583–92.  

    30.    Devaraj S, Tang R, Adams-Huet B, et al. Effect of high-dose alpha-tocopherol supplementa-
tion on biomarkers of oxidative stress and infl ammation and carotid atherosclerosis in patients 
with coronary artery disease. Am J Clin Nutr. 2007;86(5):1392–8.  

    31.    Blumberg J, Frei B. Why clinical trials of vitamin E and cardiovascular diseases may be fatally 
fl awed. Free Radic Biol Med. 2007;43:1374–6.  

18 A Holistic Integrative Medicine Approach to Cardiovascular Disease



412

    32.    Houston M. Role of mercury toxicity in hypertension, cardiovascular disease, and stroke. 
J Clin Hypertens (Greenwich). 2011;13(8):621–7.  

    33.    Houston M. The role of mercury and cadmium heavy metals in vascular disease, hypertension, 
coronary heart disease, and myocardial infarction. Altern Ther Health Med. 2007;13(2):
S128–33.  

    34.       Lamas GA, Goertz C, Boineau R, Mark DB, Rozema T, Nahin RL, Lindblad L, Lewis EF, 
Drisko J, Lee KL, TACT Investigators. Effect of disodium EDTA chelation regimen on cardio-
vascular events in patients with previous myocardial infarction: the TACT randomized trial. 
JAMA. 2013;309(12):1241–50.  

    35.   Perk J et al. European Guidelines on Cardiovascular Disease Prevention in Clinical Practice. 
European Heart Journal. 2012;33(13):1635–701.  

    36.    Stamler J. Epidemiologic fi ndings on body mass and blood pressure in adults. Ann Epidemiol. 
1991;1:347–62.  

    37.    Arakawa K. Effects of exercise on hypertension and associated complications. Hypertens Res. 
1999;19(Suppl):S87–91.  

    38.    Schneider RH, Grim CE, Rainforth MV, Kotchen T, Nidich SI, Gaylord-King C, Salerno JW, 
Kotchen JM, Alexander CN. Stress reduction in the secondary prevention of cardiovascular dis-
ease: randomized, controlled trial of transcendental meditation and health education in Blacks. 
Circ Cardiovasc Qual Outcomes. 2012;5(6):750–8. doi:  10.1161/CIRCOUTCOMES.112.967406    . 
Epub 2012 Nov 13.    

M. Guarneri

http://dx.doi.org/10.1161/CIRCOUTCOMES.112.967406


413H.Z. Mieszczanska, G.P. Velarde (eds.), 
Management of Cardiovascular Disease in Women, 
DOI 10.1007/978-1-4471-5517-1_19, © Springer-Verlag London 2014

        With the evolutionary transition of female roles as the number of women in the 
modern workplace has exponentially increased over time, women today fi nd them-
selves in a historically unique, complex and challenging environment. As they 
attempt to balance family and career commitments, pressures and expectations, 
unique stresses and strains impact their psychosocial experiences and cardiovascu-
lar health. 

 More so than men, it is a struggle for women to maintain their own health as they 
divide their focus and efforts on their multiple obligations [ 1 ]. In our current 
demanding world, there is a balancing act every day for the many women who have 
to work full time, often juggling professional careers while at the same time con-
tinuing to care for their families and aging parents. As women become preoccupied 
by their roles as mothers, wives and care providers, activities such as attending their 
own doctor’s appointments, exercising, and preparing healthy meals may be inten-
tionally or unintentionally sacrifi ced or postponed. 

 Unfortunately, many women fail to recognize the importance of their own health, 
forgetting that caring properly for themselves will also allow them to excel in their 
many roles. The immense responsibilities placed on women in our society are over-
whelming and often lead to stress and depression, which in turn, negatively affects 
their cardiovascular health. In fact, atypical chest pain and palpitations in women is 
often stress related. Depression causes mental and physical strain and is typically 
accompanied by an unhealthy diet lacking nutrients, failure to exercise, and poor 
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stress management techniques. In a depressed state, women are unable to optimally 
care for others, but also themselves. The perception of stress by women varies 
greatly and it is what makes some women more prone to depression and causes 
them to succumb to the consequences of stress. In this chapter, we will be discuss-
ing the pathophysiologic effects of stress and the psychosocial risk factors such as 
depression and anxiety that impact a woman’s health. Our hope is that healthcare 
professionals will become more adept at identifying and treating depression along 
with other biopsychosocial stressors, so women may achieve their goal of having a 
healthy family, career, and life [ 1 ]. 

    Stress 

 Women encounter a wide variety of psychological and socioeconomic risk factors 
which infl uence their likelihood to develop heart disease. One of these major risk 
factors is stress, in part, because the stress women experience is very different than 
that of their male counterparts. To understand this better, it is helpful to defi ne 
stress, describe different kinds of stress, and illustrate the impact it has on a wom-
en’s cardiovascular health. Stress can be acute or chronic. Acute stress is transient 
and is typically associated with anticipation of an upcoming event or may be a 
refl ection of a recent experience which induced worry. This short-term, fl eeting 
type of stress manifests as anger, anxiety, depression, palpitations, high blood pres-
sure, headache, muscle spasm, or gastrointestinal symptoms. Acute stress is easy to 
recognize and therefore has a better chance of being treated. Although it is short 
lived, it can have a more profound impact on health when it is frequently encoun-
tered and episodic. Acute episodic stress is demonstrated most clearly by the quint-
essential “type A” personality who tends to take on more responsibility that he or 
she can manage comfortably. The idea that a “type A” personality is a predisposing 
factor for poor cardiovascular health was a theory proposed in the 1950s by two 
cardiologists [ 2 ]. 

 Although chronic stress can appear similar to acute stress, it is the lengthy dura-
tion of the stress that causes a greater impact on health than acute stress. Also, since 
it persists longer, the stress experience can grow and intensify over time, ultimately 
leading to a permanent poor health outcome. Chronic stress is much more diffi cult 
to manage as well because it is ingrained and habitual, and not as easily recognized. 
It is stimulated by situations that are unrelentingly demanding, often causing mal-
adaptive behaviors, which can be harmful to health. Some research suggests that 
chronic stress can negatively effect blood glucose levels in addition to cardiovascu-
lar health [ 3 ]. Stress can be positive or negative. Examples of positive stressors 
include marriage, admission to graduate school, or participating in a scholarly or 
athletic competition. Negative stressors include the death of a family member, los-
ing a job, fi nancial troubles and divorce. Both positive and negative stress impacts 
cardiovascular health.  
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    Psychosocial Risk Factors 

 There is increasing evidence that psychological stress can infl uence the onset and 
clinical course of ischemic heart disease, especially in women. The conclusions of 
the INTERHEART study pointed towards signifi cant increased risk of myocardial 
infarction associated with exposure to both individual and multiple psychosocial 
risk factors such as traumatic life events, depression, perceived loss of control and 
elevated stress levels in the workplace or at home (adjusted odds ratio of 2.6 in men 
and 3.5 in women) [ 4 ]. 

 Women face a variety of unique psychosocial stressors that impact their health. 
One of these stressors is employment, and the characteristics of work can impact a 
woman’s cardiovascular health [ 5 ]. Currently, there are many more women in the 
workforce than in previous generations, so women have had to take on the new role 
of breadwinner or career woman, while still maintaining their more established 
roles as mother or caregiver. The demands of continuing education or establishing 
oneself in a career are overwhelming for many women. Another diffi culty for 
women in the workforce is returning to work after a shortened maternity leave. 
Work poses its own set of challenges for women, in the sense that it is often a place 
of high demand, yet limited control [ 6 ]. There is an economic burden associated 
with work which men are not faced with as much as women. The employment status 
of a woman also appears to play a role in her risk of developing heart disease. There 
is some evidence that women employed outside of their home are actually at lower 
risk of coronary heart disease than women whose primary role is homemaker. On 
the other hand stress and work overload seems to be a greater problem for full time 
employed women, particularly in families with small children. In sum, prevention 
of workplace stress may decrease the incidence of heart disease among women [ 7 ]. 

 Outside of the workforce, the role of woman as caregiver has expanded to not 
only that of a caretaker of children, but also of ill spouse and/or parents. It is not 
uncommon to come across a mother who is struggling to meet the needs of her 
young children while simultaneously trying to care for another family member. 
Interestingly, one study demonstrated that among cardiac rehabilitation participants, 
women were more likely than men to miss scheduled sessions, likely due to their 
multiple other responsibilities, and the tendency of a woman to put others before 
themself [ 8 ]. Research has suggested that higher levels of caregiver burden for ill 
spouses increase the risk of the development of coronary heart disease in women [ 9 ]. 
Women who tend to be caretakers often neglect their health and make their families 
the priority. This leads to poor nutrition, obesity, lack of exercise, chronic fatigue, 
poor coping including smoking, alcohol and drug abuse. Although it has consis-
tently been found that employment does not correlate with negative health conse-
quences, women in most industrialized countries tend to have more health- related 
problems than their male counterparts. Some of the most common health issues 
cited by women include somatic and musculoskeletal complaints, absenteeism from 
work, use of medical drugs and visits to doctors [ 8 ]. 
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 Minority women and women of low socioeconomic status are especially at risk 
for cardiovascular disease [ 10 ]. The rate of decline of mortality due to cardiovascular 
disease is signifi cantly less for black women than for white women. According to the 
U.S. Department of Health and Human Services Offi ce on Minority Health, African 
American men and women are 30 % more likely to die from heart disease than white 
men. Minorities are also more likely to have co-morbidities that typically go hand-in-
hand with cardiovascular disease. For example, roughly 35 % of blacks have hyper-
tension compared to 24 % of whites. Mexican Americans are several times more 
likely than whites to be overweight and obese. This is important as high blood pres-
sure and obesity are two of the leading risk factors for heart disease. Premature death 
is also higher for Hispanics, Asian and Pacifi c Islanders, and American Indians or 
Alaska Natives when compared to whites [ 11 ]. In women with already established 
cardiovascular disease, low socioeconomic status predicts a poorer prognosis. In 
women without cardiovascular disease, having a low socioeconomic status places a 
woman at much higher risk of eventually developing it. Both level of education and 
access to healthcare affect a woman’s heart health as well [ 11 ].  

    Pathophysiologic Effects of Stress 

 Psychosocial stress is a proven risk factor for cardiovascular disease in both patients 
with established CVD and healthy individuals [ 12 ]. It is also associated with adverse 
health behaviors. Utilizing various measures in the assessment of psychosocial 
stress, a direct correlation can be shown both in terms of higher prevalence and clus-
tering of traditional cardiovascular risk factors. For example, risk factors such as 
increased blood pressure, cardiac reactivity, blood cholesterol, and cigarette smok-
ing, in addition to poor diet and exercise habits, are correlated with Type A behavior 
personality [ 13 ]. There also appears to be an association between psychosocial stress 
and endothelial dysfunction, as resulting catecholamine and blood pressure surges 
may result in intimal damage, infl ammatory-induced free radicals blocking nitric 
oxide synthesis, and increased endothelial reactivity triggered by activated platelets 
[ 14 ]. The pathophysiologic effects of stress on women are many (see Fig.  19.1 ). For 
example, stress causes an enhanced sympathetic response leading to elevated blood 
pressure, fast heart rate, and in the end, remodelling of the heart. Alterations in auto-
nomic function, as measured by heart rate variability, have been associated with 
prothrombotic changes in women with ischemic heart disease [ 15 ,  16 ].

   There is a long established association between acute cardiovascular events such 
as myocardial infarction and unstable angina occurring in a circadian rhythm which 
is correlated with the rhythm of sympathetic nervous system activity [ 17 ]. Mental 
stress has been shown to increase heart rate, blood pressure, and myocardial oxygen 
demand. These effects are mediated at least in part by catecholamine secretion. 
Another study also has shown a link between psychosocial stress and plaque rupture 
in the setting of increased sympathetic nervous system activity with surges in heart 
rate, blood pressure, as well as weakening of the collagenous plaque cap from 

K.S. Dodd and M. Relja



417

infl ammatory processes, all of which may contribute to plaque instability [ 18 ]. 
Anger and other forms of mental stress were specifi ed as triggers for myocardial 
infarction in a study that examined the behaviors leading up to left ventricular dys-
function and blood pressure elevation in coronary patients [ 19 ]. In addition to 
hemodynamic effects, mental stress also has been shown to increase platelet aggre-
gability as well as coagulation [ 20 ]. 

 The literature has demonstrated that during periods of stress that affect a whole 
population, the numbers of people presenting with heart attacks is increased. For 
example, the rate of admission for acute myocardial infarction increased sig-
nifi cantly on the day England lost to Argentina in the 1998 World Cup [ 21 ]. 
Similarly, on the day of the Los Angeles Earthquake in 1994, there was a large 
increase in the number of sudden cardiac deaths from cardiac causes related to 
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atherosclerotic cardiovascular disease [ 22 ]. Studies have also shown that women 
under a greater degree of stress have higher cortisol levels, which in turn, may 
infl uence eating behavior and lead to weight gain. High cortisol levels have been 
shown to accelerate aging, increase abdominal fat accumulation, and impair 
immune function [ 23 ]. It is clear that insulin resistance and diabetes brought on 
as a result of abdominal obesity, which may be the result of blunted sex hormones 
and hypercortisolemia, are particularly important cardiovascular risk factors in 
women [ 15 ]. 

 There is a growing body of literature on the infl uence of stress on telomeres. 
A telomere is a repetitive sequence of nucleotides at the end of a chromosome 
which protects the chromosome from deterioration. As telomeres shorten, impor-
tant genomic information is lost. Interestingly, one recent study demonstrated that 
there is a stress related shortening of telomeres in the cells of women taking care of 
chronically ill children and among women who were formerly abused [ 24 ,  25 ]. In 
contrast, exercise and meditation have been found to reduce stress, and some small 
studies have demonstrated that these two benefi cial activities actually prevent 
shortening of telomeres [ 26 ]. Shorter telomeres are associated with many age 
related diseases and predict an increased incidence and poorer prognosis for car-
diovascular disease. So called “resiliency factors” dampen the effects of stress on 
the heart. For example, regular exercise, consumption of fruits and vegetables, 
abstaining from alcohol and tobacco, signifi cantly decrease a woman’s risk of 
developing heart disease [ 27 ]. Waist circumference has also been shown to corre-
late with future cardiovascular events in women [ 28 ]. Multiple studies support evi-
dence that diets consisting mainly of fruits and vegetables offer signifi cant 
protection against coronary heart disease, reduce levels of circulating infl ammatory 
agents, and decrease insulin resistance [ 29 – 31 ]. Although behavior modifi cations 
are extremely effective, pharmacologic agents may also be used adjunctively to 
control co-morbidities associated with poor cardiovascular health, such as high 
blood pressure and diabetes. 

 Studies point to a link between acute psychological stress leading to acute MI 
and sudden cardiac death in certain susceptible individuals. Although gender dif-
ferences in this link are not clear, there are cardiovascular conditions that are 
almost exclusive to women. The most notable example of this is Takotsubo car-
diomyopathy. In this specifi c cardiomyopathy, sudden, unexpected emotional or 
physical stress causes a reversible cardiomyopathy with markedly elevated levels 
of plasma catecholamines [ 32 ]. The left ventricular chamber is predominantly 
affected with transient hypokinesis, akinesis, or dyskinesis of the apical and mid 
segments; regional wall motion abnormalities may extend beyond a single epicar-
dial vascular distribution in the absence of obstructive coronary disease or angio-
graphic evidence of acute plaque rupture. The prognosis of patients with 
Takotsubo cardiomyopathy is generally favorable and systolic function may 
recover with hemodynamic and pharmacologic support [ 33 ]. Takotsubo cardio-
myopathy occurs predominantly in postmenopausal, older women, which is in 
concordance with the fact that the great majority of women who have established 
heart disease are older [ 34 ].  
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    Depression and Anxiety 

 As stated already in this chapter, women encounter specifi c stressors and are vulner-
able to certain illnesses which ultimately contribute to their risk of cardiovascular 
disease. In particular, women are more likely than men to experience depression, 
anxiety, and abuse, which in turn, infl uences their heart health. Studies have shown 
that women are twice as likely to suffer from major depression during their lifetime 
as men [ 1 ]. In addition, this condition leads to many negative lifestyle choices, 
including sedentary behavior and smoking, as well as a failure to adhere to medical 
treatment. As a result, women with depression may have as much as a 50 % increased 
risk of experiencing adverse cardiac events [ 35 ]. 

 The immense responsibilities placed on women in our society often lead to excess 
stress which may trigger depression. Depressed mood and social isolation are associ-
ated with damaging health behaviors such as cigarette smoking, poor diet and lack of 
exercise which are well known risk factors for coronary heart disease (CHD). Also, 
studies have demonstrated that depression makes women less compliant in taking their 
cardiovascular medications [ 36 ]. It is important that all women with heart disease are 
evaluated for depressive symptoms so they can be referred for treatment if necessary 
[ 27 ]. Roughly one in every eight woman can expect to develop clinical depression 
during their lifetime [ 37 ], with several factors unique to women, including develop-
mental, reproductive, hormonal, genetic, and biological differences (e.g. premenstrual 
syndrome, childbirth, infertility and menopause) all contributing to its development. 
Approximately 10–15 % of all new mothers experience postpartum depression [ 38 ]. 
There is also a strong relationship between eating disorders (anorexia and bulimia 
nervosa) and depression in women. Research shows that one out of three people with 
the condition also suffer from some form of substance abuse or dependence [ 38 ]. 

 Unfortunately, depression in women is misdiagnosed approximately 30–50 % of 
the time and fewer than half of the women suffering from it actually seek care [ 39 ]. 
However, clinical depression is a treatable illness which can be managed success-
fully with medication, psychotherapy or a combination of both. According to a 
Mental Health America survey on public attitudes and beliefs about clinical depres-
sion: More than one-half of women believe it is “normal” for a woman to be 
depressed during menopause and that treatment is not necessary [ 38 ]. More than 
one-half of women believe it is a “normal part of aging” and that it is normal for a 
mother to feel depressed for at least 2 weeks after giving birth [ 38 ]. More than one- 
half of women cited denial as a barrier to treatment while 41 % of women surveyed 
cited embarrassment or shame as barriers to treatment. In general, over one-half of 
the women said they think they “know” more about depression than men do [ 38 ]. 

 Depression and the other unique psychosocial risk factors mentioned already in 
this chapter make women more prone to develop heart disease [ 40 ]. Both in cases 
with and without known cardiovascular disease, clinical evidence points to depres-
sion as a signifi cant and independent predictor of morbidity and mortality in such 
individuals. In fact, heart disease is the leading cause of death among American 
women [ 41 ]. It is also important to realize the outcomes of women with heart 
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disease are worse than in men. For example, women are more likely to die from a 
heart attack than men and 1-year mortality after a heart attack is greater in women 
[ 42 ]. The INTERHEART study was undertaken to determine risk factors for acute 
myocardial infarction stratifi ed by different populations. Specifi cally, it investigated 
the association of psychosocial risk factors with risk of acute myocardial infarction 
(MI) in 11,119 cases and 13,648 controls from 52 countries [ 4 ]. One of the most 
signifi cant fi ndings of the INTERHEART study was the correlation between stress 
and the risk of MI. Episodic stress in the workplace or at home increased MI risk by 
45 %, while sustained permanent stress increased risk by 117 % [ 4 ]. It also demon-
strated that smoking, high cholesterol, diabetes, obesity, diet, high blood pressure, 
physical inactivity, alcohol consumption, and psychosocial factors account for over 
90 % of the risk of heart attack [ 4 ]. Additional studies support the direct dose 
response between weight and high blood pressure, which is an important risk factor 
for cardiovascular disease [ 43 ]. It has been shown that by getting just moderate 
exercise, like walking daily, a woman can lower her risk of heart disease by 50 % 
[ 44 ,  45 ]. In addition, when designing treatment plans for women with established 
heart disease, some consideration must be taken into account of the different psy-
chosocial roles that they may be involved in, such as being caretakers of children, 
aging sick parents, and older ill spouses, in addition to their work responsibilities, 
and the sometime overlapping nature of these responsibilities [ 46 ]. 

 Often times, it is believed that health conditions that lead to an increased risk of 
heart disease are more prevalent among men. However, among Americans, the 
prevalence of diabetes is roughly the same in both men and women [ 47 ]. The same 
misconception may be said for elevated blood pressure, but according to national 
statistics, the same number of American women have hypertension as their male 
counterparts [ 48 ]. Among Americans over the age of 60, the percentage of women 
living in the United States with obesity is slightly greater than number of men who 
are obese [ 49 ]. Therefore, there are a great proportion of American women with 
serious co-morbidities such as high blood pressure, obesity, and diabetes which 
ultimately places them at a higher risk for sub-optimal heart health. 

 Although genetic factors play a large role in the state of health of an individual, 
there are many other controllable factors that women can modify to positively infl u-
ence their state of health. For example, women can adopt a holistic approach and 
address different parts of health – mind, body, and soul. One easily modifi able risk 
factor to reduce a woman’s chances of developing cardiovascular disease is ces-
sation of smoking. An article from the American Journal of Public Health which 
looked at trends in mortality in U.S. women demonstrated that mortality disparities 
widened in review of recent data, in part, because of causes of death for which smok-
ing is a major risk factor [ 50 ]. One of the major risk factors infl uencing death from 
heart disease is smoking. Therefore, by tirelessly encouraging smoking cessation, 
healthcare providers can hope to reduce the rates of cardiovascular disease among 
their female patients [ 27 ]. Adhering to a Mediterranean or low fat diet has also 
been shown to positively infl uence heart health [ 31 ,  51 ,  52 ]. Health interventions 
that target the common co-morbidities women have, such as high blood  pressure or 
obesity, should also be initiated for secondary prevention.  
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    Summary 

 The link between ischemic heart disease in women and psychosocial factors is gain-
ing more and more support as a result of accumulating clinical evidence. Research 
suggests there to be a strong link between psychosocial stress and all recognized 
mechanisms underlying cardiac events (clustering of traditional cardiovascular risk 
factors, endothelial dysfunction, myocardial ischemia, plaque rupture, thrombosis, 
and malignant arrhythmias). General acceptance of psychosocial stress as a nontra-
ditional risk factor is becoming more widespread [ 12 ]. Further, there is increasingly 
greater interest in targeting the evaluation and management of psychosocial stress 
in cardiac practice because psychosocial stressors have such an immense impact on 
cardiovascular health in women (Fig.  19.2 ).

   It is clear that women are not only affected by psychosocial factors such as 
depression, but that the typical contemporary woman who is balancing career and 
family responsibilities experiences a unique kind of stress that might be described 
as female role overload. It is especially important to utilize current evidence to both 
identify those women who are at increased risk of coronary heart disease (CHD) as 
a result of depression or stress (associated with multiple roles, including responsi-
bilities at work, home, caregiving responsibilities, lack of personal time, sleep 
deprivation, fatigue, etc.), and to create interventions that take these psychological 
factors into consideration in treatment options for both those with CHD and those at 
risk. It is important to keep in mind that adherence to treatment and prevention rec-
ommendations in women may be affected by these same female role overload 
factors. 

 We want to emphasize the importance of an early and a multidisciplinary 
approach to keep women healthy in order to prevent deleterious consequences in 
the future. It is of great importance for healthcare providers to identify which popu-
lations they should focus their attention on to promote cardiovascular health. For 
example, effort should be placed on identifying woman who are depressed [ 53 ]. We 

May trigger acute
cardiac events

Is a significant
CAD risk factor

Is a highly
prevalent in cardiac

practice

Commonly
masquerades as

cardiac symptomsIs linked
to behavioral &

cardiovascular risk
factors

Forms a barrier
to medical

interventions

PSYCHOSOCIAL
STRESS

  Fig. 19.2    Six reasons that 
promote interest in the 
evaluation and management 
of psychosocial stress in 
cardiac practice (Adapted 
with permission from 
Rozanski et al. [ 15 ], fi gure 7)       

 

19 The Impact of Stress, Depression, and Other Psychosocial Factors on Women’s



422

know that women are much more likely than men to suffer from depression and 
anxiety. We also know that women face a challenging set of both acute and chronic, 
negative and positive stressors over the span of their lifetime which ultimately 
shapes their heart health. Research has shown that at risk women over 45 years of 
age who are informed about their condition are more likely to be motivated to mod-
ify their cardiovascular risk factors [ 54 ]. Steps to ameliorate the effects of stress on 
a woman’s health should be taken by women and their healthcare providers for 
primary prevention. Integrative medicine and a holistic cardiac care approach in 
women must be employed. A recent study evaluating a holistic cardiac rehabilita-
tion program in reducing biopsychosocial risk factors among patients with coronary 
heart disease demonstrated a reduction in perceived stress, depression, and choles-
terol levels among patients cared for using a holistic approach [ 55 ]. In the future, it 
will be essential to focus on assisting women to increase their social support, address 
their spirituality, treat their depression, reduce the hostility they encounter at work, 
and boost their overall health status and life satisfaction. 

 Healthcare providers should have a heightened awareness of depression in 
women and try to recognize subclinical depression so that it can be treated appro-
priately. They should provide education and support to encourage cessation of 
smoking. Incentives to adopt healthier lifestyles including a dedicated exercise regi-
men, healthy diet, and mechanisms to alleviate stress should also be emphasized. 
There is an increased need for awareness of cardiovascular disease as a major public 
health issue for women [ 56 ,  57 ]. Further, emphasis should be placed on primary 
prevention of cardiovascular disease in women given the number of women it 
affects. The importance of behavioral factors has been included in the latest ESC 
guidelines for CVD prevention [ 58 ], but a more gender-specifi c approach for cardi-
ology patients will be needed in the education and training of healthcare providers.     
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           Introduction 

 Cardiovascular disease (CVD) claims almost as many women’s lives as the next 
fi ve diseases states in combination [ 1 ]. Furthermore, women who sustain a myocar-
dial infarction (MI) have higher morbidity and mortality compared with men. 
Typically the higher risk is within the fi rst 30 days of MI however some studies have 
shown the higher risk in women to be present for up to 1 year [ 2 ]. Due to the higher 
risk of morbidity and mortality it is imperative that clinicians treat women with 
effective and evidence based therapeutic regimens. Based on guidelines, patients 
with heart disease should be prescribed a myriad of medications from anti- 
hypertensives, lipid lowering medications, anticoagulants and/or anti-arrhythmics. 
Due to lack of therapeutic studies in special populations and or misunderstanding of 
the available data, women and elderly patients are less likely to receive these vital 
medications, even when coronary artery disease is documented or after myocardial 
infarction [ 3 ]. The limited therapeutic interventional studies performed in women 
have contributed to some of the confusion, but the studies available suggest that 
women benefi t as much or more than men in some instances. 

 The question remains whether or not these medications work similarly in both 
genders. 

 Published trials have revealed differences in effi cacy and adverse drug effects in 
a number of major cardiovascular medications. In general, women experience 
greater risk of adverse reactions to medications compared to men [ 4 ]. This has been 
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consistently been reported for ACE inhibitors, thrombolytic therapy, digoxin, and 
QT prolonging medications. 

 Knowledge of gender related physiological, pharmacokinetics, and pharmacody-
namics differences of the most important treatment modalities for coronary disease 
is critical and may have signifi cant impact on the clinical response and outcomes 
seen in women compared to men [ 5 ]. This chapter will review some of the biologi-
cal differences in pharmacokinetics and pharmacodynamics seen in women, specifi -
cally as it relates to some of the most common medications used to treat coronary 
disease.  

    Limitations in Assessing Differences in Drug Effect 

 Several factors need to be taken into account when analyzing differences in drug 
effects between men and women (Table  20.1 ). In general non-biological and bio-
logical factors account for the majority of the differences. A non-biological factor is 
the process of drug development which does not include diverse populations which 
are seen in every day practice. The drug development process typically begins with 
young male animal models of a well selected-genetic background which are kept in 
a pathogen free environment that precludes interaction of drug effects with an acti-
vated immune system. Furthermore, phase 1 and phase 2 trials include mostly 
young men preventing systemic development of adequate doses for the elderly and 
women in particular. Well described biological differences exist in pharmacokinet-
ics and pharmacodynamics between men and women that clearly impact the effi -
cacy and adverse effects of medications [ 6 ].

   When reviewing the existing literature, it is evident that women are under- 
represented in clinical trials as stated previously, the reasons for this are multifacto-
rial and beyond the scope of this discussion [ 7 ]. Recently, the National institutes of 
Health has committed to a strategic plan to ensure more women are enrolled in clini-
cal studies. The goals for women’s research for 2020 include “increasing sex 

   Table 20.1    Factors contributing to gender differences in drug effects [ 8 ]   

 Non-biological  Biological 

  Drug development process    Pharmacokinetics  
 Mainly done in young male animals of 

well selected genetic background 
 Body composition 
 Weight 

 Reductionist approach  Absorption 
 Clinical phase 1 and 2 trials mainly 

include young men 
 Drug distribution 
 Metabolic enzymes 
 Routes of excretion 
  Pharmacodynamics  
 Gender differences in: 
  Blood fl ow to different organs 
  Ion channel composition in different organs 
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difference research in basic science studies” as well as “incorporating fi ndings of 
sex/gender differences in the design and application of new technologies, medical 
devices, and therapeutic drugs (Table  20.2 )” [ 8 ]. With the completion of these goals, 
we hope to gain more knowledge regarding adequate dosing and effi cacy of major 
therapeutic interventions.

   A number of physiologic differences exist between men and women that in part 
explain differences in drug effect. Gender differences have been found in regard to 
blood fl ow to different organ systems in human and animal models. Males have 
been shown to have more blood fl ow to the kidneys and muscle tissue whereas 
women have more blood fl ow distributed to adipose tissue and liver. In regards to 
the heart women have been shown to have a 5 % of blood fl ow distribution versus 
4 % for men but this difference accentuates with pregnancy [ 9 ]. Women also have 
been noted to have higher heart rates at rest, shorter sinus recovery time and longer 
corrected QT intervals compared with men [ 5 ]. Differences in gender hormones 
may explain some of these fi ndings, but the precise mechanism is not well 
understood. 

 These physiological differences between men and women can affect how a med-
ication is absorbed, metabolized and ultimately excreted from the body which 
describes the processes of pharmacokinetics and pharmacodynamics that will be 
review below. 

    Pharmacokinetics in Women 

 Pharmacokinetics describes what happens to a drug after it has been administered. 
This includes drug absorption, distribution and elimination or excretion [ 10 ,  11 ]. 
The goal of any therapeutic agent is to enhance effi cacy and minimize toxicity 

   Table 20.2    Women Health 2020 goals [ 8 ]   

 Offi ce of Research on Women’s Health 2020 goals 
 National Institutes of Health 
 U.S. Department of Health & Human Services: 
  Increase sex differences research in basic science studies 
  Incorporate fi ndings of sex/gender differences in the design and application of new technolo-

gies, medical devices, and therapeutic drugs 
  Actualize personalized prevention, diagnostics, and therapeutics for girls and women 
  Create strategic alliances and partnerships to maximize the domestic and global impact of 

Women’s Health Research 
  Develop and implement new communication and social networking technologies to increase 

understanding and appreciation of Women’s Health and Wellness Research 
  Employ innovative strategies to build a well-trained, diverse, and vigorous Women’s Health 

Research Workforce 

   Physiologic gender differences : Adapted from:   http://orwh.od.nih.gov/research/strategicplan/
index.asp      
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[ 10 ,  11 ]. Therefore pharmacokinetics allows us to safely manage medications by 
predicting the concentrations in the body and maintaining appropriate therapeutic 
effi cacy. 

 In order for a medication to reach its site of action, the medication needs to be 
absorbed. Medication absorption is affected by many different factors including 
route. Differences in drug route could play a role in the amount of drug that is 
allowed into the body and the length of time in which a drug takes to reach its 
desired target organ or receptor. The oral route is much slower compared to other 
routes such as intravenous or sublingual. For example, consider the use of nitro-
glycerin for a patient that is experiencing angina. At the fi rst sign of chest pain 
sublingual nitroglycerin may be given to ensure continued and appropriate blood 
fl ow to the heart. By applying the medication under the tongue rather than digesting 
the tablet orally we allow for quicker response of nitric oxide release therefore 
faster onset of action and greater effi cacy. Oral nitrate tablets have shown much 
slower time to effect. 

 Absorption times can be affected by other factors other than route. When com-
paring absorption rates, women have longer gastrointestinal transit times compared 
with men, approximately 91.7 h in women and 44.8 h in men and therefore bioavail-
ability of a medication may be greater in women [ 12 – 14 ]. Women also appear to 
have less gastric acidity therefore absorption of certain medications may be altered. 
Due to the difference in acidity, there will be decrease absorption for weak acids and 
increase absorption for weak bases in women [ 15 ]. Additionally, women have a 
smaller body surface and less cardiac output compared to men which may decrease 
absorption of some medications as well [ 15 ]. Once a medication is absorbed, it 
needs to travel to its site of action. The concept of a medication getting to its site of 
action is volume of distribution. Factors that affect volume of distribution are pro-
tein binding, molecular size of medications, and whether a medication is lipophilic 
or hydrophilic. In general, no differences have been found between men and women 
in regards to protein binding [ 15 ]. However it has been shown that volume of distri-
bution is decreased in women compare to men. This decrease is thought to be sec-
ondary to women having lower total body water, lower intra- and extracellular water, 
and lower total blood volume. Therefore there will be higher concentrations of water 
soluble medications in females and potentially an increase in a woman’s clinical 
response to a water soluble medication [ 15 ,  16 ]. An example of this is atenolol 
which has been shown to have better blood pressure lowering effects compared to 
men secondary to the lower volume of distribution [ 10 ]. Furthermore, women have 
a higher percentage of body fat in relationship to total body weight compared to men 
[ 17 ]. In general, body weight increases from young adulthood to the age of 60. After 
60, the overall body size decreases and fat in women increases [ 18 ]. Therefore, lipid 
soluble medications, such as benzodiazepines, could distribute to more areas of the 
body and thereby increasing the effect of the medication in women [ 12 ,  16 ]. 

 After a medication is distributed it is metabolized to allow it to exert its effect. 
The main site of metabolism is the liver via the cytochrome 450 systems; however 
other sites of metabolism include the lungs, kidneys, skin, and gastrointestinal tract 
[ 13 ]. There is confl icting information about gender differences in drug metabolism. 
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Even though there is large variation in metabolism of medications, most gender 
related differences appear to be eliminated by controlling for height, weight, surface 
area, and body composition [ 13 ]. One study by Bebia et al. indicates that the CYP1A 
system showed decrease clearance of up to 10–20 % in women compared to men. 
However, another study showed no difference in clearance [ 5 ]. Given the confl icting 
fi ndings, it is postulated that other environmental factors may explain the difference 
seen in this system. Factors such as diet, smoking, and alcohol use indeed seem to 
play a role. Furthermore, no consistent gender-related difference in clearance in 
regards to CYP2C pathway has been shown. The CYP2D6 system has been shown 
to manifest slower clearance in women compared to men and therefore it has been 
suggested that the dose of medications that are metabolized through this pathway 
may need to be reduced by 10–20 %. The CYP3A system was shown by Wolbold 
et al. to have 15–35 % faster clearance in women suggesting that medications 
metabolized by this enzyme such as verapamil, nifedipine, and amlodipine may 
need higher dosing [ 5 ,  13 ,  14 ,  18 ]. Table  20.3  summarizes these fi ndings.

   Once the medication has been used by the body, it needs to be removed. Excretion 
is fi nal route by which drug metabolites are removed from the body and is primarily 
handled by the kidneys [ 13 ]. The primary technique by which excretion is measured 
is called clearance. Clearance is defi ned as a hypothetical volume of distribution of 
the unmetabolized drug which is cleared per unit of time (ml/min or ml/h) by any 
pathway of drug removal (renal, hepatic (or) other pathway of elimination) [ 19 ]. 
It has well been established that renal clearance decreases with age. Similarly, sev-
eral drug trials have shown that women have lower clearance at all ages compared 
to men [ 13 ]. Werner and colleagues also demonstrated that women have less elimi-
nation of certain loop diuretics, torsemide specifi cally, thus leading to higher 
adverse reactions (ADRs) in women compared to men [ 20 ]. For example in a 
German Pharmacovigilance Project, 66 % of hospitalizations due to torasemide 
ADRs occurred in women [ 20 ]. It is thus critically important to consider women’s 
decreased renal clearance when prescribing medications that are primarily elimi-
nated by the kidney, especially if a toxic metabolite is formed when the medication 
is metabolized.  

   Table 20.3    Pathway/rate of metabolism (not all inclusive) from: (1) Jochmann et al. [ 5 ]. (2) 
Soldin et al. [ 13 ]. (3) Stephen et al. [ 14 ] (4) Schwartz [ 18 ]   

 CYP1A2  CYP2C9  CYP2C19  CYP2D6  CYP3A4 

  M  >  F /M = F  M = F  M = F  M > F  M < F 
  Clomipramine   Ibuprofen  Diazepam  Codeine  Alprazolam 
  Acetaminophen   Warfarin  Omeprazole  Flecainide  Atorvastatin 
  Clozapine   Fluvastatin  Citalopram  Fluoxetine  Diltiazem 
  Olanzapine   Glipizide  Irbesartan  Metoprolol  Lovastatin 
  Theophylline   Losartan  Celecoxib  Mexiletine  Quinidine 
 Clopidogrel  Phenytoin  Propranolol  Verapamil 
 Propranolol  Torsemide  Haloperidol  Simvastatin 

 Amiodarone 
 Amlodipine 
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    Pharmacokinetic Changes During Pregnancy 

 Pharmacokinetic studies have shown metabolism of medications via the cytochrome 
P450 system are altered during pregnancy as summarized in Table  20.4  [ 21 ]. As 
pregnancy progresses, metabolism progressively decreases through the 1A2 path-
way. In the third trimester 1A2 and 2C19 activity decreases, 60 and 50 % respec-
tively. However 2A6 increases 54 %, 2A9 increases 20 %, 2D6 increase 50 %, and 
3A4 increases 50–100 %. In addition renal metabolism increases 20–65 % in each 
trimester [ 21 ].

   A review by Anderson and Carr in the late 1980s and early 1990s estimated that 
approximately 12 % of women had hypertension during pregnancy [ 21 ]. It is 
expected that this number has increased signifi cantly and therefore the amount of 
medications used to treat hypertension has also increased. The primary medication 
used to treat hypertension is methyldopa due to its decreased risk on the fetus (preg-
nancy category B) [ 22 ]. Other treatments which are used less frequency are cloni-
dine, hydralazine, beta blockers and calcium channel blockers [ 17 ]. Since atenolol, 
furosemide and methyldopa are greater than 90, 60–90 and 50 % renally eliminated 
respectively, we would anticipate that there would be less effect on blood pressure 
with higher renal clearance as the pregnancy progresses. Nevertheless given 
decreased fetal risk, methyldopa is favored for BP control during pregnancy. 
Furthermore, diltiazem and nifedipine are mainly metabolized by CYP 3A4 and 
metoprolol is mainly metabolized by 2D6, therefore these medications may have 
less effect of blood pressure during the third trimester since the 3A4 and 2D6 
 pathways have increased activity during the third trimester [ 21 ].  

    Role of Genetic Polymorphism 

 Genetic Polymorphism may modify drug response. In the cardiovascular fi eld, this 
has been associated with the metabolism of beta blockers and calcium channel 
blockers and response to ACE inhibitors. Some cardiovascular phenotypes are 

   Table 20.4    Metabolism during pregnancy   

 Metabolism  First trimester  Second trimester  Third trimester 

 CYP 1A2  Dec 33 %  Dec 50 %  Dec 60 % 
 CYP 2A6  –  Inc 54 %  Inc 54 % 
 CYP 2A9  No change  No change  Inc 20 % 
 CYP 2C19  –  Dec 50 %  Dec 50 % 
 CYP 2D6  –  –  Inc 50 % 
 CYP 3A4  –  –  Inc 50 – 100 % 
 Renal  Inc 20–65 %  Inc 20–65 %  Inc 20–65 % 

  Adapted from: Anderson and Carr [ 21 ]  
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associated with autosomal gene polymorphisms that have been shown to manifest 
gender differences in drug response [ 23 ]. Examples of these are shown in Table  20.5 . 
Genes located in the X chromosome are also good candidates to account for some 
gender differences. Carrel and Willard among others have extensively studied how 
mutations in these genes or functionally related polymorphisms might be better 
compensated in women [ 24 ]. For example genes for Angiotensin Converting 
Enzyme −2 (ACE-2) and angiotensin II receptor (ATR2) are located in the X chro-
mosome [ 25 ]. The AT2R has been shown to modulate left ventricular hypertrophy 
in women with HCM independently of the circulating RAS but this has not been 
shown in men. Studies have suggested that LV mass in women is in part regulated 
by number of specifi c alleles of the AT2R gene [ 26 ]. In Transgenic mice models a 
more severe cardiovascular phenotype was seen in male rather than female animals 
and this correlated to earlier development of and faster progression to heart failure 
[ 27 ]. Interestingly, a variety of factors and complex interactions ranging from diet, 
sex hormonal infl uences, removal of ovaries and administration of exogenous estro-
gen, or age, seem to change gene expression adding to the complexity of the path-
ways that lead to gender differences in drug responses [ 28 ].

       Role of Sex Hormones 

 Estrogens and progestins interacts with a large number of cardiovascular drugs pos-
sibly by inhibiting CYP enzymes or increasing drug glucuronidation [ 5 ]. Menstrual 
cycle, pregnancy, and menopause can modify this interaction due to variation of 
levels of estrogen and other hormones, alterations in total body water due to renal 
plasma fl ow variations and changes in glomerular fi ltration during these specifi c 
periods for women. For example, it has been reported that menstruation, pregnancy 
and, ovariectomy can modulate CYP2D6 activity [ 29 ]. The clinical relevance of 
these changes is not clear. Interactions with exogenous hormone therapy such as 
hormone replacement therapy (HRT) and oral contraceptives must also be taken 
into account. Estrogens seem to interfere with the synthesis of Angiotensinogen in 
the liver and also with the expression of Angiotensin I receptor (ATR-1) in the myo-
cardium [ 30 ]. On the other hand estrogens appear to increase the expression of 
AT2R in the myocardium. In the cardiovascular system, progesterones appear to 
have a partially synergistic and/ or antagonistic relationship with estrogens [ 31 ]. 
In some animal models (ovariectomized rabbits), progesterone was seen to exert a 

    Table 20.5    Gender differences in drug effects of some common medications (not inclusive)   

 Adverse effects  Trend towards benefi t 
 Require dose 
adaptation 

 Digoxin (^ mortality) in women 
with heart failure 

 Calcium 
channel blockers – amlodipine 

 BB – metoprolol 

 QT prolonging drugs (^ Torsades)  Ramipril  CCB – verapamil 
 ACE I (^ cough)  Eplerenone 

20 Pharmacotherapy Considerations in Cardiovascular Disease in Women



434

direct inhibitory effect on the atheroprotective action of estrogen [ 31 ], while in 
other models (ischemic rats) progesterone has been shown to have cardioprotective 
effects but only in female ischemic rats. These fi ndings suggest complex interac-
tions with endogenous estrogen. 

 Gender differences in drug metabolism can in part be explained by the dismor-
phic expression of CYP450 and other liver-expressed genes (females predominantly 
express CYP3A4). This expression is in part regulated by GH (Growth Hormone) 
release by the pituitary gland which shows signifi cant gender difference in its pat-
tern of release [ 32 ]  

    Pharmacodynamics in Women 

 Pharmacodynamics describes the principle of drug action and its resulting effect at 
its target site, i.e. receptor or membrane [ 10 ]. This concept is often used to examine 
overall maximum effect of a drug and/or the sensitivity of the target area to the drug 
concentration [ 11 ]. Current literature regarding differences of pharmacodynamics 
between men and women is limited. Most pharmacodynamic data deals primarily 
with the elderly. Despite the lack of pharmacodynamic studies in women we can 
hypothesize that there may be differences in drug response due to gender by evalu-
ating adverse drug reports. 

 Currently, the Food and Drug Administration (FDA) holds a database in which 
patients and providers can voluntarily document adverse events. The reporting 
system is known as FAERS (FDA Adverse Event Reporting System) which allows 
the FDA to monitor medication and report post-marketing data to the public [ 33 ]. 
A study by Moore et al. examined adverse event data from FAERS between 1998 
and 2005. In their analysis they found that more women had adverse events 
(55.5 %) compared to men (45.5 %) and the adverse effects were more serious in 
women [ 15 ]. When age was closely examined patients between 45 and 64 years 
old had 33.7 % of the events which accounted for 22.2 % of the total population. 
Individuals that were greater than or equal to 65 years old were found to have 
33.6 % of the adverse events but only accounted for 12.6 % of the total population. 
Of the cardiovascular drugs that totaled 500, more adverse events in any year were 
reported in women. HMG-CoA reductase inhibitors (statins) were associated with 
the most issues. Cerivastatin, which was later withdrawn from the market, was 
found to have 1,573 events [ 34 ]. Furthermore, out of 10 medications that were 
withdrawn from market during 1997 and 2000, 8 were withdrawn secondary to 
greater adverse effects in women [ 15 ]. In general women have a 1.5- to 1.7-fold 
greater risk of developing an adverse drug reaction. The reasons for this increased 
risk are not entirely clear but include gender-related differences in pharmacokinet-
ics already discussed, immunological and hormonal factors as well as differences 
in the use of medications by women compared with men, polypharmacy and 
increasing age.   
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    Gender Differences Within Specifi c Medication 
Classes and Medications 

    Beta Blockers 

 Gender-specifi c differences in the pharmacokinetics of beta-blockers lead to greater 
drug exposure in women [ 35 ]. The pharmacokinetics differences can be due to 
lower volume of distribution and slower clearance. Furthermore, pharmacodynamic 
differences may be secondary to estrogen defi ciency in older women which can 
modulate the up regulation of beta receptors therefore more receptors to exert its 
effect [ 5 ]. Hormone supplementation with estrogens and progestins can prevent 
such upregulation [ 36 ]. Since sex hormones can modulate the regulation of beta 
adrenergic receptors in the heart and vessels, gender specifi c differences in the phar-
macodynamics of beta receptor blockers are to be expected [ 5 ]. Gender differences 
have been described for response to cardio selective and non-selective beta block-
ers. Men have greater clearance of both selective and non-selective beta blockers 
leading to faster clearance of these drugs compared to women [ 35 ]. Higher beta- 
blocker plasma levels in women translates into a more pronounced decrease in heart 
rate and systolic blood pressure than men [ 35 ]. 

 Women have been a minority in heart failure clinical trials testing beta-blockers, 
representing 20–30 % in the fi rst major trials [ 37 ]. Two major trials, the MERIT 
Heart Failure study and the COPERNICUS trial, failed to fi nd a benefi cial effect on 
mortality in women [ 38 ,  39 ]. In a detailed gender-specifi c  post-hoc  analysis for the 
CIBIS II study, women profi ted signifi cantly from treatment with bisoprolol which 
had a greater unadjusted effect on all-cause mortality in women than in men [ 40 ]. 
Pooling of mortality results from MERIT Heart Failure, CIBIS II and COPERNICUS 
showed survival benefi ts in both women and men [ 41 ] (Fig.  20.1 ). The lack of evi-
dence in some large beta-blocker studies is therefore probably due to the under 
representation of women in these trials.

   Findings of beta-blocker therapy in secondary prevention after myocardial 
infarction have revealed confl icting fi ndings with respect to gender specifi c differ-
ences. However, most of these studies have not included suffi cient number of 
women to enable defi nitive conclusions [ 42 ]. A meta-analysis of more than 5,000 
patients (1,121 women) investigating effect of metoprolol post myocardial infarc-
tion showed that reduction of cardiovascular death was comparable in women and 
men [ 43 ]. Similarly, the ISIS-I and ISIS-II trials demonstrated that improved sur-
vival in women receiving beta blockers and aspirin was comparable to that in men 
[ 44 ,  45 ]. 

 In summary, beta blockers are effective for women in ischemic heart disease and 
heart failure, though data is not as extensive and as solid as it is for men. Caution 
should be exercised in dosing beta-blockers in women as they tend to be poor 
metabolizers leading to higher plasma concentration of these drugs compared to 
men.  
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    ACE Inhibitors and ARBs 

 The Renin-Angiotensin System (RAS) is a key regulator of blood pressure 
Endogenous RAS activity differs between men and women [ 46 ]. Gender differences 
may also be seen with medications that work against the RAS. Estrogens increase 
angiotensin II (Ang II) plasma levels, leading to a decrease of angiotensin convert-
ing enzyme (ACE) and renin activity via negative feedback. Therefore estrogens net 
effect is to decrease the activity of the RAS, leading to less effect when using angio-
tensin converting enzyme inhibitors (ACE-I) or angiotensin receptor blockers 
(ARB) [ 46 ]. Subsequently, premenopausal women show lower ACE activity than 
post-menopausal women but this difference is abolished in woman taking exoge-
nous estrogen [ 47 ]. 

 ACE-I (and more recently ARBs) have been part of evidence-based therapy for 
heart failure and hypertension for decades. Several multicenter studies, e.g. 
CONSENSUS I, SAVE, and SOLVD, have shown a much smaller mortality reduc-
tion in women compared to men. However it is now recognized that these fi ndings 
were likely due to the small percentage of women included in those trials [ 48 ]. Later 
trials, including a meta-analysis of more than 7,000 patients in 1995, have shown 
comparable benefi ts in women and men [ 49 ]. However, on the basis of the small 
proportion of women included in ACE-I studies, data for women are less advanta-
geous than for men and the question of less benefi t from this therapy based on 
gender remains unanswered. Although animal models have shown gender differ-
ences in response to Ang II even during endogenous blockade of the ACE system, 
this has not been consistently seen in human studies [ 47 ]. 
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 Relevant gender-specifi c pharmacokinetic differences have not been described 
for ACE-I captopril or lisinopril, however, higher plasma levels have been seen to 
occur in women than in men with fi xed doses of ramipril [ 50 ,  51 ]. Furthermore, 
there have not been any clinical differences in the effects of ACEI and ARBs 
between women and men despite higher concentrations in women. In regards to 
adverse effects, there is a 1.5 to 2 fold higher chance women will experience a 
cough when compared to men, however there is no difference in the incidence of 
angioedema or urticarial between the two [ 51 ]. Genetic polymorphisms in the bra-
dykinin receptors seem to be associated with ACE-I induced cough [ 52 ]. 

 Although clinical data has not shown major gender differences concerning the 
effects of angiotensin receptor blockers (ARBs), experimental data suggest sex- 
specifi c differences in response to RAS activation. Ang II, the main effector of 
RAS, acts via two main receptors, with AT1-R causing primarily vasoconstriction 
and with AT2-R causing vasodilation [ 53 ,  54 ]. In the rat model, Sampson and col-
leagues demonstrated that chronic AT2-R blockade caused a greater hypotensive 
effect in female compared to male rats [ 55 ]. Similarly, other investigators hypothe-
sized that female sex shifts balance of RAS towards primarily vasodilation through 
observations of decreased expression of AT1-R and up-regulation of AT2-R expres-
sion with estrogens as well as increased expression of AT1-R in ovariectomized 
rodents [ 56 ]. This enhanced vasodilator pathway of the RAS may be one mecha-
nism for the apparent cardiovascular protection seen in premenopausal females. 
Major clinical trials have investigated the effects of AT1-R blockers in hyperten-
sion, heart failure, and after myocardial infarction, and a clear therapeutic role 
against cardiovascular disease has been seen. These studies did not determine gen-
der specifi c differences but with the exception of LIFE (Losartan Intervention for 
Endpoint Reduction in Hypertension), which enrolled 54 % women, have included 
signifi cantly fewer women than men [ 57 – 59 ]. No gender differences in benefi ts or 
adverse reactions has been noted with ARBs. 

 In summary, ACE-I and ARBs are effective in the treatment of hypertension, 
ischemic heart disease and heart failure. Though data is not as robust as seen in men, 
especially for heart failure with systolic dysfunction, pooled analysis does suggest 
a benefi t. Women do have a higher adverse profi le when it comes to ACE-I associ-
ated cough and this should be kept in mind.  

    Aldosterone Antagonists 

 Aldosterone represents another important component of the RAS and a prime thera-
peutic target. 

 Aldosterone is a potent vasoconstrictor and its antagonism at its receptor site has 
proven benefi cial in the management of severe systolic heart failure. There have not 
been any gender specifi c studies between men and women in regards to aldosterone 
antagonists [ 5 ]. Clinical studies have not demonstrated gender-specifi c differences 
in neither RALES (Randomized Aldactone Evaluation Study) nor EPHESUS 
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(Eplerenone Post-Acute Myocardial Infarction Heart Failure Effi cacy and Survival 
Study) trials though the latter showed a trend towards a greater benefi t for women 
treated with eplerenone for all-cause mortality compared with men at 30 days. 
These results were not further assessed at 4 months. In both studies the enrollment 
of women was shy of 30 % [ 60 ,  61 ].  

    Digoxin 

 Digoxin is an example of a medication where careful consideration of pharmacoki-
netic properties is needed prior to prescribing the medication [ 7 ]. Digoxin is used to 
help treat symptoms associated with heart failure and help control heart rate in 
patients with atrial fi brillation. Digoxin works by inhibiting sodium-potassium 
pumps leading to increase in intracellular calcium and ultimately improving myo-
cardial muscle contraction [ 9 ]. In 1997, the Digitalis Investigation Group (DIG) 
reported the results of a randomized trial evaluating the effi cacy of digoxin therapy 
for patients with heart failure [ 62 ]. Although no mortality benefi t was seen with 
digoxin therapy in this landmark trial, digoxin did decrease risk of hospitalization 
for heart failure. Thereafter, several national and international guidelines strongly 
endorsed the use of digoxin for these patients. 

 However in a post hoc subgroup analysis, digoxin was associated with a signifi -
cantly higher risk of death among women taking digoxin compared with those tak-
ing placebo, an effect that was not observed in men [ 63 ]. Potential explanations for 
the unexpected results included dose-related effects, as well as an interaction with 
hormone replacement therapy [ 64 ]. Despite lower administered digoxin doses, 
women demonstrated higher serum levels than did men suggesting gender specifi c 
differences in cellular sodium and calcium handling that could explain the different 
effects of glycosides in women and men. Greater toxicity in women has been shown 
to be in part due to lower sodium concentrations and fewer Na-K ATPase pumps 
which allows for greater concentrations in women. Some studies have demonstrated 
lower Na+ concentrations and fewer Na-K ATPase pumps in erythrocytes, skeletal 
muscle and potentially in cardiomyocytes [ 65 ]. Additional retrospective analysis of 
the DIG trial revealed the signifi cant importance of digitalis levels for both genders 
as higher serum digoxin concentrations were associated with increased crude all-
cause mortality in men as well, whereas lower levels were associated with a better 
prognosis [ 66 ]. In the absence of defi nitive evidence, doses should now be used that 
lead to plasma levels below 0.8 ng/ml. 

 Although digoxin has fallen out of favor due to the DIG trial fi ndings, it is still 
being used and recommended in several national and international cardiovascular 
guidelines. Due to its narrow therapeutic window, appropriate monitoring is 
essential to prevent toxicity (Table  20.5 ). It is important to mention that obtaining 
a blood level of digoxin only estimates the amount of digoxin at the receptors in 
the cardiac tissues where the drug produces its effect [ 10 ]. These data reinforce 
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the possibilities of gender-related effects and underscore the need to perform gen-
der-specifi c analysis and to include suffi cient numbers of women in clinical 
trials. 

 In summary, the effect of digoxin therapy differs between men and women. 
Digoxin therapy is associated with an increased risk of death among women with 
heart failure and depressed left ventricular systolic function at relatively lower lev-
els when compared to men (and in men at increasing doses). In absence of defi nite 
evidence, plasma levels should be monitored to be kept below 0.8 ng/ml if this 
medication is used.  

    Calcium Channel Blockers 

 Gender specifi c differences in pharmacokinetics have been described for some cal-
cium channel blockers [ 67 – 69 ]. Differences in hepatic metabolism and gut absorp-
tion account for most of the differences seen with verapamil – a non-dihydropyridine 
[ 70 ]. Gender differences in the CYP3A and or the P-glycoprotein (P-gp) in the gut 
and liver lead to a lower concentration and higher clearance of verapamil in women 
compared to men [ 70 ,  71 ]. Differences have been seen in terms of route of admin-
istration as well. Women demonstrate a faster clearance of intravenous verapamil 
[ 68 ]. In women, slower clearance was observed after a single initial oral dose but 
faster clearance after steady state was achieved relative to men [ 68 ]. Verapamil 
clearance is also decreased in elderly woman showing greater effect on blood pres-
sure and heart rate since higher concentrations are present [ 72 ]. 

 Amlodipine, a long acting dihydropyridine calcium channel blocker, has been 
extensively studied in the CV literature. In contrast to verapamil, it has high bio-
availability, is metabolized by several CYP pathways, not considered a P-gp sub-
strate, and has low rates of fi rst pass hepatic metabolism [ 73 ]. Some investigators 
have shown a more potent diastolic blood pressure reduction effect in women rela-
tive to men with amlodipine, however this has not been consistently shown in the 
literature [ 73 ]. Similarly, these investigators have reported a higher incidence of 
edema in women which has been confi rmed in other studies [ 73 ,  74 ]. 

 It has not been determined whether the pharmacokinetic differences among cal-
cium channel blockers have relevant clinical impact. The major hypertension trials 
with calcium channel blockers have included comparable number of women partici-
pants and in many cases more. These have not revealed evidence for gender-specifi c 
differences in outcomes. 

 In summary, CCBs are effective medications in the treatment of HTN where 
most of the gender specifi c data comes from. Verapamil and nifedipine are metabo-
lized faster in women leading to lower concentrations except in elderly women 
where adjusted dosing may be needed to avoid supratherapeutic ranges. Women are 
more susceptible to lower extremity edema with amlodipine than men. No differ-
ence in gender-specifi c outcomes has been revealed.  
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    Aspirin 

 Gender-specifi c differences in pharmacokinetics of aspirin have been known for 
decades. Slower clearance and greater bioavailability of aspirin in women, in turn 
with signifi cant prolongation of half-life is well known [ 75 ]. However, this differ-
ence is not signifi cant in women taken oral contraceptives since metabolism is faster 
under hormonal infl uences [ 76 ]. Some in vitro observations relative to effects of 
aspirin on thrombocyte aggregation and testosterone and estradiol infl uences on 
aspirin-induced inhibition of platelet aggregation have questionable clinical 
relevance. 

 For secondary prevention, benefi ts of aspirin for men and women are well docu-
mented with reductions of myocardial infarction, stroke, and CV death by 25 % in 
both genders [ 77 ]. Similarly, aspirin’s value in acute myocardial infarction therapy 
is also well established for both genders [ 44 ]. 

 For primary prevention, the benefi t is less clear in women. The Women’s Health 
Study showed that aspirin reduced the risk of stroke by about 24 % and did not infl u-
ence their risk of MI or mortality. In the subgroup of older women (>65 years), 
aspirin was effective in the primary prevention of CV events and mostly driven by 
stroke benefi t [ 78 ]. These fi ndings suggest gender related differences that may go 
beyond pharmacokinetics but that remains unclear. For a more in depth analysis of 
gender related differences in aspirin and platelet biology please refer to the anti-
thrombotic issues chapter in women in this text.  

    Anti-arrhythmics 

 Gender specifi c differences in myocardial repolarization have been known for some 
time [ 79 ]. 

 Several explanations have been proposed but no defi nite mechanism has been 
elucidated. The role of sex steroids is supported by the fact that in childhood QT 
time is of equal length in both genders and it appears to shorten in young men 
with elevated androgen levels. Similarly the incidence of acquired long QT syn-
drome is higher in women than in men [ 80 ]. A number of medications including 
anti- arrhythmics, psychotropic drugs, antifungals and some antibiotics can 
induce this syndrome (see Fig.  20.2 ). Class I and III anti-arrhythmics potentially 
associated with prolongation of QT interval, more often lead to  torsades de 
pointes  tachycardia in women [ 81 ]. Another potential explanation for this phe-
nomenon includes hormonal infl uences, smaller volumes of distribution which 
results in greater concentrations and ion channel modifi cations leading to more 
side effects and higher risk of pro-arrhythmias in women compared with men 
[ 81 ,  82 ].
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       Statins 

 Only slight gender specifi c differences in statins pharmacokinetics is appreciated. 
Mostly all statins (with exception of pravastatin and rosuvastatin – CYP indepen-
dent) are metabolized by CYP 3A4 (CYP2C9 for fl uvastatin) therefore drug interac-
tions with substances also metabolized via CYP3A4 have to be considered [ 83 – 85 ]. 
In general, plasma concentrations of statins appear to be higher in women however 
these are considered to be non-signifi cant as no major dose adjustment has been 
recommended. Nonetheless, when it comes to adverse drug reactions, women 
(especially older and thin) appear to have more side effects [ 34 ]. This may be sec-
ondary to pharmacodynamics differences and needs to be taken into consideration. 

 Studies with statins have revealed a similar reduction in cardiovascular events for 
women and men in major primary and secondary prevention trials (4S, CARE, 
TNT, PROVE IT). Though the percentage of women in these studies was about 
25 % on average, a major meta-analysis showed comparable benefi ts (Fig.  20.3 ) 
[ 86 ]. Despite benefi cial effects seen in both primary and secondary prevention of 
CVD for both genders, statins continue to be underutilized in women compared to 
in men

       Diuretics 

 Many sources of evidence have shown that women experience more frequently 
adverse drug reactions associated with diuretics. These are not fully explained by 
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prescription habits with a known tendency of providers to prescribe diuretics to 
women for edema. Animal studies support the notion that gender-specifi c differ-
ences of adverse and therapeutic effects of diuretics may exist. Werner et al. studied 
the impact of genetic polymorphism in the pharmacokinetics of torsemide and iden-
tifi ed gender as a potential explanation for the increase in adverse side effects seen 
in women [ 20 ]. 

 Very limited data regarding gender-specifi c differences is available for thiazide 
diuretics. In several animal models, all diuretics appear to cause a more effective 
diuresis, natriuresis, and kaliuresis in females rather than male animals (rats espe-
cially) [ 87 ]. Similarly, adverse effects like hyponatremia and hypokalemia occur 
more frequently in women than in men taking diuretics and both of these electrolyte 
disturbances can potentially cause severe arrhythmias. Though this suspicion has 
not been confi rmed in clinical trials, this potential danger needs to be considered 
when prescribing diuretics for women, especially in those with concomitant therapy 
that may lead to further alterations (digoxin, QT prolonging drugs, etc.).   

    Summary 

 Gender specifi c differences exist between men and women in terms of pharmacoki-
netics and pharmacodynamics for many important cardiovascular drugs though 
clinical consequences in the majority of cases are not that dissimilar. Pharmacokinetic 
differences for women include higher concentrations of medication due to lower 
body weight, smaller volumes of distribution, larger free fractions of medication 
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being available to exert its effect, and decreased clearance. Secondly, pharmacody-
namic differences such as number of receptors and greater affi nities of receptors 
have been shown to increase sensitivity. In part due to these differences, women 
have been shown to experience more adverse drug reactions. Other infl uencing fac-
tors, from complex ones such as genetic polymorphisms to hormonal infl uences at 
cellular and receptor levels, to more simple ones such as patient compliance and 
inappropriate dosing of a medication also may contribute to adverse reactions in a 
female patient. 

 Despite some of the differences seen in pharmacokinetics and pharmacodynam-
ics for some CV drugs, gender-specifi c analyses is still lacking for many drugs in 
this class. Similarly despite some pertinent pharmacokinetic gender observations, 
women continue to be underrepresented in drug clinical trials so we have not yet 
been able to thoroughly study the impact of these differences in clinical outcomes. 
Most current treatment guidelines do not differentiate between treatment for men 
and women with conditions such as myocardial infarction, heart failure, hyperten-
sion and in general, cardiovascular disease as the primary and secondary prognostic 
signifi cance of these cardiovascular therapeutic strategies show only slight differ-
ences between the genders in data available to date. Despite current guidelines, 
women continue to be under treated when it comes to CV preventive therapeutic 
strategies. 

 Further gender specifi c research needs to be conducted to better determine 
 differences in pharmacokinetics and pharmacodynamics and whether these differ-
ences will result in a signifi cant clinical difference in our ever growing female 
population.     
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