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Preface

In the past 25 years, we have made notable progress in our understanding of wom-
en’s heart disease and women’s hearts. Groundbreaking studies have informed us so 
much more about the novel risk factors that can impact women’s likelihood for 
cardiovascular disease (CVD).

Ongoing work is aimed at achieving wide-scale understanding and usage of 
these risk factors, which include adverse pregnancy outcomes, estrogen deficiency, 
and premature menopause, in medical guidelines for diagnosing and treating 
women. Even so, we still have a job to do in educating women, including young 
women, about heart disease risk—and in educating their physicians. Meanwhile, 
CVD death rates are declining in all age groups except one—women 35–54 years.

Investigation advocacy campaigns are needed to translate these findings into 
clinical practice and care. Healthcare provider education regarding sex- and gender 
differences in CVD and clinical trials testing sex- and gender-based therapies are 
needed. We need to continue to advocate for women’s heart disease as a specific 
research topic in education and funding agencies.

The Manual of Gynecardiology gives an update on our current knowledge in 
cardiology care for women and provides practice tools for cardiologists, trainees, 
and nurse practitioners. Women with signs and symptoms of ischemic heart disease 
are still too often evaluated and treated along the male standard, leading to uncertain 
diagnoses and inappropriate treatment. This especially accounts for younger females 
under 65 years of age, who have more often nonobstructive coronary artery disease 
and vascular dysfunction rather than focal obstructive disease. Considering wom-
en’s health along a horizontal life approach can be helpful to distinguish low- and 
high-risk women from each other.

We hope that this book adds to the knowledge of all those who aim to improve 
cardiology care in women.

Nijmegen, The Netherlands� Angela H.E.M. Maas, M.D., Ph.D., F.E.S.C.  
Los Angeles, CA� C. Noel Bairey Merz, M.D., F.A.C.C., F.A.H.A. 
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Chapter 1
Cardiovascular Disease Risk in Women: 
What Makes It Different from Men

Angela H.E.M. Maas and C. Noel Bairey Merz

Abstract  Sex-related differences in ischemic heart disease (IHD) and other 
manifestations of cardiovascular disease are currently not taken into account in the 
various existing risk scores. This often leads to an underestimation of the actual 
CVD risk in women. Traditional risk factors, female-specific risk factors and non-
traditional risk variables are discussed in this chapter with their meaning in order to 
identify the high risk woman.

Keywords  Diabetes mellitus • Dyslipidemia • Estrogen • Female-specific risk  
factors • Gestational diabetes • Hypertensive pregnancy disorders (HPD) • Ischemic 
heart disease (IHD) • Lifestyle • Medication adherence • Menarche menopause • 
Migraine • Miscarriages • Polycystic ovary syndrome • Preeclampsia • Premature 
CVD • Non-traditional risk variables • Sex-hormones • Risk scores • Statins • 
Traditional risk factors

�Introduction

Clinical manifestations of cardiovascular diseases (CVD) develop on average 
7–10 years later in women than in men and are the major cause of death worldwide 
(www.who.int). With the modernization of life-style over the past decades, CVD 
morbidity and mortality is anticipated to further increase in the coming years with a 
shift towards younger age at first events [1–4]. Overweight, obesity, cigarette smok-
ing, unhealthy food and lack of physical exercise have become the greatest threats to 
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our health, already starting at young age. The proportion of total deaths attributable 
to CVD in Europe is greater for women (51%) than for men (42%) [5]. The majority 
of first manifestations of CVD events nowadays are different from the endpoints 
acute coronary syndromes (ACS) and stroke that are mostly used in observational 
studies and randomized trials [6]. Heart failure (HF), transient ischemic attack (TIA), 
stable angina, atrial flutter/fibrillation and peripheral arterial disease (PAD) are now 
the most common first manifestations of CVD [7]. In men below 60 years of age an 
ACS occurs 3–4 times more often than in women, while the earliest clinical signs of 
CVD in similar aged females are dominated by TIA’s [6, 8]. At older age, HF and 
strokes are the most common expressions of CVD in both men and women. These 
sex-related differences in clinical manifestations of CVD should be leading in deter-
mining optimal individual prevention strategies for both men and women within 
every age category. This is even more crucial for younger women because the abso-
lute 10 years risk assessment for fatal CVD events under-estimates their overall car-
diovascular risk [9]. The later onset of ischemic heart disease (IHD) in women 
compared to men is often attributed to sex-differences in hormonal status during the 
fertile period of life [10], although observational data and estrogen trials do not sup-
port this [11, 12]. This leads to the persistent erroneous assumption among cardiolo-
gists and other health care providers that women are ‘protected’ against CVD [13, 
14]. In combination with the low awareness in women themselves, they still remain 
undervalued and undertreated in primary and secondary prevention [4, 15–17]. Even 
when having had a premature ACS, both women and their doctors keep on underes-
timating their actual risk [4, 18]. In this chapter we will focus on the traditional and 
non-traditional female-specific risk factors in women and provide useful tools to 
better identify women at increased risk for premature CVD.

�Women and Lifestyle Factors

In the EUROASPIRE I-IV studies an important increase was shown in the prevalence 
of obesity and diabetes in women, next to a rise and subsequent stagnation in the 
number of young female smokers [19, 20]. Smoking has a particularly harmful effect 
at younger age with a 60% increased risk for IHD in women when compared to men 
[21]. The higher relative risk for an ACS in young females smokers (<55) dilutes at 
older age when the classical traditional CVD risk factors predominate. Smoking 
induces (premature) atherosclerosis through endothelial dysfunction, inflammation 
and LDL-cholesterol oxidation, with a shift towards a higher pro-coagulant state in 
the circulation [22]. This explains the lack of obstructive CAD in young female smok-
ers when having an ACS. They often have their menopause about 2 years earlier than 
non-smokers and this importantly contributes to premature manifestations of IHD 
[23–25]. Current smoking is also one of the key modifiable risk factors in women for 
other types of CVD, such as PAD, aortic diseases and strokes [26–30]. Passive (sec-
ond hand) smoking is also more harmful for women than men, increasing the risk for 
an ACS by 40%, when having lived with a smoker for more than 30 years [31].

A.H.E.M. Maas and C.N. Bairey Merz
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In large population-based studies overweight and obesity in adolescence have 
shown to be strong predictors of CVD mortality in adulthood [32]. The percentage 
of obese women across the US and Europe equals that in men, whereas its impact 
on the development of CVD is greater in women [33–35]. This is expected to worsen 
even more among the expanding ethnic heterogeneous populations within Europe. 
Central obesity often leads to the metabolic syndrome (MetS) which has a higher 
relative risk for insulin resistance, dyslipidemia and hypertension in women than in 
men [36]. Physical inactivity and sedentary lifestyle habits are also directly related 
to an increased CVD risk in postmenopausal women [37]. Active lifestyle counsel-
ing, culturally sensitive to education level and socio-economic status (SES) are 
needed to impact adverse lifestyle habits, for which women and especially immi-
grants are in disadvantage [38].

There are currently several US/ESC guidelines for healthy life-style advise in 
general and for women in particular [17, 39–41]. In Table 1.1 most important life-
style advise and risk factor goals from the latest 2016 updated ESC guidelines CVD 
prevention are summarized [42].

�Genetic Predisposition: Strong Risk Factor for Premature 
CVD in Women

Systematic collection of family history of premature CVD death (<60 years) to 
routine cardiovascular risk assessment is an important additive tool in improv-
ing risk estimation [43–45]. Coronary artery calcium (CAC) scores are higher in 

Table 1.1  Risk factor goals and target levels for important cardiovascular risk factors

Smoking No exposure to tobacco in any form
Diet Low in saturated fat with a focus on wholegrain products, vegetables, fruit and 

fish
Physical 
activity

At least 150 min/week moderate aerobic PA (30 min for 5 days/week) or 
75 min/week of vigorous aerobic PA (15 min for 5 days/week) or a 
combination thereof.

Body weight BMI 20–25 kg/m2, waist circumference <94 cm (men) or <80 cm (women)
Blood pressure <140/90 mmHg (lower in most patients with DM, younger age groups and in 

very high risk patients)
Lipids primary 
targets

LDL-C 
HDL-C
Triglycerides

Very high risk: < 1.8 mmol/L (<70 mg/dL)
High risk: < 2.6 mmol/L (<100 mg/dL)
Low to moderate risk: < 3.0 mmol/L (<115/mg/dL)

No target, but >1.0 mmol/L (>40 mg/dL) in men and >1.2 mmol/L  
(>45 mg/dL) in women
No target, but <1.7 mmol/L (<150 mg/dL) indicates lower risk and higher 
levels indicate a need to look for other RF.

Diabetes HbA1c <7% (<53 mmol/mol)

Adapted from: Piepoli MF et al. 2016 European guidelines on cardiovascular disease prevention in 
clinical practice [42]

1  Cardiovascular Disease Risk in Women: What Makes It Different from Men
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families with premature CAD and especially in women [46, 47]. In patients with 
premature ACS, a positive family history has been shown to be associated with 
greater severity of CAD at angiography [48]. The risk increases with younger 
age of events/death and the number of affected first relative(s) [44, 49, 50]. It is 
therefore important to assess family history more detailed than only in a binary 
yes or no. Several studies have shown that a positive family risk is an even stron-
ger risk factor for women than for men [47, 51]. Also, women with repeated 
pregnancy losses and hypertensive pregnancy disorders more often have an 
increased family risk for CVD compared to women after normal pregnancies 
[52–55]. Patient A, with premature symptomatic hypertension illustrates the 
importance of a positive family risk and a previously complicated obstetric 
history.

Patient A : Woman 51 years, second opinion

Medical history:
4× miscarriage
Menopause 45 years
Hypothyroidism since 5 years
Total cholesterol 5.7 mmol/l, LDL-C 3.2 mmol/L, TG 1.8 mmol/l

Patient history:
Since 2 years she has symptoms of tiredness, dizzyness and recurrent chest pain. 
This occurs during cycling, climbing of the stairs and vacuuming, but also for hours at rest. 
She has lost her energy and has severe symptoms of sweating. Often heart pounding at night,
fluid retention in her ankles and nycturia 4×.  She stopped smoking 6 years ago.
Family risk: P CABG at 55 years, having hypertension, M previous VTE, S HELLP syndrome,
Fr hypertension.

Physical exam:
BMI 26 kg/m2 , RR 170/103 mmHg  and 160/100 mmHg. Soft systolic ejection murmur, 
normal pulmonary sounds. No peripheral edema.

ECG at rest : SR 75/min, ST-T segment abnormalities inferior and anterolateral.
 Abnormal.

A.H.E.M. Maas and C.N. Bairey Merz
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CAG was performed elsewhere after a submaximal, non-conclusive X-test 

CAG: normal, also no signs of non-obstructive coronary artery disease (NOCAD).

Discussion: 
It was first concluded elsewhere that she may have exercise-induced astma, but she had 
no relief from her symptoms with bronchodilators.
After  adequate treatment for her family-related hypertension however, with a combination of 
an angiotensin-II antagonist and low dose b-blocker, her symptoms 
disappeared and she gradually  regained her energy. 

Conclusion: young woman at elevated family risk with recurrent symptoms due to 
shear stress/endothelial dysfunction caused by premature hypertension

�Gender-Shift in Prevalence of Traditional Risk Factors 
During Life-Course

At younger age men have a more adverse CVD risk profile, while after 65 years of 
age women have relatively more clustering of risk factors [16, 41, 56]. There is appar-
ently an important gender-shift in CVD risk between 45 and 65 years of age when 
women have their menopause transition. It is therefore crucial not only to consider 
risk factors in relation to sex, gender and ethnicity, but also to the phase in life of the 
individual patient. Moreover, different interactions exist between women and men 
among the various CVD risk factors during our lifecycle [57]. This is not taken into 
account in the large number of prediction models that are currently available [58] . 
The 2013 ACC/AHA prevention guidelines atherosclerotic cardiovascular disease 
(ASCVD) now use the contemporary risk algorithm for improved prediction in an 
increasingly ethnically heterogeneous population [59]. In women, many traditional 
risk factors (dyslipidemia, hypertension, insulin resistance) change in an adverse 
direction between 50 and 60 years of age, making it necessary to reconsider these 
factors when they are in their late fifties/early sixties. Table 1.2 illustrates important 
gender differences in weighting of traditional risk factors during middle-age.

Table 1.2  Sex differences related to traditional CVD risk factors

Risk factor Women Men

Age-threshold increased 
CVD risk

≥55 years ≥45 years

Family risk premature CVD First degree <65 years First degree <55 years
Smoking 2× elevated RR ACS < 55 years Most important RF < 50 years
Total Cholesterol 10% increase after menopause Stable after 50 years
HDL-cholesterol ≥1,2 mmol/L ≥1.0 mmol/L
LDL-cholesterol 14% higher after menopause No change after 50 years
Diabetes mellitus 1.5–2.0× higher RR mortality 

risk than in men
Independent RF for HFpEF

CVD mortality <lower than in 
women

ACS acute coronary syndromes, CVD cardiovascular disease, RF risk factor, RR relative risk, 
HFpEF heart failure with preserved ejection fraction
References: Verschuren [67]; Prescott [21]; Dallongeville [19]; Huxley 2006

1  Cardiovascular Disease Risk in Women: What Makes It Different from Men
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�Cardiovascular Risk Age and ‘lifetime’ Risk 
for Cardiovascular Disease

Young women (<55 years) at increased risk for CVD have a low absolute risk for a 
relatively short-term cardiovascular event in risk charts such as the SCORE, which 
is commonly used in Europe. This may lead to serious undertreatment of lifetime 
risk and irreversible longterm cardiovascular damage. In 2007 a relative risk chart 
has been developed to compare the actual risk with the ‘ideal’ risk of that age, e.g. 
higher relative risk (RR) in young female smokers than in non-smokers [60]. This 
has been changed into the more appropriate ‘cardiovascular risk age’ in the 2012 
and 2016 updated version of the ESC CVD prevention guidelines [41, 42]. The risk 
age of a person with several cardiovascular risk factors is the age of a person with 
the same level of risk but with ‘ideal levels’ of risk factors. Thus, a high-risk 40 year 
old woman, such as a heavy smoker, may have a risk age of ≥60 years. This illus-
trates the likely reduction in life expectancy for a young person with a low absolute 
but high RR of CVD if preventive measures are not adopted. Risk age is automati-
cally calculated in the latest revision of HeartScore (www.HeartScore.org). An 
important improvement of the 2016 ESC SCORE charts is a better recognition of 
disease risk in younger age-groups, in women and in diabetics [42].

For women it may also be important to focus on 30-years ‘lifetime’ risk of all 
manifestations of CVD and not solely on 10 years risk of IHD [60, 61]. At older age, 
the risk of strokes and heart failure is higher than for ACS. Adding signs of subclini-
cal atherosclerosis by using the CAC score to risk factor assessment, significantly 
improves risk prediction, which is especially important for younger women [42, 
62–65]. In the UK National Institute for Health and Care Excellence (UK–NICE) 
guidelines measurement of the CAC score in intermediate risk patients has now 
been added to the guidelines in patients with symptoms of angina [66].

�Dyslipidemia and Statin Use in Women

Low HDL- cholesterol is a stronger CVD risk factor in women than men, with 
values that remain stable or decline somewhat during menopause transition [67]. 
In contrast, between 45 and 60 years of age, total cholesterol and LDL choles-
terol levels rise about 10–14% in women, while there is no significant change in 
men [68–70]. Figure  1.1 outlines the change in total cholesterol levels (male/
female) with ageing derived from a Dutch population-based cohort [67]. In 
Fig. 1.2 pre-and postmenopausal lipid values are depicted. While the beneficial 
effects of secondary prevention with statins in women are beyond any doubt [71], 
their efficacy in primary prevention is controversial [72–75]. This is caused by an 
under-representation of women in clinical trials, a lack of sex-specific analyses 
and a too young age at inclusion of participating women. In the MEGA-study it 

A.H.E.M. Maas and C.N. Bairey Merz
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was shown in 5300 women that primary prevention with a statin for mild hyper-
cholesterolemia (Total cholesterol 5,7–7,0  mmol/L) is useful upward of 
55–60 years of age, when CVD risk increases and more combined risk factors are 
present [76]. This has also been an important consideration in the JUPITER-trial, 
which included 11.001 men ≥50 years and 6801 women ≥60 years at intermedi-
ate CVD risk [71, 77]. In a recent meta-analysis of the Cholesterol Treatment 
Trialists’ (CTT) Collaboration database, no difference was found in the effective-
ness of statins in men and women at an equivalent risk of CVD [78]. This is in 
agreement with the current ESC guidelines CVD prevention, which are less strict 
than the 2013 ACC/AHA guidelines for the prevention of dyslipidemias [41, 
79–81]. According to the UK-NICE guidelines, the majority of men over 50 years 
and more than half of all women over 60 years, having a 10% CVD risk over 
10 years, will qualify for statin use in primary prevention [82].

Reported side-effects of statins vary among populations, ranging from 5 to 25%, 
and mainly consist of muscle symptoms such as myopathy, myalgia and weakness 
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Fig. 1.1  Age/gender related changes in total cholesterol levels. Doetinchem-cohort and 
REGENBOOG-project [67]
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[83–85]. Discontinuation of medication occurs more often in real life than in clini-
cal trials [86]. The majority of patients report statin-associated muscle-related 
adverse effects within the first 3 months of initiating therapy [87] . Women report 
more adverse symptoms than men, which is a serious reason for their lower adher-
ence to therapy [88–91]. It may be difficult however to ascertain whether symp-
toms of muscle pain are indeed related to statin use or to other causes [92]. Fatigue, 
fibromyalgia and arthrosis-related (inflammatory) symptoms are quite common in 
middle-aged women [93, 94]. A contributing mechanism to explain the increased 
susceptibility for side effects of statins in women is their interaction with CYP3A4 
inhibitors [95]. Besides, other causative factors for myopathy are related to certain 
genetic variants and an interaction with mitochondrial function [96–98]. The nega-
tive publicity in the lay press has led to the biased expectation that statin use is 
harmful [99]. Early statin discontinuation in patients with an appropriate indication 
for it use increases the risk of ACS and cardiac death [85, 100]. Therefore, health-
care providers should re-challenge more often with other statins whenever possi-
ble, or perhaps start with a lower dose, while putting the side-effects on muscle into 
perspective by appropriate counseling and shared decision making [101, 102]. 
According to the advice of the European Atherosclerosis Society (EAS) intake on 
alternating days or twice a week may also be a pragmatic option [103]. Noteworthy 
is that the attitude towards chronic medication use and preferences for complemen-
tary and alternative medicines may be different among both genders [104]. 
Although PCSK9 inhibitors (monoclonal antibodies) are very effective in reducing 
LDL-cholesterol in statin-intolerant patients, its (expensive) use is at first being 
restricted to patients with primary hypercholesterolemia or mixed dyslipidemias 
who are not adequately controlled with statins. Long term efficacy and safety data 
are not yet available and the cost-effectiveness of these new agents in patients with 
heterozygous FH or ASCVD do not meet the currently generally acceptable criteria 
[105, 106].

�Treatment of Hypertension in Women

Blood pressure levels show important gender differences during lifetime and the 
long-term consequences of hypertension for the development of atrial fibrillation, 
left ventricular hypertrophy and heart failure with preserved ejection fraction 
(HFpEF), which are worse for women than for men [107]. Hypertensive women 
develop more vascular and myocardial stiffness than men at old age, and more 
often have isolated systolic hypertension, reflecting aortic stiffness [108, 109]. The 
diameter of the aorta increases with age, more in men than women, wherefore 
gender-specific and age-adjusted normal values are needed [110]. In developed 
countries 30% of adult individuals have hypertension and this number is even 
higher in low-middle income countries, reaching up to 53% of all women [111, 112]. 

A.H.E.M. Maas and C.N. Bairey Merz
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For every 20 mmHg SBP and 10 mm Hg DBP increase in BP, there is a doubling 
of mortality both from IHD and stroke for subjects aged 40–89 years [113]. In the 
EUROASPIRE III study women were less well treated for their hypertension than 
men and considering the results of EUROASPIRE IV, which again demonstrated 
that blood pressure is often not optimally controlled, there is still room for improve-
ment [19, 20]. Although younger women are at lower absolute cardiovascular risk 
than elderly women, this should not impede the detection and effective manage-
ment of hypertension within each age category. After the results of the Systolic 
Blood Pressure Intervention Trial (SPRINT) –trial it is expected that treatment 
goals for hypertension will become more strict and age-dependent [114, 115]. 
Many symptoms may accompany elevated blood pressure, such as headaches, pal-
pitations, tiredness and chest pain, for which physicians should be alert (see patient 
A and Chap. 5).

�Diabetes Mellitus: Mind the Consequences in Women

With the rise in the number of low physical activity and overweight/obese individu-
als, the prevalence of type II diabetes (T2DM) is increasing. Treatment of T2DM in 
women used to be less optimal than in men, but disparities in care are getting smaller 
[19, 116–118]. After adjustment for their higher clustering of risk factors, women 
with T2DM still have a twofold increased CVD risk than men [119–122]. They also 
have more signs of inflammation and more unfavorable changes in coagulation and 
endothelial function leading to a greater cardiometabolic risk factor load [123, 124]. 
In addition, the pattern of IHD and the occurrence of vascular and myocardial stiff-
ening with ageing also shows important gender differences that affect outcomes 
negatively [125]. Diabetic women have a more diffuse and non-obstructive pattern 
of coronary artery disease (NOCAD) than men, with higher rates of coronary micro-
vascular dysfunction (CMD) which is more difficult to diagnose and to treat than 
focal obstructive CAD in the epicardial coronary arteries. Hypertension and T2DM 
are strongly and inversely related risk factors for CVD in postmenopausal women 
[126]. Moreover, T2DM is an independent risk factor for the development of HFpEF 
in women, which often remains unrecognized in clinical practice [127, 128]. An 
echocardiography study in patients with T2DM over 60 years of age showed that 
28% of women and 18% of men had previously unknown signs of HFpEF [128]. 
Both type I and type II diabetes promote inflammation which affects both genders 
differently and also show differences among pre- and postmenopausal women 
[129–133]. Adverse outcomes of pregnancy are associated with both types of diabe-
tes and there is evidence to suggest that women with diabetes undergo earlier meno-
pause than women without diabetes [134, 135]. The 2013 ESC guidelines on 
diabetes, pre-diabetes and CVD extensively describe very relevant aspects of this 
subject, but are importantly lacking a gender-specific viewpoint [136]. Longterm 
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follow-up data from the Rancho Bernardo study showed that women with diabetes 
and angina had a three-to four-fold greater risk of dying from CHD than women 
who had diabetes without angina, independent of covariates [137, 138]. There were 
no independent associations found in men. In 2015 the AHA has released a scien-
tific statement on the current knowledge of gender differences in the ASCVD con-
sequences of diabetes, with a stronger relative mortality risk in women than in men 
[139]. This also concerns stroke and PAD [138, 139]. There is growing evidence 
that the MetS and diabetes are also associated with an increased prevalence of breast 
cancer in women with more adverse outcomes [140, 141].

In asymptomatic patients (male/female) with T2DM a high coronary artery cal-
cium score (CAC) has been shown to be an important predictor of adverse CVD 
events [142]. As women with T2DM often have a diffuse pattern of CAD with con-
comitant coronary vascular dysfunction and HFpEF in the elderly, symptom recog-
nition of IHD can be difficult. Patient B is an example of a high risk T2DM female 
patient (family, gestational diabetes, early menopause, premature hypertension) with 
recurrent angina symptoms which were poorly recognized as being related to CMD.

Patient B: Second opnion, woman 58 years 

Patient history:
Since 1 year  she has recurrent symptoms of chest pain with radiation to the jaws, left arm
and shoulders. These symptoms can be induced by exercise, but also often 
occur at rest and in the early morning in bed. Relief by nitroglycerine sublingual most 
of the time, but not always. She has lost condition, has more dyspnea at exertion 
than before. She has T2DM (diet) since several years. She cannot lose any weight.  
Stopped smoking 35 years ago. Intolerance for B-blockers.

Family risk: P  at 50 years 2× PCI, M hypertension, a stroke and T2DM at older age.

Med: Acetylsalicylic acid 38 mg, pantoprazol 40 mg, irbesartan/HCT 300/12.5 mg, 
simvastatin 40 mg

Medical history: - astma since youth
- 2× GDM (insuline dependent)
- menopause at 42 years
- hypertension 45 years
- T2DM (diet)
- recurrent diverticulitis
- cholecystectomy  at 55 years
- CAG 2 and 4 years ago: no abnormalities

 

Physical examination: BMI 33.8 kg/m2, 
RR 140/87 mmHg, 165/100 mmHg, auscultation normal

ECHO: normal, EF 61 %, no signs of LVH, or diastolic dysfunction

Discussion: diagnosis (per exclusionem) coronary microvascular dysfunction (CMD) and
hypertension in woman with T2DM and elevated CVD risk.
Advise to add diltiazem 2dd 120 mg to her medication.
Blood pressure normalizes with a reduction of anginal symptoms and improvement of her
physical condition. She still has stable symptoms of chest pain from time to time.
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Several studies have compared the effectiveness of PCI versus coronary artery 
bypass surgery (CABG) in patients with T2DM and multi-vessel CAD [143–146]. 
In all studies it was found that CABG provides better longterm outcomes in male 
and female diabetic patients. Although women with diabetes are less likely to be 
referred for CABG, this is a class I therapeutic recommendation in diabetic patients 
(male/female) with stable IHD [147].

�Female-Specific Risk Factors: Tools to Identify Young Women 
at Higher Risk

Sex-specific factors related to hormonal and reproductive status are known to relate 
to CVD risk. It is unclear yet, to which extent and within which stage(s) of life these 
female-specific risk factors are relevant to CVD risk estimation in women. When 
considering all age-groups together, reproductive and pregnancy related disorders 
do not seem to be relevant in 10 years risk estimation [148, 149]. However, when 
focusing on younger patients (<55 years) evidence is increasing that assessment of 
female-specific risk factors may indeed add to identify women at higher risk [51, 
150, 151]. This is especially important as young women are considered to be at low 
risk, until a first premature event has occurred. Reproductive and pregnancy-related 
factors may predispose to earlier signs of endothelial dysfunction, vascular inflam-
mation and atherosclerosis [152–154] . This is less relevant for the older female 
population, having a higher prevalence of traditional risk factors with more advanced 
and more easily detectable atherosclerosis. It is to be expected that a combination of 
genetic risk together with (several) female-specific reproductive and non-traditional 
risk factors related to inflammatory diseases are more predictive in identifying 
women at high risk for premature CVD, than one or two single factors alone [150]. 
In Fig. 1.3 several female-specific risk variables and non-traditional risk factors to 
identify potentially high risk women are depicted, see also the patient cases in this 
chapter. The justified weighting of these various risk variables remains to be further 
investigated.

�Age at Menarche

Over the past decades there has been a shift in age at menarche (first menstrual 
period) from ≥12 years towards younger ages. Early age at menarche (8–12 years) 
has been associated with increased body mass index (BMI), higher risk of MetS, 
T2DM and more CVD risk factors in adolescent girls and in young women studied 
up to age 40 year [155–159]. The association of age at menarche and CVD risk is 
only partly mediated by adiposity [160]. In a recent large study a more U-shaped 
association was found between age of menarche and IHD [161]. As late menopause 
is protective for CVD, the timing of estrogen exposure in the reproductive years 
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may be more important than the total number of years of estrogen exposure [162]. 
In more than fifty percent of women the onset of menarche is caused by a combina-
tion of environmental and genetic factors of which more than 30 genetic loci have 
been identified [163–165]. Sufficient data are currently lacking to determine the 
value of age at menopause in individual risk prediction.

�Polycystic Ovary Syndrome (PCOS)

Polycystic ovary syndrome (PCOS) is a complex disorder characterized by 
oligomenorrhea, amenorrhea, hyperandrogenism, and polycystic appearance of the 
ovaries [166]. It is the most common hormonal imbalance among females of repro-
ductive age, affecting up to 10–13% of women [167]. Ovulatory dysfunction in 
women with PCOS is associated with low grade inflammation and an increased car-
diometabolic risk [168]. This promotes endothelial dysfunction, independent of obe-
sity, age and other risk factors [169]. Women with PCOS are at substantially increased 
risk of developing T2DM [124, 170]. The risk for hypertension and dyslipidemia is 
also moderately increased compared to women without PCOS. Long term data on 
CVD outcomes are relatively scarce and cardiovascular and metabolic risk profiles are 
hampered by the heterogeneity of PCOS phenotypes [171–173]. It is controversial 
that PCOS women with excess androgen production are at high future CVD risk 
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Fig. 1.3  Vascular damage after hypertensive pregnancy disorders. Adapted from Sattar & Greer 
2002 [192]
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[174]. Several studies have shown that women with PCOS are at 22% to a twofold 
increased risk to develop GDM in pregnancy [175, 176]. The Dutch guideline cardio-
vascular risk management after reproductive and pregnancy-related disorders there-
fore recommends that women with PCOS should be screened for gestational diabetes 
(GDM) during pregnancy [177]. When evaluating female patients for their CVD risk 
it is important to ask about irregular menses and if needed to screen for PCOS by a 
gynecologist [172]. Women with PCOS should be encouraged to optimize modifiable 
cardiovascular risk factors such as obesity to reduce their future CVD risk.

�Gestational Diabetes (GDM)

Gestational diabetes mellitus (GDM) occurs in 2–10% of pregnancies and confers a 
4- to 7-fold higher risk of future type II and the development of the MetS in midlife 
[178, 179]. Several studies have reported a 66–85% higher risk of CAD, myocardial 
infarction, and stroke after previous GDM [180]. Women with GDM also have a 1.5 
times greater likelihood to develop hypertensive pregnancy disorders (HDP) com-
pared to women without GDM [181]. It is recommended that women with prior GDM 
receive education about lifestyle modification and regular (yearly) testing for glucose 
intolerance, since these women are at high risk to develop T2DM [182–184].

�Premature Ovarian Insufficiency and Menopause: See Chap. 5

�Repeated Miscarriages and Hypertensive Pregnancy Disorders:  
“stress-test” in Women

In multiple large population-based studies is has been shown that recurrent (≥2) 
miscarriages convey an increased risk for IHD and other types of CVD [53, 55, 185, 
186]. These also occur more often in women having an increased family risk for 
ASCVD [55]. Spontaneous preterm delivery is also an independent risk factor for 
the development of IHD, stroke and overall CVD [187]. In high-income countries 
hypertensive pregnancy disorders (HPD) affect 10% of all pregnancies and account 
for the majority (16%) of maternal deaths. These are most frequently present in first 
pregnancies, with a high recurrence rate in subsequent pregnancies. There are 
several manifestations of HPD, according of the timing and severity of the blood 
pressure disorders during pregnancy (pregnancy-induced hypertension, early-onset 
preeclampsia or late-onset preeclampsia) [188]. An uncertain percentage of women 
has preexisting premature hypertension before conception. Preeclampsia, especially 
when occurring early in pregnancy, is the severest manifestation of HPD and may 
degenerate into the Hemolysis Elevated Liver enzymes and Low Platelets (HELLP) 
syndrome with severe metabolic, vascular and thrombotic complications in the 
mother [52, 189]. This often results in fetal growth retardation and intrauterine 
death of the fetus. A low birth weight is an important and reliable indication for the 
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severity of the preeclampsia, which most women are able to recall later in life and 
thus may be a helpful tool in clinical practice. Worldwide, preeclampsia occurs in 
3–5% of pregnancies, defined as de novo blood pressure elevation ≥140/90 mmHg 
with proteinuria ≥0.3 g/24 h after the 20th week of gestation [190]. In normal preg-
nancy several components of the metabolic syndrome are temporarily elevated, 
such as insulin resistance, lipid levels, and coagulation and inflammatory factors. It 
is hypothesized that normal pregnancy itself stimulates an inflammatory response, 
which is exaggerated in preeclampsia, and involves dysfunction of the endothelium 
in the uterine circulation (Fig. 1.3) [191, 192] . The ultimate source of the inflam-
matory stimulus is presumably the placenta itself. Uteroplacental arterial insuffi-
ciency may cause the release of inflammatory stimuli (cytokines) into the maternal 
circulation, leading to vasoconstriction and activation of the coagulation system. 
Women after HPD are at increased risk for future CVD, which is strongly related to 
the timing and severity of the hypertensive disturbances [193–198]. The cardiovas-
cular risk profile after pregnancy importantly reflects the risk of hypertension and 
CVD later in life [199]. Around 43% of women after early preeclampsia already 
have hypertension before the age of 40, which is on average 7.7 years earlier than in 
women with previous uncomplicated pregnancies [54, 184]. In more than 75% of 
affected women a positive family history for CVD is reported. More arterial stiff-
ness and a higher prevalence of cerebral white matter lesions are also found in 
women after preeclampsia compared to women after normotensive pregnancies 
[200–202]. Women after HPD have signs of earlier ovarian ageing as an indication 
of impaired vascular health [203].

During normal pregnancy, several metabolic factors are temporarily increased 
such as insulin resistance, lipid levels, as well as coagulation and inflammatory fac-
tors [52, 204]. In women who develop HPD or GDM, this physiological response is 
disturbed, leading to vascular endothelial dysfunction in both the uterine and mater-
nal circulation [192, 205]. Insufficient placentation may be caused by genetic, 
immunological, vascular and environmental factors and has many pathophysiologi-
cal mechanisms in common with the initial process of atherosclerosis [204, 206] . 
Many circulating biomarkers during HPD remain detectable for many years, even 
decades afterwards [207–209]. These promote early endothelial dysfunction and 
premature onset of atherosclerosis in the mother [210].

�Clinical Symptoms and Treatment Advise in Women 
After Preeclampsia

Many young women have a variety of symptoms after preeclampsia, that are often 
not well recognized, but may result in a reduced quality of life [211]. Previously 
affected women may even state that ‘they never have recovered to normal’ after 
their pregnancy (Patient C). Persistent symptoms of fatigue, concentration distur-
bances and impaired mental well-being may contribute to lower social functioning 
[212, 213]. In others premature (subclinical) manifestations of CVD may occur 

A.H.E.M. Maas and C.N. Bairey Merz



15

within several years after index pregnancy (Patient D). Early preeclampsia is asso-
ciated with slightly higher levels of depressive symptoms and fatigue on average 
14 years after index pregnancy compared to previously unaffected women, but its 
clinical relevance is not clear yet [214]. It has also been found that during meno-
pause transition women after HPD have an enhanced sympathetic nervous activity 
which may be associated with more disabling vasomotor symptoms [215]. These 
preliminary findings will need more attention in future research 

Patient C: woman 42 years, persistent symptoms after HELLP 

Patient history: In the years following her only, but seriously complicated pregnancy, patient has the
feeling that she has “never returned to normal”.  In stressful sitiations she first had attacks of “near fainting”
for several years. She visited a neurologist who could not find anything wrong.  After 5 years
she returned to het  work as a TV producer. Since two years she has symptoms of recurrent headaches,
pain between  her shoulders, concentration disturbances and a bad condition. She stayed at home for 
10 months  with a diagnosis of “burn-out”.
She is unable to do sports and has chest pain while climbing the stairs.
Recently her blood pressure was 160 mmHg systolic, but this was attributed to stress related to 
her health problems and a recent divorce.
After her complicated pregnancy in the past she never had regular checks of her blood pressure.
She has never smoked, with a normal weight.  Premenopausal state with regular menses. No medication.

Medical history:

At age 28 years HELLP syndrome, gemelli (1700 and 2200 g, born 33 week by section)

Family risk: hypertension in several first degree relatives

Physical exam: length 1.78 m, weight 65 kg, RR 133/80 mmHg, 150/90 mmHg and  145/90 mmHg,
auscultation normal.

ECG: sinusrythm 59/min, intermediate axis, normal.

LAB: total cholesterol 5.6 mmol/l, triglyceriden 1.02, HDL 1.63, LDL 3.5 mmol/l.

Discussion: her symptoms can be attributed to premature hypertension, which 
induces endothelial dysfunction and oxidative stress. She was treated with a 
combination of  a low dose angiotensin-II antagonist in combination with a low 
dose b-blocker. After a stress-reducing program she is doing well since several 
years and she enjoys a new relation. 

Patient D. Woman 41 years, premature coronary artery disease

Medical history:

migraine since her teens

Hypertension from age 20

3× miscarriage, afterwards 3× hypertensive pregnancies

2015 (last year) : CAC score 237, NOCAD on CTA

Family risk: positive ++. P ACS at 45, M young stroke,  hypertension and high family risk. 

Patient history:

In the evenings patient often has a nagging pain in her left arm and a feeling of extreme
tiredness. This is why she has stopped with regular running. 
Symptoms may change from day to day and from week to week. 
There is some improvement since medication for her elevated blood pressure 
was started. With warm weather she often has fluid retention in her ankles. 
Menses irregular with IUD. She has smoked between 18 and 26 years.
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Physical exam
BMI 20.3 kg/m2, RR 131/85 mmHg, later 160/100 mmHg, 
auscultation normal.

Lab: T chol 3.7, TG 1.06, HDL 1.7, LDL 1.5 mmol/l  (without statin)

ECG: within normal range

Comments:
Patient at elevated risk for CVD and a high CAC score at young age. No signs of
obstructive CAD. There is a typical ‘red thread’ (family risk, migraine, miscarriages,
hypertensive pregnancies)  in her medical history for having premature atherosclerosis.
It is therefore crucial to treat her bloodpressure to an optimal level of < 120/80 mmHg at her 
young age . After initiating an angiotensin-II antagonist her bloodpressure normalized, she
regained her energy  and  was able to restart her running activities. 

Thus far, longterm follow-up intervention studies to prevent CVD after high risk 
pregnancies are lacking. Preeclampsia has now been adopted as a female-specific 
risk factor in several guidelines, such as the 2011 AHA prevention guideline in 
women, the 2014 AHA stroke prevention guideline, the 2016 Dutch guideline car-
diovascular risk management after reproductive and pregnancy-related disorders, 
and the 2016 ESC guidelines CVD prevention [40, 42, 182, 187]. First measure 
after index pregnancy is adherence to a healthy diet- and lifestyle onwards. It 
remains to be investigated whether early and strict lowering of blood pressure and 
cholesterol (if appropriate) may prevent the early occurrence of CVD in these 
potential high risk women [216].

�Non-traditional Risk Factors in Women: Co-morbidity 
with Inflammatory Disorders

An increased CVD mortality risk has been found in patients with rheumatic and 
endocrine disorders such as rheumatic arthritis (RA), systemic lupus erythematosus 
(SLE), antiphospholipid syndrome (APS) and thyroid disorders which are more 
prevalent in women than in men [217–219]. Chronic systemic inflammation itself 
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can be considered as an independent CVD risk factor, but patients with these 
disorders also have a higher clustering of traditional risk factors which may increase 
their susceptibility for premature CVD [220]. There are important sex-related dif-
ferences in immune reactivity, with a relatively increase in women during/after 
menopause transition [129]. Coronary microvascular dysfunction (CMD) may be 
the key mechanism involved in accelerated atherosclerosis in chronic inflammatory 
diseases [221, 222]. Of interest is that women with lichen sclerosis (LS) also have a 
higher susceptibility for autoimmune disorders such as alopecia areata, vitiligo, thy-
roid disease and pernicious anemia [223]. Women with CMD regularly report to 
have concomitant LS, which should be further explored. The main cause of CVD 
deaths in RA patients is ischemic heart disease (IHD), with a higher ACS related 
mortality risk compared to the general population [224–227]. The presence of rheu-
matologic disorders is independently associated with worse outcomes after PCI 
[228]. It remains to be investigated whether frequently used anti-inflammatory bio-
logical agents may also have beneficial anti-atherogenic effects.

�Migraine

Until recently, only migraine with aura has been found to be associated with an 
increased CVD risk in women [229, 230]. In a 20-years follow-up study among par-
ticipants of the Nurses’ Health study however, a consistent increased risk (HR 1.50, 
CI 1.33–1.69) for cardiac and cerebral manifestations of CVD was found [231]. 
More than 15% of women had (previous) migraine, which occurs 3–4 times more 
often in women than in men. Migraine is related to an increased family risk for CVD, 
premature vascular dysfunction, a higher susceptibility for thrombosis and inflam-
mation (Fig. 1.4) [232, 233]. Several studies have also demonstrated significant asso-
ciations between migraine and celiac disease, inflammatory bowel disease, and 
irritable bowel syndrome (IBS) [234]. The case of patient E illustrates the complex 
co-morbidity of migraine, T1DM, inflammatory diseases and premature CVD.

Patient E. Woman 55 years with T1DM, autoimmune disorders 
                  and premature CAD

Medical history:
- at 15 years : Diabetes mellitus Type I
- recurrent migraine in het teens
- at 22 years:  colitis ulcerosa. 
- reumatic disease with muscle dystrofia both legs
- hypothyroidism
- at 48 years hypertension with LVH
- at 50 years: CABG  LIMA-LAD and venous graft AL-MO-PL-RDP. 
- afterwards hemolytic anemia, cold agglutines and antigen Diego. 
- at 52 years : removal sternum stiches (hypersensitivity)

Discussion:
Over the past years patients has variable periods of severe tiredness with 
dyspnea and chest pain at exertion. Her symptoms worsen when her chronic 
bowel disease flares up or when her diabetes is poorly regulated. At other times 
she feels fairly well and is able to perform light to moderate daily activities. 
Her wellbeing in general strongly depends on the status of her combined illnesses.
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�Know and Manage Your Numbers!

Women with an elevated family risk for CVD should be aware of their CVD risk 
factors and aim to a healthy lifestyle from early years on. Self-management of blood 
pressure with modern eHealth applications is less time-consuming than regular 
office visits and actively involves patients as partners. This may also increase moti-
vation for lifestyle and medication adherence [235]. Recent studies have shown that 
self monitoring of blood pressure improves treatment outcomes with lower costs 
compared to office-based therapy [236, 237].

ageing0 55

genetic
predisposition

early/late menarche
migraine

reproductive disorders:
PCOS, rec.miscarriages, HPD,
preeclampsia/HELLP, GDM

early menopause
premature hypertension
metabolic syndrome
endocrine disorders
rheumatic diseases
thyroid disorders
inflammatory bowel dis.

type 1 CMD
persistent VMS
young stroke/ACS

PCOS polycystic ovary syndrome
HPD hypertensive pregnancy disorders
HELLP hemolysis elevated liver enzymes low platelets  syndrome
GDM gestational diabetes mellitus

CMD coronary microvascular dysfunction
VMS vasomotor symptoms
ACS acute coronary syndromes
CVD cardiovascular disease

teens adolescence forties fifties

Fig. 1.4  Female-specific and non-traditional risk factors: Risk variables for early endothelial dys-
function/premature CVD. PCOS polycystic ovary syndrome, HPD hypertensive pregnancy disor-
ders, HELLP hemolysis elevated liver enzymes low platelets syndrome, GDM gestational diabetes 
mellitus, CMD coronary microvascular dysfunction, VMS vasomotor symptoms, ACS acute coro-
nary syndromes, CVD cardiovascular disease

Key Issues
•	 Clinical manifestations of CVD appear 7–10 years later in women than 

men
•	 Smoking and increased family risk are important risk factors in women 

with premature CVD
•	 Premenopausal women have a lower CVD risk than similarly aged men
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•	 At old age women have a higher clustering of CVD risk factors than men
•	 T2DM has a higher relative CVD mortality risk in women than in men
•	 Female specific risk variables may be helpful to identify women at 

increased premature ASCVD risk
•	 HPD and especially preeclampsia/HELLP are important risk factors in 

women
•	 Migraine and (autoimmune) inflammatory and rheumatic disorders 

promote early endothelial dysfunction and are more prevalent in women 
than in men
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Chapter 2
Ischemic Heart Disease in Women

Angela H.E.M. Maas and C. Noel Bairey Merz

Abstract  Women have different manifestations of ischemic heart disease (IHD) 
than men throughout their lifetime. At middle-age they have more often non-
obstructive coronary artery disease (NOCAD) and coronary vascular dysfunction 
rather than obstructive, focal coronary artery disease (CAD). Differences in 
underlying pathophysiology translate into a different presentation of symptoms 
among both genders. This needs a more gender-sensitive diagnostic and therapeutic 
approach as discussed in this chapter.

Keywords  Coronary angiography • Coronary artery disease (CAD) • Coronary 
interventions • Focal coronary artery disease • Fractional flow reserve (FFR)  
• Functional coronary testing • Gender symptoms • Gender diagnostic testing  
• Ischemic heart disease (IHD) • Medical treatment • Menopause • Non-obstructive 
CAD (NOCAD) • Stable angina pectoris

�Sex and Gender Differences in Pattern of  
Ischemic Heart Disease

An important sex difference is the progression of coronary atherosclerosis into more 
vulnerable plaques which develops later in women than in men [1–3]. The many 
data that have been obtained from invasive and non-invasive population studies have 
clearly shown that there is a female- pattern of ischemic heart disease (IHD), as 
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summarized in Fig. 2.1 [4–7]. Women have a smaller diameter of the coronary arter-
ies, when corrected for body surface area, compared to men. Plaque morphology 
shows clinical relevant sex differences with fewer calcifications, less focal 
obstruction and a more diffuse pattern of atherosclerosis with ‘outward remodeling’ 
and ‘soft’ plaques in women than in men at all ages [8–12]. Combined structural 
and functional disorders of the coronary circulation are involved in various 
manifestations of IHD. In the large Swedish coronary angiography and angioplasty 
register (SCAAR) almost 80% of women under 60 years of age with stable angina 
symptoms had no visible coronary obstructions at angiography, compared with 40% 

�

�

�

�

�

�  smaller diameter coronary arteries
Non-obstructive CAD  (NOCAD)(< 65 yrs)
 diffuse pattern atherosclerosis 
 less calcification, more ‘soft’ plaques
 more vascular dysfunction (also after PCI and CABG)
 clinical prognosis not better

diffuse atherosclerosis

focal stenosis

Fig. 2.1  Female pattern of IHD
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Fig. 2.2  Percentage ‘normal’ CAG’s in patients with stable angina (ref 13)
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of men (Fig.  2.2) [13]. Women have twice as often a pattern of non-obstructive 
coronary artery disease (NOCAD) with coronary vascular dysfunction, which has 
important consequences for their clinical symptoms, diagnostic strategies, treatment 
options and outcomes. The prognosis of severe calcified plaques is worse in men 
than women, while the extent of NOCAD and ‘soft’ plaques predicts mortality in 
women but not in men [14, 15]. Women with stable angina and NOCAD are three 
times more likely to experience a cardiac event within the first year after diagnosis 
than their male counterparts [16]. In symptomatic women with NOCAD the 5 year 
IHD event rate is almost 50% higher than in symptomatic women with ‘normal’ 
coronary arteries [17, 18]. In the Copenhagen City Heart study the prognosis of 
NOCAD in women was shown to be comparable to the more obstructive pattern of 
CAD as it is more frequently present in men [19]. Although atherosclerosis often 
progresses towards flow-limiting stenoses over time, acute coronary syndromes 
(ACS) predominantly arise from non-obstructive lesions [20]. The advances in new 
imaging modalities over the past decades urge clinicians to apply a more sex- and 
gender-sensitive approach for the detection of IHD and to leave behind coronary 
angiography as the gold standard [21–23]. This is especially important for female 
patients, as they are still less well diagnosed and treated than men [24].

�Non-obstructive Coronary Artery Disease (NOCAD)

In patients with non-obstructive CAD at coronary angiography, lesions up to 20% 
can be present, without being noticed [18]. However, with coronary intravascular 
ultrasound techniques (IVUS) it has been shown that in most patients with sus-
pected IHD without signs of obstructive CAD coronary plaques are already present 
[25]. Non-obstructive CAD has been found to be associated with a significantly 
greater 1-year risk of ACS and all-cause mortality, compared with no apparent CAD 
[26]. Symptoms of IHD are often caused by a combination of atherosclerosis, endo-
thelial dysfunction and spasm in the macro- and microvascular coronary arteries 
together with activated inflammation and platelet function (Fig. 2.3) [27]. Within all 
these causative components of IHD important sex differences exist throughout all 
various stages of life [4]. In clinical practice, an important dilemma is that the agree-
ment between anatomical CAD and functional IHD is rather poor [28, 29]. This is 
especially disadvantageous for younger women (45–65 years) in whom functional 
and more diffuse CAD often predominates over focal obstructive CAD (Fig. 2.4). 
The over-emphasis of obstructive CAD over NOCAD in the current US and ESC 
guidelines stable CAD is one of the major reasons that symptoms and risk factors in 
women are still less well treated than in men [30, 31]. Women with recurrent chest 
pain syndromes and NOCAD need to be diagnosed and treated since they have a 
twofold increased risk to develop obstructive CAD events in the next 5–8 years and 
have a four times higher risk for re-hospitalizations and recurrent angiograms than 
women without these symptoms [32, 33].
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�Diagnosis of Ischemic Heart Disease: Need for a More Sex 
and Gender-appropriate Approach

The clinical evaluation of symptoms of angina pectoris in women is still consid-
ered along the male standard. However, the various sex differences in underlying 
pathophysiological mechanisms involved in IHD often translate into other symp-
toms than the classical angina pectoris, which is more associated with obstructive 
CAD (Table  2.1). The combination of NOCAD with endothelial dysfunction 
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frequently occurs in young and middle-aged women with a combined typical and 
atypical symptom presentation, that may be misinterpreted as being of non-car-
diac origin [34]. The classification of symptoms in typical or atypical alone has 
been shown to be unreliable for the detection of obstructive CAD in women under 
55 years of age [35]. Black women have an even more atypical symptom presen-
tation than white women, which may be an extra barrier to appropriate and timely 
treatment [36]. It is therefore mandatory to simultaneously consider lifestyle 
behavior and CVD risk factors when evaluating symptoms. In general, women 
have more symptoms of chest pain than men, leading to recurrent presentations at 
the emergency department and repeated coronary angiograms (CAG) [4, 32, 37]. 
The diffuse pattern of CAD can easily be missed at angiography in young high 
risk women and mistakenly being interpreted as ‘small female coronary arteries’. 
In Patient example A this has mistakenly led to the conclusion that she had a 
‘false-positive’ X-test. After 65 years of age the mode of CAD in women gradu-
ally changes into more obstructive stenoses, also depending on the individual CV 
risk profile. The higher the chance of having focal obstructive CAD, the more 
classical (male) symptoms of angina pectoris women will have (Patient B). When 
the underlying degree of obstructive CAD is similar as in men, there is no appar-
ent gender difference any longer in symptom presentation [38]. However, this 
selection bias in coronary stenoses is not reflecting daily clinical practice. In addi-
tion, the increasing prevalence of vascular stiffness and diastolic dysfunction in 
women at older age leads to additional symptoms of dyspnea, tiredness and loss 
of condition that can make it more difficult to establish the diagnosis of IHD 
(Patient C) [39]. At older age (> 70 years) and in diabetic patients symptoms of 
angina may become more atypical in both women and men. Also, the occurrence 
of paroxysmal atrial fibrillation (AF) and diastolic heart failure (HFpEF) is a 
common manifestation of IHD in the elderly and predominates in women over 
men [40]. 

Table 2.1  classification of chest paina with female-specific aspects (–)

Typical angina 
(definite)

Meets three of the following characteristics:
•  Oppressive substernal chest discomfort
•  Provoked by exertion or emotional stress
•  Relieved by rest and/or nitrates within minutes
–  Squeezing, tight, chest discomfort
– � Radiation to chest, jaw(s), left armpit and/or left arm, neck, 

Shoulders and inter-scapular area
–  May last longer than minutes
–  Crescendo /decrescendo character (spasm)
–  Dyspnea, anxiety, mental stress-related
–  Extreme tiredness, also often after angina

Atypical angina 
(probable)

Meets two criteria
–  Both typical and atypical symptoms in NOCAD

Non-anginal chest 
pain

Lacks or meets only one characteristic criterium
–  Beware of cardiac anxiety disorder

aAdapted from Montalescot G et al. 2013 ESC guidelines stable CAD [31]
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Patient A  Woman with diffuse CAD at angiography, mistakenly interpreted as ‘normal’ 

46 year old woman has symptoms of chest pain with radiation to the jaws both at rest and during exercise.
Her symptoms started 6 months ago and can be provoked by heavy exercise. They also occur at rest and
in bed early in the morning. She cannot predict her symptoms very well.
She is premenopausal, non smoking and has several first degree family members with premature CVD and 
dyslipidemia. She uses no medication.

Physical exam: BMI 23 kg/m², RR 120/80mmHg, no abnormalities at auscultation.

Lab: Total cholesterol 7.3 mmol/l, HDL-C 1.0 mmol/l,  LDL-C 5.5 mmol/l , TG 2.8 mmol/l

ECG at rest:
positive ECG at max. exercise  (150 W 2 min.)
Chest pain during test.

Comments: At CAG the branches of the LCA show very diffuse CAD. (no IVUS done) 
Patient was mistakenly sent home with the message of having a false-positive X-test
and ‘normal coronary arteries’. 

-

Her X-test was real-positive however, due to very diffuse CAD in the LCA, related to her
familial dyslipidemia.  

RCA LCA
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Medical history: at 38 years hysterectomy (ovaria in situ)

Patient history:

Since 10 months patient has gradual increasing symptoms of chest pain during brisk walking,
climbing the stairs, cycling and at stress. She has radiation to the jaws and left arm, sometimes
between her shoulderblades. Her symptoms are relieved at rest. Gradually she has learned to
avoid heavy exercise. She is known with familial hypertension since15 years and has frequent
symptoms of hot flushes. She never smoked, had no pregnancies. Her father died (ACS) at 58
years. She has a busy job as an architect. Thus far, her symptoms have been attributed
to ‘menopause’, but she considers heart disease.
Medication use:  ARB and b-blocker for her hypertension.

A SPECT CCTA was performed. 

Patient B. Woman 53 years with typical angina 

X-test: 160Watt , MHR 95% norm (159/min), slight chest pain, non-significant ST-T changes with a blood
            pressure of 160/85 mmHg before the test, which was Interpreted as a ‘doubtful’ test.

ECHO: slight hypertrophy proximal septum, LV function normal, no regional wall abnormalities, no signs of
             LVH or diastolic dysfunction. 

ECG: sinusrithm 67/min, normal

Laboratory: Total cholesterol 5.2 mmol/l, HDL 2.2 mmol/l, TG 1.2 mmol/l, LDL 2.5 mmol/l
                     (using simvastatin 10mg)

Physical exam: BMI 23 kg/m2, RR 160/85 mmHg, auscultation normal

SPECT: reversible ischemia anterior-apical

CCTA: CAC50 (80th percentile), with > 70% lesion mid-LAD 
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before PCI-LAD after PCI-LAD

Discussion: At CAG a severe LAD stenosis was found, which was succesfully treated with
PCI + stenting with DES. Afterwards she is symptom-free using a statin, antiplatelet therapy
and triple medication for her hypertension 

Patient C: Woman 68 years with multivessel non-obstructive CAD (NOCAD)

Medical history:

Patient history: 

menarche at 18 years; menopause at 40 years
familial hypertension and dyslipidemia
age 58 : PCI-LAD
age 59 : re PCI-LAD
age 64 : PCI-RCX, iatrogenic dissection LM + stent
age 67  : CAG; NOCAD RCA, LAD, < 50% RCX, 95% small D1, conservative.
2× TIA during last 10 years  

Since her first PCI 10 years ago, symptoms of chest pain have never   disappeard . She often feels a
continuous, daily, nagging pain in her back and left arm, which  increases at exercise.  There is relief
with  short acting nitrates. Also symptoms of dyspnea, occuring  with minor exercise. She has hypertension
since many years, just like her parents had.  Positive family risk for CVD,  one brother has died at 58 years.
Sixteen years ago she quitted smoking. Uncomplicated prior pregnancies. Medication: ASA, statin, ACE,
B blocker, long-acting nitrates, calcium antagonist, antacids. 

Physical examination: BMI 30.4 kg/m2, RR 143/84 mmHg, at auscultation soft ejection murmur, no
                                       wheezingg or peripheral edema. 
Lab: normal (with statin)
ECG: SR 66/min, normal axis and repolarization
ECHO: EF 68%, grade 1 diastolic dysfunction
CAG: mid RCA 30%, RCX 30%, stents in LM and LAD good. Prox 70% stenosis small S1.

Comments: this patient has symptoms related to a combination of NOCAD, vascular dysfunction,
hypertension and age-related grade1 diastolic dysfunction. This should be treated with healthy lifestyle
behaviour and appropriate medication for her  blood pressure and anginal symptoms.

Gender differences in communication may hamper the early recognition of 
angina pectoris in women. Men usually report their symptoms in a direct way, while 
female patients ask more questions, present more and diverse symptoms and give 
more detailed histories of their activities [41]. Women’s communication is more 
likely to be emotional, subjective, polite, and self-revealing with more concern and 
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awareness for the feelings of others. This can be misleading to both female patients 
and their doctors in the correct interpretation of symptoms of IHD.

�Non-invasive Testing for IHD: Which Test to Choose 
for Individual Women

The classic Diamond & Forrester prediction risk model overestimates the chance of 
having obstructive (≥ 50%) CAD in women and has been updated in 2011 and 
incorporated in the 2013 ESC guidelines treatment of stable CAD (Fig. 2.5) [31, 
42, 43]. Especially in the age-group below 60 years non-invasive imaging tech-
niques should be used more often than invasive angiography. There is still no con-
sensus however for the optimal diagnostic pathway for IHD among the various 
guidelines in women [31, 44–46]. The 2013 ESC guideline advises stress imaging 
techniques (SPECT, stress echocardiography) when available as first test of choice, 
with a preference of non-radiation diagnostics in younger women [31]. The optimal 
classification criteria of patients into low- intermediate- and high risk categories is 
also still a matter of debate. The algorithm to classify symptomatic women in IHD 
risk categories is depicted in Table 2.2 [47–49]. The ESC has recently released the 
2016 EU guideline CVD prevention, containing four categories of risk patients 
(Fig. 2.6) [50].

In 2014 a consensus document for women with suspected IHD was published by 
the AHA, providing sex- and gender-specific evidence-based guidance to the clini-
cian in the use of diagnostic procedures [51]. In Table 2.3 the most important guid-
ance advice is summarized [52] and in Table  2.4 factors are described that may 
hamper the sensitivity of non-invasive testing in women. In the large PROMISE 
trial, performed in predominantly middle-aged patients (m/f) at intermediate IHD 

Typical angina Atypical angina Non-anginal pain

Age Men Women Women WomenMen Men

>80 93 76 47 3278 65

70–79 89 68 37 2469 54

60–69 84 58 28 1759 44

50–59 77 47 20 1249 34

40–49 69 37 14 838 25

30–39 59 28 10 529 18

Fig. 2.5  Clinical pre-test probabilities in patients with stable chest pain syndromes (ref 43)
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Table 2.2  Risk classification of symptomatic women

Low risk
when all present: optimal CVD 
health

•  Blood pressure 120/80 mmHg (untreated)
•  Normal lipid spectrum (untreated)
•  Normal glucose <6,5 mmol/L
•  BMI< 25 kg/m2

•  Non-smoking
•  Healthy diet/regular exercise
•  Age <45 years /premenopausal

Intermediate risk
presence ≥2 RF

–  Current smoking
–  SBP ≥128/80 mmHg, DBP ≥80 mmHg, or medication
–  Lipid abnormalities; T chol/HDL ratio >4, medication
–  Obesity, BMI ≥30 kg/m2

–  Unhealthy diet/ sedentary lifestyle
–  Metabolic syndrome (MetS)
–  Family: CVD in first degree relatives (<55 M; < 65 F)
–  Signs subclinical CVD (IMT; CAC etc.)
–  Systemic disease (SLE; RA, SLE, fibromyalgia)
–  Previous hypertensive pregnancy; gestational diabetes
–  Age ≥45 years., postmenopausal

High risk
presence ≥1 RF

�Documented CAD, previous coronary event
�Prior stroke
�Peripheral arterial disease (PAD)
�Aortic aneurysm
�Renal dysfunction (GFR < 30)
�(severe) diabetes mellitus
�10-years CVD risk ≥10%

Adapted from Douglas PS, et al., NEJM 1996; Mieres JH, et al., Circulation 2005; Mosca L et al. 
Circulation 2011; [47–49]

Very high risk Documented CVD, clinical or unequivocal on imaging. Documented clinical CVD 
includes previous AMI, ACS, coronary revascularization and other arterial 
revascularization procedures, stroke,  TIA, aortic aneurysm and PAD.
Unequivocally documented CVD on imaging includes plaque on coronary
angiography or carotid ultrasound. NOT included:  some increase in continuous 
imaging parameters such as CIMT.
DM with target organ damage such as proteinuria or with a major risk factor 
such as smoking or marked  hypercholesterolemia or hypertension.
Severe CKD (GFR <30 mL/min/1.73 m2).
A calculated SCORE ≥10%.

High risk Markedly elevated single risk factors, in particular cholesterol >8 mmol/L (>310
mg/dL)(e.g. in familial hypercholesterolemia) or BP ≥180/110 mmHg.
Most other people with DM (with the exception of young people with type 1 
DM and without major risk factors that may be at low or moderate risk).

Moderate CKD (GFR 30–59 mL/min/1.73 m2).
A calculated SCORE ≥5% and <10%.

Moderate risk SCORE is ≥1% and <5% at 10 years. Many middle aged subjects belong to this 
category.

Low risk SCORE <1%.

ACS  acute coronary syndrome          DM          diabetes mellitus 
AMI   acute myocardial infarction PAD        peripheral artery disease
BP     blood pressure SCORE   systematic coronary risk estimation
CKD  chronic kidney disease TIA          transient ischemic attack

Fig. 2.6  Risk categories 2016 ESC guidelines CVD prevention (Ref 50)
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risk, initial anatomical testing with computed tomographic angiography (CTA) or 
functional (exercise or pharmacological) testing with electrocardiography, nuclear 
stress imaging or stress echocardiography, did not show any differences in clinical 
outcomes over a median follow-up duration of 2 years [53]. However, at a closer 
sex-specific analysis women had a higher prevalence of traditional CVD risk factors, 
but were estimated to be at lower risk by their doctors [54]. Women were more often 
referred for nuclear imaging stress testing than men, but had fewer positive tests. 
Women seem to derive more prognostic information from a CTA, whereas men tend 
to derive similar prognostic value from both test types [55]. It is noteworthy that 
with the use of the current available diagnostic testing the full spectrum of 
manifestations of IHD is still underestimated in women [56].

In the initial clinical work-up of women at intermediate risk cardiologist 
should choose for imaging testing that is available and which they are accustomed 
with. Coronary angiography is indicated in women at intermediate or high risk 

Table 2.3  Guidance for ischemic heart disease (IHD) testing in women

1. � Non-obstructive CAD (NOCAD) is more common in women than in men. The presence of 
signs of ischemia in NOCAD predisposes to more adverse events

2. � Women have more atypical symptoms than men and these are more often provoked by 
emotional than physical stress

3.  Evaluate risk: low-intermediate-high risk. No further testing in low risk women
4.  Low risk: premenopausal, non-smoking and non-diabetic women

 � Intermediate risk: presence of several traditional RF
 � High-risk: PAD, (poorly controlled) diabetes mellitus, stroke or previous TIA, chronic 
kidney disease (CKD) and poor exercise capacity (<5 Mets)

5. � In intermediate risk women initial bicycle (treadmill) exercise (X) testing is first choice of 
testing

6. � In intermediate risk women who are unable to exercise, testing with CCTA, nuclear imaging, 
MRI or stress echo is preferred (depending on availability and preference)

7. � X- test interpretation includes: exercise capacity, chronotropic response, heart rate recovery, 
blood pressure course and ST- segment changes

8. � Post-stress test risk stratification (depending on test) is based on the extent and severity 
of inducible ischemia as well as detectable CAD, EF reduction and calcium score ≥400

Adapted from Mieres JH et al. [51, 52]

Table 2.4  Factors hampering 
the sensitivity of noninvasive 
testing for IHD in women

•	 Smaller diameter coronary arteries
•	 More diffuse pattern of CAD
•	 �NOCAD combined with coronary microvascular disease 

(CMD)
•	 �Hypertension, inducing ECG changes at rest and/or during 

X testing
•	 Cardiac co-morbidity (valvular disease/LVH) in the elderly
•	 �Insufficient exercise capacity at older age (& co-morbidity)
•	 False-positive x-tests in premenopause
Breast tissue artefacts (nuclear imaging)
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with functional disability and an abnormal rest-ECG or X-test. New developing 
non-invasive imaging modalities such as combined fractional flow reserve 
(FFR)-CT scans are promising for women by the combination of anatomical and 
functional testing [44, 57]. This also accounts for upcoming combined CTA-
PET imaging.

�Coronary Angiography, Fractional Flow Reserve and Elective 
PCI in Women

Invasive coronary angiography has more limited value in women, since they have 
more outward remodeling, NOCAD and functional IHD that is not well recognized 
at angiography. However, its diagnostic value increases with age and with a more 
classical symptom presentation of exercise-induced angina, mimicking the typical 
‘male’ pattern of symptoms. Comparable data from registries show that nearly two 
thirds of women with stable angina pectoris have (nearly) no abnormalities at 
angiography [13, 33, 58]. An important limitation of diagnostic angiography is the 
inability to assess the hemodynamic relevance of a coronary stenosis whereas the 
functional severity of a lesion can be easily over- or underestimated [28, 29, 59]. As 
a consequence, an incorrect indication for coronary angiography may also lead to an 
inappropriate percutaneous coronary intervention (PCI) or even coronary artery 
bypass graft (CABG). This is especially harmful for women, as they have more 
residual symptoms after coronary interventions than men [60–62]. The use of 
fractional flow reserve-guided PCI for stable IHD has improved outcomes in both 
genders [63, 64]. Fractional flow reserve (FFR) values are found to be higher in 
women after correction for visually assessed coronary anatomic severity. This may 
be (partly) caused by the more frequent presence of coronary vascular dysfunction 
in women [65]. It is currently discussed whether gender-specific guidelines in 
interpreting fractional flow reserve measurements are indicated [65, 66]. The use of 
IVUS and or optical coherence tomography (OCT) should be more applied in 
symptomatic women with NOCAD to characterize coronary plaques as strong 
arguments for adequate prevention and treatment [25, 46]. Outcomes after coronary 
stenting have improved in women with the new generations drug eluting stents 
(DES), which are more safe and effective on the long-term than bare-metal stents 
(BMS) [67].

Most common peri-procedural complication of coronary angiography or PCI is 
bleeding at the puncture site. This occurs more frequently in women, but less often 
with the transradial access [68, 69]. The latter may be more difficult to perform in 
women, due to spasm-related complications in the radial/brachial artery [70]. 
Besides the need to adapt dosages of anti-thrombotic agents to body surface are, 
there are also important sex differences in the thrombotic system that may account 
for the higher bleeding risk in women [71–73].
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�Non-invasive and Invasive Testing for Functional Ischemic 
Heart Disease

The presence of impaired (endothelial) vascular function without occlusive epicar-
dial disease presents as global dysfunction of the macro- and micro vascular coronary 
circulation. Flow-mediated vasodilatation (FMD) of the brachial artery is perhaps the 
most known technique to measure endothelial function, and involves measuring 
response of brachial artery diameter to secondary to hyperemia due to occlusion of 
the brachial artery [74]. It is associated with coronary artery endothelial function 
[75]. This test is of limited use however in the clinical setting for IHD detection.

Invasive measurement of vascular dysfunction involves imaging of vasomotor 
responses of epicardial coronary arteries and functional testing with acetylcholine 
infusion and measuring coronary flow reserve (CFR) during cardiac catheterization 
[74]. The main limitation of these techniques however is the invasive nature and 
potential harmful test in inexperienced hands, making it less applicable for wide-
spread use in cardiology practice. The Coronary Vasomotion Disorders International 
Study Group (COVADIS) has released a consensus statement as a guidance for 
coronary vasomotor disorders [76, 77]. The focus of this expert paper was vasospas-
tic angina, which occurs more often in (middle-aged) women than in men. In Tables 
2.5 and 2.6 the diagnostic criteria and interpretation of invasive coronary vascular 
testing are described. In many female patients at intermediate risk, with normal or 
near normal coronary arteries, having recurrent angina symptoms of presumably 
vasospastic origin, pragmatic treatment options may be chosen without additional 
invasive testing, see Patient D.

 
Patient D:
45 year old woman with recurrent angina symptoms due to hypertension with vascular
dysfunction/spasm

Migraine in her teens
Miscarriage first pregnancy
2× preeclampsia and 1 normal pregnancy
Premature hypertension
NSTEMI 5 years ago: normal coronary arteries (type II ACS)

Patient history: Her blood pressure has remained high since her pregnancies with recurrent episodes
of migraine. (without aura). Half a year ago she had severe chest pain and pain in both arms during
several hours after a stressfull confrontation with her parents. This kind of symptoms occur more often at
unexpected and stressful situations. Her blood pressure remains too high, despite combined medication
(ACE and calcium antagonist). Family: mother also has hypertension, father migraine. She never smoked.

Physical examination: BMI 23 kg/m2, RR 145/104 mmHg and 150/95 mmHg, auscultation normal

ECG: normal SR 56/min

ECHO: no structural abnormalities

Comments: young woman with premature hypertension and vascular dysfunction, that has acumulated
into a type II ACS 5 years ago. She has residual symptoms related to stress and  inappropriately treated
hypertension. After better treatment of her blood pressure with triple therapy of ARB, a selective B blocker
and diltiazem, she is currently without symptoms.

Medical history:
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Table 2.5  Diagnostic criteria for vasospastic angina

1. � Nitrate-responsive angina during spontaneous 
episode, with at least one of the following:

(a) �Rest angina—especially between 
night and early morning

(b) �Marked diurnal variation in exercise 
tolerance—reduced in morning

(c) �Hyperventilation can precipitate an 
episode

(d) �Calcium channel blockers (but not 
b-blockers) suppress episodes

2. � Transient ischemic ECG changes—during 
spontaneous episode in at least two contiguous 
leads:

(a) ST segment elevation ≥0.1 mV
(b) ST segment depression ≥0.1 mV
(c) New negative U waves

3. � Coronary artery spasm—defined as transient 
total or subtotal coronary artery occlusion 
(>90% constriction) with angina and ischemic 
ECG changes

(a) spontaneously or
(b) �after provocative stimulus (typically 

acetylcholine, ergot, or 
hyperventilation)

Adapted from Beltrame JF et al., Eur Heart J 2015 [76]

Table 2.6  Recommendations for invasive testing of coronary artery spasm

Class I (strong) History suspicious of VSA without documented episode, 
especially if:
•	 Nitrate-responsive rest angina, and/or
•	 �Marked diurnal variation in symptom onset/exercise 

tolerance and/or
•	 �Rest angina with non-obstructive coronary artery disease 

(NOCAD)
•	 Unresponsive to empiric therapy
ACS presentation in the absence of a culprit lesion
Unexplained resuscitated cardiac arrest
Unexplained syncope with prior chest pain
Recurrent rest angina following successful PCI

Class IIa (good) Invasive testing for non-invasive diagnosed patients 
unresponsive to medical therapy
Documented spontaneous episode of VSA to determine the 
‘site and mode’ of spasm

Class IIb (controversial) Invasive testing for non-invasive diagnosed patients responsive 
to Medical therapy

Class III (contraindications) Emergent acute coronary syndrome
Severe multi-vessel CAD including left main stenosis
Severe myocardial dysfunction (Class IIb if symptoms 
suggestive of vasospasm)
Patients without any symptoms suggestive of vasospastic 
angina

Adapted from Beltrame, JF et al. Eur Heart J 2015. [76]
ACS acute coronary syndrome, CAD coronary artery disease, VSA vasospastic angina
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�Medical Treatment of Stable Angina Pectoris in Women: 
Tailored Approach is the Key

In the 2013 ESC guidelines treatment stable CAD, no gender-specific advice is 
provided for the treatment of stable symptoms of angina [31]. Despite, from several 
surveys it is known that women are still undertreated for their symptoms and risk 
factors [78–80]. This is especially important as the traditional risk factors may serve 
as triggers for concomitant vascular dysfunction and insufficient treatment of these 
risk factors worsens future outcomes [17]. Women have more often side-effects of a 
variety of cardiovascular medications [81]. On the other hand, they tend to use more 
often (unproven) vitamin and herbal preparations, which is discouraged in the 2011 
AHA prevention guidelines in women [49]. When women present with chest pain at 
the general practitioner or emergency department, they are often directly treated 
with aspirin, even before the diagnosis IHD has been established. Primary preven-
tion with anti-platelet therapy in low risk women <65 years of age, does not protect 
against a first cardiac event and has not proven yet to be beneficial in predominantly 
functional driven IHD [49, 82]. In contrast, inappropriate anti-platelet therapy 
increases the risk for major bleeding. Most women benefit best from a tailored med-
ical approach for their cardiac symptoms and risk factors that are present. In younger 
symptomatic women, the threshold for systolic blood pressure should be preferable 
in the optimal range <120/80 mmHg [50]. With a low blood pressure, there is less 
oxidative stress as a trigger for (coronary) vascular dysfunction. Caution should be 
taken in the years after menopause, as total cholesterol and LDL levels rise with 
10–15% [83]. The use of calcium antagonists like diltiazem are often very helpful 
in treatment of persistent angina symptoms in women at middle-age (patient D). It 
may even be advantageous to combine this with a low-dose selective b-blocker to 
address autonomic dysfunction that is induced by menopausal hormonal changes 
[84, 85]. Other women with symptoms of fluid retention due to the enhanced post-
menopausal salt sensitivity may profit more from a combination of diltiazem and/or 
selective b-blocker with an ACE inhibitor or ARB antagonist.

�Surgical Treatment for Ischemic Heart Disease

Women have historically a greater short-term mortality with coronary artery bypass 
grafting (CABG) than men [86–90], however in hospital mortality rates in women 
are improving over the past decade [60, 91]. In general, women undergoing CABG 
are older than men with a higher clustering of CVD risk factors. The diffuse charac-
ter of atherosclerosis may be a reason for the use of fewer anastomoses and arterial 
grafts in women [90]. There is currently increasing attention for the high prevalence 
of heart failure with preserved ejection fraction (HFpEF) in elderly women, which 
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is an important and often neglected predictor of short-term and long-term outcomes 
after CABG [92–94]. It is therefore recommended to pay more attention to heart 
failure assessment pre- and postoperatively in CABG patients. After CABG women 
have a poorer health-quality of life than men, with less social support and fewer 
participation in cardiac rehabilitation programs [86].
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Abstract  The pathophysiology and clinical manifestation of acute coronary syn-
dromes (ACS) is different among men and women. Women more often have an ACS 
with ‘normal’ coronary arteries (MINOCA) than men. Despite, their mortality rates 
are two times higher. They also have more often variant types of ACS, such as spon-
taneous coronary artery dissections (SCAD) and a Takotsubo syndrome. Different 
types of ACS need a different approach in the acute phase and during the lifetime 
thereafter, which is still insufficiently addressed in the current guidelines.

Keywords  Acute coronary syndromes (ACS) • Bleeding risk • Gender mortality • 
Oral contraceptives • Menopause • Pregnancy • Spontaneous coronary artery dissec-
tions (SCAD) • Symptoms ACS • Takotsubo syndrome • Type II ACS • Vaginal 
bleeding risk

�The Role of Age and Gender

Over the past decades there has been a gradual rise in the number of women and 
men with ischemic heart disease (IHD). Currently, the greatest rise of IHD occurs in 
Asia and the Eastern European countries, predominantly related to ongoing 
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industrialization and a worsening of lifestyle habits [1, 2]. In Western countries, 
although smoking and elevated cholesterol rates are lower, younger women and 
men have greater metabolic CVD risk profiles than in prior decades [3], with an 
increase in acute coronary syndromes (ACS) at middle-age [4–6]. In general, 
women with an ACS are older than men, with a higher clustering of CVD risk fac-
tors [7]. In the younger age-group (<65 years), the risk for an ACS is 3–4 times 
higher in men compared to women, while after the age of 75 years sex differences 
in ACS numbers fade with a persistent modest predominance in men [8, 9]. Despite 
the lower prevalence of ACS in younger women with a less extensive burden of 
atherosclerosis than in similarly aged men, their ACS mortality rates are almost 
twice as high [10–15]. This discrepancy is called the ‘gender gap’ in ACS and is still 
incompletely understood. Young women with ST-segment–elevation myocardial 
infarction (STEMI) are less likely to receive reperfusion therapy and more often 
have reperfusion delays than similarly aged men [16–19]. Gender disparities are 
found to be more pronounced among patients transferred to percutaneous coronary 
intervention (PCI) institutions or in those who received fibrinolytic therapy [16].

There are important sex differences in risk factors and underlying pathophysio-
logical mechanisms of ACS, with a more diverse etiology of ACS in women com-
pared to men [20, 21]. Whereas in women <55 years of age current smoking is the 
leading (>90%) cause for an ACS, in elderly women (>65 years of age) traditional 
CVD risk factors are most important [8, 22]. In women with premature ACS a genetic 
inheritance and female-specific risk factors such as an early menopause and/or preg-
nancy-related complications can often be identified [23–28]. This may also account 
for co-morbidity with inflammatory diseases, such as rheumatic diseases, inflamma-
tory bowel diseases and thyroid disorders, which frequently occur in women in their 
forties [29] (see Fig. 1.4, Chap. 1, p18). The clinical relevance of these reproductive 
and non-traditional risk variables appears to dilute at older age. Depression, marital 
stress and psychosocial risk factors are relatively more important risk factors related 
to ACS in especially younger women than men [30–32]. Psychological stress acts 
more often as a trigger for ACS in women, while vigorous physical activity is more 
often a provoking trigger in men. Of interest is that the recurrence rate after a prema-
ture ACS seems to be related to feminine gender roles and personality traits (anxi-
ety), also when these characteristic are present in younger men [33].

In 2016 the AHA has launched its first scientific statement on ACS in women, 
summarizing our current knowledge on specific aspects of ACS in female patients 
[21]. Ischemic heart disease is a complex interaction between anatomical athero-
sclerosis and functional vascular dysfunction in both the macro- and microvascular 
coronary vessels, which often overlaps in stable and unstable coronary syndromes 
[34]. In younger women, coronary vascular dysfunction/spasm predominates over 
coronary obstruction, leading to distinct clinical and angiographic presentations of 
ACS and more often a type II ACS, which is predominantly driven by vascular dys-
function/spasm and triggered by traditional and non-traditional risk factors. Fewer 
women than men present with a STEMI whereas they have more often a non-STEMI 
(NSTEMI) or unstable angina [35–37]. In Table 3.1 most important gender-specific 
characteristics of ACS are described.
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�Gender-Differences in the Pathophysiology of Acute Coronary 
Syndromes

The advances in interventional cardiology over the past decades have literally visu-
alized important sex differences in the extent of coronary atherosclerosis and mech-
anisms that are involved in ACS. Considering all ages, plaque rupture (type 1 ACS) 
is the cause of fatal MI in 76% of men and 55% of women [38]. Below 65 years of 
age women have less obstructive CAD than men and more often an ACS with ‘open’ 
coronary arteries with spasm and vascular dysfunction as etiologic factors [38–41]. 
This has been referred to as a type II ACS in the most recent ESC/AHA 2012 defini-
tion of ACS [42]. Despite the associated adverse mortality, there is currently an 
ongoing discussion whether type II ACS should be more considered as myocardial 
injury rather than as a distinct infarction. With the introductions of high sensitive 
(hs) troponin measurements, type II ACS are currently twice as often recognized in 
women than before [43]. The ‘negative’ findings at coronary angiography (CAG) 
during ACS are now called ‘myocardial infarction with no obstructive coronary 
arteries’ (MINOCA), which has recently been discussed in an ESC position paper 
on MINOCA [44–46]. This occurs in 40% of predominantly younger female 
patients and their coronary arteries are often misinterpreted as being ‘clean’, while 
intracoronary non-obstructive plaques are frequently present and can be identified 
with intravascular ultrasound (IVUS) or optical coherence tomography (OCT) [41, 
47–50]. These plaques contain cytokines (vasoactive proteins) that may induce vas-
cular dysfunction and/or spasm in the larger and smaller coronary arteries , present-
ing in patients as a type II STEMI or NSTEMI [51, 52]. The wrong labeling of these 
ACS as being ‘false positive’ may lead to under-treatment of cardiac symptoms and 
risk factors in women. From pathology studies it is known that younger patients and 
especially women more often have erosive plaques compared to the classical 

Table 3.1  Gender-specific characteristics of acute coronary syndromes (ACS).

•	 Women with ACS are older than men with a higher clustering of traditional RF
•	 25–30% all ACS <65 years occur in women
•	 Smoking women <55 years have a 2× higher relative risk of ACS than men
•	 Among patients with ACS diabetes is more common in women than men
•	 Women have more often a type II ACS < 65 years than men
•	 Women have a longer patient and doctors delay when having an ACS
•	 Women have more often erosive plaques than plaque ruptures compared to men
•	 Women more often have an ACS with ‘open’ coronary arteries than men
•	 �10–25% ACS in women <65 years are caused by a spontaneous coronary artery dissection 

(SCAD)
•	 > 90% of SCAD occur in women
•	 10× often Takotsubo ACS in women than in men, especially after 60 years
•	 Women have fewer STEMI, but relatively more NSTEMI and unstable angina
•	 Two times higher mortality STEMI and NSTEMI in women over men <60 years

Adapted from: Pagidipati NJ, et al. [14] and Regitz-Zagrosek V et al. [20]
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atherosclerotic plaques that are present in type I ACS [38, 53, 54]. A dysfunctional 
intima of erosive plaques can induce distal embolization of small thrombi leading to 
obstruction and necrosis in focal myocardial areas [38]. This can cause elevation of 
hs-troponins without visible abnormalities at coronary angiography. At older age 
(>65 years) type I ACS is also the predominant manifestation of ACS in women. 
Coronary plaque ruptures are more often associated with thrombus formation in 
women than in men [55]. Age- and sex-related differences in the thrombotic system 
interfere with the clotting cascade and thrombocyte function within the various 
manifestations of ACS [56].

�Symptom Recognition of Acute Coronary Syndromes 
in Women

Differences in underlying pathophysiology importantly contribute to another clini-
cal presentation of ACS in women compared to men. When vascular dysfunction/
spasm is an important component of ACS, as is often the case in younger women 
(<65  years), symptoms can vary over time in a crescendo-decrescendo pattern 
(patient A). This can be very misleading in the interpretation of symptoms by the 
patient herself and her doctor. This ‘atypical’ ACS presentation can delay adequate 
referral to a hospital for several hours or even days [57, 58]. Another barrier for 
timely referral to the hospital is de lack of awareness in women themselves [59]. 
The more direct way of symptom expression in men is more accurate and helpful in 
emergency medical situations. Women tend to ‘interpret’ their symptoms, while 
men ‘report’. In elderly (>65 years) women with multi-vessel disease, the concomi-
tant presence of diastolic dysfunction or heart failure with preserved ejection frac-
tion (HFpEF), can lead to an ACS presentation with acute decompensated heart 
failure as the predominant clinical symptom. The most common symptoms when 
having an ACS in women and men are listed in Table 3.2, with women having more 
atypical symptoms than men. It is noteworthy to realize that there are often 

Table 3.2  Gender differences in symptom presentation during acute coronary syndromes (ACS)

Symptoms Women Men

•	 Acute tight pressing chest pain, squeezing, with radiation to the jaw, left 
upper arm or both arms

++ +++

•	 Chest pain, radiation to the throat, left armpit, between shoulder blades, 
neck, upper abdomen

+++ +

•	 Crescendo/decrescendo character of symptoms (h/days) +++ −/+
•	 Dyspnea, unusual shortness of breath, lightheadedness +++ +
•	 ‘Flu’-like symptoms, nausea, vomiting, sweating, dry mouth +++ ++
•	 Anxiety, panic, confusion, scaring distress +++ +
•	 Tiredness, unusual fatigue, feeling of exhaustion, weakness, dizziness +++ +

Adapted from: Mehta LS et al. [21] and Canto JG et al. [61]
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overlapping symptoms among both genders and that ACS diagnosis always includes 
a rapid evaluation of lifestyle and risk factors [60]. Women more often than men 
report no chest pain at all (37% versus 27%) during ACS, most frequently in patients 
at older age (>75 years) and in diabetics [61, 62]. This is an important reason why 
there is still a longer patient-delay in the elderly in seeking medical care after onset 
of ACS-associated symptoms [63]. Women may experience a period of extreme 
tiredness, even exhaustion, prior to their ACS [64]. In the ARIC study it was found 
that silent myocardial infarctions occur in 45% of all ACS, more often in men than 
women, but with a poorer prognosis in women [65].

 

�Management of ACS in Women

Most important determinants for a failure to diagnose ACS at the emergency depart-
ment (ED) are female gender <55 years, the absence of chest pain, a (near) normal 
ECG and ethnic diversity [66, 67]. In NSTEMI-ACS it is established that an early 
invasive strategy results in better survival in men but not in women [68–71]. However, 
data from different ACS registries such as CRUSADE and the Get With the 
Guidelines (GWTG) initiatives in the USA and MINAP in the UK suggest that the 
early mortality in women is not sex-dependent but predominantly related to less 
frequent use of evidence-based care, such as lower CAG use [72, 73]. In women with 
NSTEMI, cardiac hs-troponins are less likely to be elevated and the ECG is more 
often non-diagnostic than in men. These facts may lead to a preferential referral of 

Patient A.  Symptom presentation in 44 year old woman with type II ACS
On her work as a nurse she suddenly experienced symptoms of nausea and a pressing chest 
pain with radiation to the left jaw. This happened after assisting in a resuscitation of a young 
patient. In the prior 1-2 weeks she had felt more tired and exhausted than ever before. 
She was known with (untreated ) familial hypertension for several years, no other risk 
factors. While cycling home after work she still had a continuous pressure on her chest. At 
home her symptoms almost disappeared, but these returned a few hours later when she 
went up the stairs to bed. The next day her chest pain came back with a feeling of 
exhaustion. She doubted whether her symptoms may be heart-related and decided to call 
the GP, who sent her immediately to the hospital. During the afternoon she has on and off 
chest pain with ST-T changes on her ECG and elevated hsTroponins. 

She went to the cathlab for an emergency CAG: no abnormalities were found
The next day she was sent home with the message that ‘nothing was wrong’, but she was 
prescribed  5 different medications (2 platelet inhibitors, statin,  B blocker and ACS 
inhibitor). During the weeks thereafter she still had recurrent symptoms of chest pain, 
tiredness and dyspnea and many side effects of her medication. 
It took another 6 months before her symptoms completely disappeared with the use of an 
ARB, B-blocker and calcium antagonist for treatment of her severe hypertension. During her  
hospital stay little attention was given to her bloodpressure, which was often around 
170/100 mmHg. 
Comment: premature hypertension can induce coronary vascular dysfunction and promote  
te occurrence of a type II ACS in young women.
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women with suspected NSTEMI to hospitals without cardiac catheterization facili-
ties, adding further delay to diagnosis and treatment. Recent studies have shown that 
there is still a less aggressive (invasive) management approach in women with ACS 
compared to men, also after correction for the severity of underlying CAD [17, 37, 
74]. At discharge and by the end of 1 year post ACS fewer women than men receive 
standard medication, especially when they are young and had MINOCA [75, 76].

�Bleeding Risk in Women During and After Coronary 
Interventions

Women have a more than two times higher bleeding risk after (acute) coronary 
interventions [77, 78]. This is closely related to their higher in-hospital and one-year 
mortality. The risk of bleeding following PCI is higher among elderly women, in 
patients with a low body weight, impaired renal function, and with the administra-
tion of multiple antithrombotic drugs [79]. Women also have more bleeding compli-
cations after thrombolytic therapy [80]. Using the transradial access for coronary 
interventions reduces the incidence of peri-procedural bleeding complications and 
improves clinical outcomes [81]. However, because of the smaller size of the radial/
brachial artery with a higher risk of spasm and bleeding, this approach may have 
more difficulties in women [82, 83].

�Vaginal Bleeding Risk in (Premenopausal) Women 
with Antiplatelet Therapy

With the increase in ACS at middle-age, pre- and perimenopausal women are treated 
with (dual) platelet therapy (DAPT) including acetylsalicylic acid and clopidogrel 
(or ticagrelor) for a longer period of time. This can induce excessive uterine bleed-
ing and even anemia, which is especially harmful when the coronary circulation is 
compromised [84]. Heavy menstrual bleeding is common in women in their forties 
and may have a variety of underlying causes that require different treatment options. 
Clinical symptoms of dyspnea and tiredness are often not recognized as being 
caused by excessive uterine bleeding. Moreover, the majority of cardiologist and 
other vascular specialists do not ask questions about menstrual status or disorders. 
See the case of patient B. Importantly, the use of combined oral contraceptives to 
reduce menstrual bleeding is relatively contraindicated in patients with established 
CAD (unstable angina, ACS, NSTEMI, STEMI, PCI, CABG) because of the 
increased risk of myocardial infarction and thrombosis [85, 86]. The use of levo-
norgestrel releasing intra uterine system (LNG-IUS), endometrial ablation or hys-
terectomy are alternative options, depending on the gynecology advise. Post ACS 
antithrombotic therapy may also induce bleeding in postmenopausal women, which 
is always an indication for consultation of a gynecologist. 
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�Spontaneous Coronary Artery Dissections (SCAD)

Spontaneous coronary artery dissection (SCAD) is a relative rare manifestation of 
ACS (1.2–2%), of which more than 90% occur in women between 45 and 65 of age 
[87–89]. In young women its prevalence is estimated at >10% in women <50 years, 
up to 25% in all women <65 years with ACS (see patient C) [87, 90–92]. A SCAD 
may also (rarely) occur during pregnancy or in the postpartum period, with a preva-
lence estimated at 1.8  in 100,000 pregnancies [93–95]. Provoking stressors for a 

Patient B. Woman 48 yrs with abnormal uterine bleeding after re-PCI 

• Medical history: OHCA* at STEMI 1 year ago, treated with PCI-LAD + DES**. 
EF afterwards < 35%, followed by preventive  ICD-implant.

• Risk factors: quitted smoking after ACS, hypertension first pregnancy, positive fam. history

• Patient history: since ACS 6 months ago she is increasingly tired, with 12 kg weight gain and dyspnea
at the slightest exercise, however no chest pain.  

• Medication: acenocoumarol, clopidogrel 75 mg, long-acting nitrates, furosemide 80 mg,
spironolacton 25 mg, metoprolol 100mg, perindopril 4 mg, simvastatin 20mg  

• Physical examination: BMI 25.9 kg/m2, dyspnea and tachypnea while talking,
RR 140/90 mmHg, pulse 92/min regular, at auscultation no murmurs or crepitus, slight ankle edema.

• Laboratory: Hb 8.0 mmol/L. Ureum 6.5 mmol/L, creat 77 µmol/L, T chol 4.3 mmol/L, HDL 1.4
mmol/L, LDL 2.2 mmol/L,TG 1.6mmol/L, TSH 2.30   

• ECG: SR 92/min, intermediate axis, signs of previous anteroseptal  myocardial infarction 

• Her symptoms were first interpreted as the consequence of her previous ACS.
(‘you will have to live with it’)

2D ECHO with anteroapical scar and EF 35% CAG with severe proximal lesion
large D1 branch

At second opinion her symptoms were interpreted as ongoing ischemia, for which a new CAG
was performed.  Panel C shows a significant lesion proximal in a large diagonal branch,
which was stented with success.

She recovered fast from her symptoms, but 2 weeks later she had a severe vaginal bleeding,
due to the combined use of acenocoumarol and clopidogrel. Hb was 5.3 mmol/L. She
recovered after blood transfusion and an endometrium ablation by her gynecologist.

a b c
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SCAD may be emotional, extreme physical exercise, but also coughing, vomiting 
and heavy lifting. In the majority of SCAD patients a sudden coronary tear is found 
in the intima of the LAD (60%), followed by the RCA (26%), RCX (19%) and 
rarely in the LM (9%) (Figs. 3.1 and 3.2) [96]. A SCAD can also be caused by an 
intramural hematoma in the media of the vessel wall, with or without an intimal flap 
[94, 97]. Compression of the coronary artery by the false lumen or by a dissecting 
flap causes obstruction or restriction of flow within the true lumen, resulting in 
myocardial ischemia or an ACS.  The clinical presentation may vary between 
STEMI, NSTEMI, unstable angina or sudden cardiac death. The diagnosis of SCAD 
can easily be missed, even in experienced interventional centers, as there are differ-
ent angiographic features of SCAD that are often interpreted as caused by athero-
sclerosis [87, 98]. With intracoronary imaging with IVUS or OCT, the true and false 
lumen can be distinguished from each other, but these manipulations in vulnerable 

Intima tear

Thrombus formation

Intima flap
compressing TL

TL

FL

Fig. 3.1  Spontaneous coronary artery dissection (SCAD). TL true lumen, FL false lumen
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Fig. 3.2  Involved coronary artery in SCAD
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and hemodynamically instable young coronary arteries can be harmful and may 
lead to secondary iatrogenic dissections.

Elevated family risk CVD, non-smoking, normal weight, no other risk factors.

Patient C. Female patient 46 yrs with SCAD LAD before (A) and after (B) PCI with DES.

a b

DES    drug eluting stent
LAD     left anterior descending artery
PCI      percutaneous coronary intervention
SCAD  spontaneous coronary artery dissection

In several large registries of SCAD patients, an underlying fibromuscular dysplasia 
(FMD) can be the causative factor, with prevalence estimates in case-series varying 
from 20 to 72% (Fig. 3.3) [87, 89]. Fibromuscular dysplasia has several angiographic 
features of coronary artery lesions (smooth stenosis, segmental ectasia and tortuosity) 
that are often not recognized as such (Fig.  3.4) [99, 100]. In one third of SCAD 
patients, pre-existent hypertension is present and in 15% signs of atherosclerosis may 
be involved. In a low percentage of patients (2–8%) mixed connective tissue disor-
ders, such as Ehlers-Danlos and other inflammatory diseases are reported. Only a 
minority of SCAD patients undergo genetic testing and when performed pathogenic 
mutations are not frequently found [101]. Given the heterogeneity of this disorder and 
the relative low prevalence, there are no evidence-based management guidelines yet. 
When the flow in the dissected artery is higher than TIMI II, a conservative approach 
is preferred [90]. Coronary stenting may further enlarge the dissection and often leads 
to more residual symptoms afterwards [102]. It is assumed that most SCAD lesions 
resolve within 3  months. It is still unclear for how long antithrombotic treatment 
should be administered and there is no evidence that the use of statins is beneficial in 
SCAD patients when having normal lipid values. Despite, many young women are 
sent home with the identical ‘big five’ medication as a 85 year old man with severe 
three-vessel disease. This often leads to frustration in younger women who already 
have a low adherence to long-term medical therapy [76]. The use of beta-blockade 
reduces arterial shear stress and is (temporarily) advised after SCAD and for pro-
longed time when hypertension is present [103]. In patients with residual symptoms 
long-acting diltiazem is often more effective than a beta-blocker.
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a b

c d

Dissection

Smooth narrowing

Intramural
hematoma

Tortuosity

Fig. 3.4  Angiographic manifestations of FMD in coronary arteries. Adapted from: Michelis KC 
et al. [99]

Fig. 3.3  Female patient 48 years with NSTEMI. Fibromuscular dysplasia (FMD), represented as 
a smooth stenosis with luminal compression proximal in the LAD
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There is no standardized work-up in patients after SCAD although it is recom-
mended to perform genetic testing for the most common types of mixed connective 
tissue diseases. Given the relatively high prevalence of FMD in SCAD patients it is 
advised to perform a CT angiography or MRI of the renal arteries [99, 104]. The 
recurrence rate of SCAD varies between 10 and 17% [102]. It has been suggested 
that the degree of tortuosity in the coronary arteries may be a prognostic indicator 
of SCAD recurrence, but this has not been confirmed by others yet [105].

�Takotsubo Cardiomyopathy (Apical Ballooning Syndrome, 
‘Broken Heart’ Syndrome)

Takotsubo cardiomyopathy (TTC), first described in 1990, is a unique predomi-
nant female type of ACS characterized by the presence of transient LV wall dys-
function without any significant culprit lesion in the epicardial coronary arteries 
(Fig.  3.5) [106, 107]. In the majority of cases (>70%) severe emotional-stress 
acts as a triggering event, resulting is a high-dose catecholamine exposure that 
induces acute apical LV dysfunction [108, 109]. TTC is nowadays more often 
recognized than before and occurs in 2–3% of all ACS patients, with a predomi-
nance (>90%) in postmenopausal women above 60 years of age [110]. Women 
have an increased response to adrenergic stress after menopause which may con-
tribute to their increased risk of TTC [111]. Lower estrogen status in postmeno-
pausal women may lead to an impairment in vasodilating and vasoconstrictive 
reactivity in the microvascular coronary system, resulting in an increased respon-
siveness to sympathetic activity [112]. In IVUS studies in classical TTC patients 
no signs of obstructive CAD are seen [113]. In the International Takotsubo 

Fig. 3.5  Stress-induced (‘tako-tsubo’) cardiomyopathy. Adapted from: Teraoka K et  al. 
Circulation. 2005;111:e261–e262
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Registry it was found in 1750 patients (90% women) that emotional triggers were 
not as common as physical triggers (27.7% vs. 36.0%) and that 28.5% of patients 
had no evident trigger at all prior to their ACS [114]. Rates of neurologic or psy-
chiatric disorders were higher (55.8% vs. 25.7%) compared to patients with stan-
dard ACS.  In 4% of patients a ‘happy’ emotional event served as a trigger for 
TTC-ACS, in these cases named as the ‘happy heart syndrome’ [115]. In 20% of 
patients in this cohort more atypical presentations of TTC were noticed, charac-
terized by a younger age of onset, more frequent presence of ST-segment depres-
sion, a higher prevalence of neurologic diseases, less pronounced reduction in 
left ventricular ejection fraction, and lower brain natriuretic peptide values on 
admission [116]. In general, ECG changes in TTC are comparable with other 
causes of ACS with a relatively smaller increase in creatinine kinase and hs tro-
ponin in proportion to the degree of LV dysfunction. A low serum N-terminal 
brain natriuretic peptide (NT-proBNP) at admission is a reliable indicator of a 
favorable prognosis [107]. Cardiac catheterization is still necessary for definitive 
differentiation between TTC and other causes of ACS and echocardiography or 
MRI plays a key role in diagnostic and follow-up assessment. A remarkable 
recovery of systolic LV function is mostly seen within days/weeks after acute 
onset. In clinical practice it may be difficult to differentiate between a TTC and 
standard ACS, as is showed in patient D. The use of ACE inhibitors or ARBs after 
TTC significantly reduces 1-year mortality rates, while this has not been estab-
lished for the use of beta-blockers [114]. It is unknown yet whether prolonged use 
of platelet inhibitors and statins may prevent recurrence (0–11.4%) of 
TTC. Complication rates and mortality in general are comparable between TTC 
and standard ACS.

Medical history:
Known with moderate hypertension, never smoked. Very active for her age.
Negative family history of CVD, T cholesterol 4.6 mol/L, BMI 23.

Patient history: Yesterday evening at 18 hrs acute onset of chest pain, pressing
and ongoing crescendo/decrescendo character with symptoms of nausea,       
vomiting and sweating. Radiation to the left armpit. She had worked all day in the
garden and visited her husband in hospital. Two weeks ago she had comparable  chest 
pain symptoms, of short duration, without radiation. These symptoms were not 
provoked by exercise of emotions. She had a  stressful period with a husband having
progressive dementia. He was hospitalized 2 days ago.

Medication at admission: Losartan 50 mg; Hydrochloorthiazide 25 mg

Comments: longer duration of stress affects blood pressure negatively and sudden 
events can induce a Takotsubo ACS. The angiographic features are compatible with a 
TTC. It may be difficult however to discriminate between a type II ACS. 

Patient D: Woman 72 years withTakotsubo ACS (or type II ACS?) 
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ECG at admission: STEMI distal anterior leads

After 12 hrs, with slight residual chest pain
CK                        265 445  U/L

hs-Troponin         360 558  U/L

At CAG:

No focal CAD
LV: locally apical dyskinesia

RCA LCA

LV angio
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�Acute Coronary Syndromes in Pregnancy

As IHD onset occurs at a younger age combined with a rise of maternal pregnancy 
age, the number of ACS during and immediately after pregnancy is increasing [117]. 
Estimated maternal death rates due to IHD vary between 5 and 20% [118, 119]. The 
incidence of pregnancy-related ACS is currently estimated at 1:16,000–32,000 
deliveries.

Although patient series are not consistent, traditional CVD risk factors, ele-
vated family risk and smoking account for the majority of atherosclerosis-related 
ACS during and after pregnancy, whereas spontaneous coronary artery dissection 
(SCAD) occur relatively more often around delivery and in the early postpartum 
period [93, 120]. Pregnancy-related ACS can occur during all stages of gestation 
and present most often as a STEMI. A SCAD may be associated with high proges-
terone levels during pregnancy with subsequent structural changes in the collagen 
of the vessel wall combined with a higher prothrombotic state. Severe post-par-
tum bleeding with or without administration of ergonovine-like medication may 
lead to coronary vasospasm and a type II ACS. Cornerstone of the diagnosis ACS 
in pregnancy or puerperium is similar as in non-pregnant women, consisting of 
chest pain symptoms, dynamic ECG changes and elevated hs-troponins [121]. 
Timely diagnosis of ACS in pregnancy may be hampered by frequently occurring 
symptoms during pregnancy itself, such as dyspnea and extreme tiredness. Main 
differential diagnoses of acute ischemic chest pain are preeclampsia, acute pul-
monary embolism and aortic dissection. In STEMI it is advised to do a CAG at a 
skilled lab with PCI facilities to perform an intervention when indicated. The 
radial access site is preferred for lower radiation and bleeding risk and the type of 
PCI is not different from non-pregnant women and depends on the findings at 
angiography.

�Pregnancy in Women at Increased Cardiovascular Risk

In women with preexisting IHD, the risk of a subsequent pregnancy depends on 
higher maternal age, residual ischemia, LV function <40% and medication use [122, 
123]. It is therefore strongly advised to apply preconception counseling in women 
at increased risk and to advise them according to the 2011 ESC guidelines during 
pregnancy [121]. Pregnancy should be strongly discouraged in women with severe 
left ventricular dysfunction (LVEF  <  30%, NYHA III–IV) and in women with 
symptoms and signs of ischemia. In women after a previous IHD event, the use of 
acetylsalicylic acid and beta -blockers is safe during pregnancy, but the use of 
almost all other preventive cardiac medications should be (temporarily) interrupted. 
This should be well discussed before gestation.
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Chapter 4
Stable Ischemic Heart Disease Beyond 
Stenoses: Coronary Microvascular 
Dysfunction

Suzette Elias-Smale

Abstract  At least half of (predominant) female patients with recurrent angina, 
without signs of obstructive CAD, have underlying coronary microvascular dys-
function (CMD). Especially when signs of ischemia are present, this syndrome has 
an adverse prognosis. Patients with CMD have a characteristic symptom presenta-
tion, with a variety of traditional and non-traditional risk factors. Diagnostic testing 
and treatment are still a challenge, with much room for improvement.

Keywords  Cardiac syndrome X • Classification CMD • Coronary flow reserve 
(CFR) • Coronary microvascular disease (CMD) • Coronary reactivity testing (CRT) 
• Intravascular ultrasound (IVUS) • Microvascular angina • Non-obstructive CAD 
(NOCAD) • Transthoracic Doppler echocardiography (TTDE) • Vasospasm

�Background Stable Angina Without Obstructive 
Coronary Artery Disease

Evolving knowledge regarding sex differences in ischemic heart disease (IHD) has 
emerged over the last decades. Prevalence, symptom manifestation, and pathophysi-
ology for IHD vary between women and men. Paradoxical sex differences are 
observed where women have more often non-obstructive coronary artery disease 
(NOCAD) and yet greater rates of myocardial ischemia and mortality than men [1, 
2]. These differences are associated with women’s smaller coronary arteries, higher 
coronary blood flow, and higher endothelial shear stress, which have major effects 
on endothelial function and the distribution of coronary atherosclerosis [3].

Approximately 60–70% of women versus 30% of men undergoing a clinically 
indicated coronary angiography for suspected stable IHD do not have obstructive 
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CAD [4]. These rates are especially high in women below 60 years of age, in which 
up to 80% of women have (near) normal coronary arteries [5]. In these patients, 
endothelial and/or microvascular dysfunction, and many other processes (e.g. 
coronary spasm or myocardial bridging), may contribute to myocardial ischemia [6, 
7]. In 80–100% of such patients, atherosclerosis was observed in the coronary arter-
ies using intravascular ultrasound (IVUS) [8, 9]. This suggests that atherosclerosis 
might be linked to these other mechanisms, especially to endothelial and coronary 
microvascular dysfunction (CMD). This broadens our traditional concepts of coro-
nary atherosclerosis to be not only involved in obstructive CAD, but also in dysfunc-
tion of the coronary epicardial vessels and microcirculation (See Fig. 2.3, Chap. 2).

It is estimated that at least half of patients with IHD without obstructive CAD have 
underlying CMD [10]. However, particularly in women, complex interactions of dif-
fuse epicardial coronary narrowing and CMD often make a definitive underlying diag-
nosis difficult. The previously used term ‘cardiac syndrome X’, revealing the puzzle 
this condition has been given many physicians over the last decades, is now obsolete.

In contrast to what was previously thought, large prospective studies indicate that 
patients with NOCAD, especially when ischemia is present, do not have benign 
cardiovascular outcomes, but an increased risk of myocardial infarction, heart fail-
ure, stroke and cardiovascular and overall mortality [4, 11–15].

�Coronary Microvascular Dysfunction

The primary task of the coronary microcirculation, which comprises 90% of the 
coronary circulation, is to match coronary blood flow supply and myocardial 
demand by processes involving endothelial and non-endothelial dependent vasore-
activity of the small (pre) arterioles [16]. Dysfunction of the microvasculature can 
lead to ischemia by limited microvascular vasodilator capacity or inappropriate 
vasoconstriction [17].

In 2007, Camici and Crea proposed original clinical and pathogenic classifica-
tions of CMD [18]. Accordingly, CMD was classified into four main types on the 
basis of the clinical setting in which it occurs: (1) CMD in the absence of myocardial 
diseases and obstructive CAD, (2) CMD in myocardial diseases, (3) CMD in obstruc-
tive CAD, and (4) iatrogenic CMD. Furthermore, they proposed that several patho-
genic mechanisms can contribute to CMD and their importance varies in different 
clinical settings, although many of them may coexist in the same condition (Table 4.1).

In this chapter, we will focus on type I CMD while it typically occurs in women 
and is the most challenging condition regarding proper diagnosis and treatment.

�Symptom Evaluation in Coronary Microvascular Dysfunction

In patients with microvascular angina, chest pain is frequently provoked by exer-
cise, resembling ‘classical’ stable angina caused by severe epicardial vessel narrow-
ing. However, the presence of CMD is more likely if there is a variable threshold of 
physical activity that provokes angina, if the chest pain persists for several minutes 
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after effort is interrupted and/or whether there is slow or poor response to nitroglyc-
erin [19, 20]. In addition to exercise induced angina, (prolonged) chest pain at rest 
and or at night/early morning is often reported, which may be provoked by vaso-
spasm [21, 22]. Also, low heart rate activities such as mental arousal, or palpitation 
are more common triggers of angina than in patients with obstructive atherosclero-
sis [23]. In many patients, dyspnea at exertion is also reported an equivalent of a 
disturbed oxygen demand, with a general feeling of tiredness and loss of energy (see 
patient example) (Table 4.2). Microvascular angina has now been incorporated in 
the 2013 European Society of Cardiology (ESC) guidelines on management of sta-
ble CAD [20].

�Risk Factors for Coronary Microvascular Dysfunction Type 1

Common cardiovascular risk factors such as hypertension, dyslipidemia, diabetes 
mellitus, and smoking are also known to be involved in CMD [18]. Most CMD type 
1 patients have multiple ACSVD risk factors, despite data suggesting that a poor 
relation exists between these risk factors and CMD severity [24]. Female-specific 
cardiovascular risk factors (e.g. gestational diabetes and hypertension, pre-
eclampsia, HELLP syndrome) and non-traditional risk factors, such as migraine and 
chronic inflammatory rheumatoid diseases are more commonly seen in women than 
in men. It is assumed that CMD may be the key mechanism involved in accelerated 
atherosclerosis in chronic inflammatory diseases [25, 26].

Table 4.1  Types of CMD, adapted from Camici and Crea NEJM 2007 [18]

Type of MCD Description

Primary MCD: MCD in the 
absence of obstructive CAD 
and myocardial disease

This type is related to traditional cardiovascular risk factors. 
Both endothelial dependent and non-endothelial dependent 
vasoreactivity plays a role

MCD in myocardial disease This type is sustained by adverse remodeling of intramural 
coronary arterioles and found in primary and secondary 
cardiomyopathies

MCD in obstructive CAD This type accompanies stable CAD or ACS
Iatrogenic MCD This type occurs after PCI and seems to be caused by distal 

embolization and or vasoconstriction

Table 4.2  Symptoms 
of CMD

Exertional angina (‘typical’ angina)
Angina provoked by a variable threshold of physical activity
Angina persisting for minutes to hours after exertion is interrupted
Angina at rest and or at night/early morning
Angina triggered by palpitations or mental arousal
Poor/slow response to nitroglycerin
Dyspnea at exertion
Tiredness/loss of energy (can also be reported on the day after a 
busy day)
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�Diagnostic Testing of Coronary Microvascular Dysfunction

The diagnosis of CMD requires the exclusion of obstructive CAD by coronary com-
puted tomography angiography (CTA) or coronary angiography (CAG). Since 
women often express a more diffuse pattern of atherosclerosis instead of stenotic 
disease, It is important to not merely focus on significant anatomical stenoses (com-
monly defined as >50% luminal narrowing) [1]. Excluding the hemodynamic rele-
vance of evident coronary plaque—yet without the appearance of stenosis—by 
fractional reserve measurement (FFR) may be helpful in selected patients before 
making a diagnosis of microvascular disease as the most probable cause of the 
patient’s symptoms [27].

Apart from exclusion of hemodynamic relevant epicardial CAD, attempts should 
be made to obtain objective evidence of CMD. The diagnosis can be established if 
a symptomatic patient has normal or non-obstructed coronary arteries by arteriogra-
phy (coronary CTA or CAG), but with objective signs of cardiac ischemia (e.g. ST 
segment depression on exercise ECG, ischemic changes by myocardial perfusion 
imaging). It is of note that in CMD patients wall motion abnormalities usually can-
not be induced during dobutamine stress echocardiography [28].

Since ischemia cannot always be detected by commonly used methods in cardi-
ology practice, diagnostic tests for CMD are focused on the evaluation of coronary 
vascular function. Invasive coronary reactivity testing (CRT) using vaso-active 
agents to evaluate macrovascular and microvascular responses is still considered the 
reference standard for a definitive diagnosis of CMD [29]. During invasive coronary 
angiography non-endothelial mediated vasoreactivity is tested by measurement of 
coronary flow reserve (CFR). This is defined as the ratio of hyperemic myocardial 
blood flow, as induced by administration of adenosine or dipirydamole, divided by 
resting flow. A CFR ≤ 2.5 is indicative of coronary microvascular dysfunction. In 
both symptomatic men and women, a CFR < 2.0 has been shown to be an important 
predictor of adverse outcomes [13]. Endothelial dependent microvascular function 
is tested by injection of acetylcholine. A reduction of coronary blood flow >50% in 
response to high dose acetylcholine is regarded as abnormal endothelial microvas-
cular function. In extent, acetylcholine, in different dosages, is used to assess mac-
rovascular endothelial function and micro- and macrovascular vasospasm. 
Furthermore, non-endothelial macrovascular function is tested using nitroglycerin 
[29]. Invasive coronary reactivity testing is a very complete and thorough study of 
macro- and microvascular coronary (dys)function, and an invasive established diag-
nosis of CMD has been associated with a worse outcome [13, 30, 31]. Despite, this 
test is not routinely performed for a variety of reasons, including a lack of standard-
ized protocols and concerns over catheterization laboratory time and safety. Several 
studies, however, have shown this method to have acceptably low complication rates 
and recently guidelines have been published for vasoreactivity testing [29, 32, 33].

In recent years, technological advances have led to the development of several 
non-invasive imaging techniques that allow sufficiently reliable measures of 
CMD. Using transthoracic Doppler echocardiography (TTDE), CFR can be assessed 
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by measuring diastolic coronary blood flow in the left anterior descending (LAD) 
coronary at peak vasodilatation and at rest. Although this technique needs practice, 
reproducibility studies have shown acceptable intra-observer and inter-observer 
variability of TTDE–CFR performed by skilled operators [34]. Validation studies 
have shown that TTDE is feasible in the majority of patients and show a high agree-
ment with CFR obtained with invasive coronary reactivity testing [35]. Positron 
emission tomography (PET) can also measure CFR and detect coronary vasomotor 
abnormalities caused by microvascular disease. PET has been shown to be a reliable 
tool to quantify myocardial blood flow (MBF) and CFR. Unfortunately, availability 
of PET scanning for diagnosis of CMD is limited. The nuclear tracers that can mea-
sure MBF and CFR most reliably are oxygen-15 labeled water and nitrogen-13 
labeled ammonia [36]. However, an on-site cyclotron is mandatory for usage of 
these tracers. There is no consensus yet on whether contrast stress echocardiogra-
phy or cardiac magnetic resonance (CMR) can reliably quantify perfusion abnor-
malities caused by CMD [35].

�Therapeutic Options for Coronary Microvascular Dysfunction

First of all, it is of note that therapy studies for CMD are limited and often suffer 
from small sample sizes and a heterogeneous patient selection. Current ESC guide-
lines recommend that in all patients with microvascular angina optimal coronary 
risk factor control should be achieved and all patients should receive secondary 
cardiovascular prevention medications including aspirin and statins [20]. However, 
the benefits of long-term aspirin use in CMD patients is uncertain. Risk factor con-
trol should also include non-pharmacological therapy including weight loss, healthy 
diet and exercise [37]. For some patients, stress reduction therapy, like mindfulness 
based cognitive therapy, can be beneficial in reducing symptoms [SE, unpublished 
data].

Anti-anginal treatment is empirical while underlying mechanisms of CMD are 
often diverse and overlapping with macrovascular coronary disease. Treatment 
approaches should be tailored to the underlying mechanism whenever possible. In 
patients with exercise induced angina beta-blockers are first choice. Research has 
shown more favorable results from nebivolol compared to metoprolol [38]. Calcium 
antagonists and long-acting nitrates have shown variable results in clinical trials and 
are more helpful when used in addition to beta-blockers in the case of insufficient 
control of symptoms. However, in patients with predominant angina at rest, indicat-
ing an underlying vasospastic component, calcium antagonists are recommended as 
first line of therapy [37]. Short acting nitrates are recommended to relieve spontane-
ous attacks of angina. However, patients often report a limited effect of this treat-
ment. In patients with angina refractory to various combinations of traditional 
anti-anginal medication, non-traditional forms of anti-anginal treatment can be 
added. Options include xanthine derivatives (aminophylline, bamiphylline), 
ivabradine, ranolazine, and nicorandil [20]. In patients in who enhanced pain 
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perception is suspected drugs which modulate pain perception, like tricyclic antide-
pressants, are indicated [23]. Unfortunately, in patients with microvascular angina, 
the susceptibility of symptoms to medical treatment is extremely variable. Trialing 
of different drug combinations is often needed before establishing satisfactory 
symptom control and about 30% patients have refractory angina despite optimiza-
tion of pharmacotherapy [39]. In those patients, additional interventions for pain 
relief like spinal cord stimulation or enhanced external counterpulsation may be 
discussed [see Fig. 4.1. Schematic overview therapy ESC guideline].

While most cardiologists still focus on obstructive CAD, the diagnosis CMD is 
often overlooked leading to preventable visits to the emergency room, repeat coro-
nary angiograms, high treatment costs, diminished quality of life and even a worse 
cardiovascular prognosis [5].

- - - -
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+
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Fig. 4.1  Therapeutic options for CMD (ESC guidelines on management of stable angina [20]). 
SCS spinal cord stimulation, EEC enhanced external counter pulsation

The following patient story illustrates this.
Netty, 56 years, CMD type 1 patient: “I was not taken seriously with my 

complaints”.
“Six years ago I started to have oppressive chest pain, shortness of breath 

on exertion and fatigue. The chest pain often came up after physical exertion, 
and could keep on for hours. Symptoms were also triggered by emotional 
stress. If I could not resolve the pain with relaxation methods, I took sublin-
gual nitroglycerin, on which the pain usually subsided.

I was rushed to the hospital several times. On each occasion a coronary 
angiogram was made to see if there was an obstruction in my coronary arter-
ies, but time and again the cardiologists told me that there was nothing wrong 
with my heart.

My symptoms, however, persisted, and I went from one doctor/cardiolo-
gist to another, but nobody could help me. The whole time I felt like I was 
not taken seriously with my complaints, while I strongly felt that there had to 
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Chapter 5
Menopause and Cardiovascular Risk

Angela H.E.M. Maas and C. Noel Bairey Merz

Abstract  Men are at higher comparative CVD risk than women throughout their 
lifespan. During menopause transition the traditional CVD risk factors change into 
a more adverse direction in women with an up-regulation of hormonal systems such 
as the renin-angiotensin system (RAS) and the sympathetic nervous system. Primary 
ovarian insufficiency (POI) and persistent vasomotor symptoms are considered to 
be modest additive risk factors in women. Hypertension is a key-risk factor and may 
cause a variety of symptoms in middle-aged women that are often not well recog-
nized. This chapter may be an eye-opener for many clinical cardiologists.

Keywords  Arterial stiffness • Blood pressure • BRCA 1/2 mutation carriers • 
Endometriosis • Endothelial dysfunction • Estrogen • Hormone therapy (HT) • 
Hypertension • Hysterectomy • Menopause • Oral contraceptives • Primary ovarian 
insufficiency (POI) • Sex-hormones • Symptoms hypertension • Vasomotor symp-
toms (VMS) • Vaginal bleeding • Venous thrombo-embolism (VTE)

�Menopause Transition

During menopause transition many women report bothersome symptoms, which 
may persist for a number of years and are often associated with a reduced health-
related quality of life. The mean age at onset of menopause is 51 years, which is 
rather constant over time and populations worldwide, but there is substantial 
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inter-individual variation, varying roughly between 40 and 60 years [1]. If natural 
menopause occurs before the age of 40, it is considered as primary ovarian insuffi-
ciency (POI). To establish age at menopause may be difficult in women using oral 
contraceptives, in those with a levonorgestrel releasing intra uterine system (LNG-
IUS) or in women after previous hysterectomy without ovariectomy. Estrogen in 
experimental investigation appears to have important effects on cardiovascular 
function including vascular reactivity, blood pressure, endothelial relaxation, and 
cardiac remodeling [2–5]. These effects are mediated by both (acute) direct and 
(later) genomic effects of the estrogen receptors (ERα and ERβ) that are present in 
the vascular wall and in cardiomyocytes. Circulating estrogens also have regulating 
effects on several metabolic factors that are pro- and anti-atherosclerotic, such as 
lipids, inflammatory markers and the coagulation system [6–9]. During the fertile 
years of life the estrogen status is often ascribed to the later onset and differences in 
manifestation of ischemic heart disease (IHD) and myocardial remodelling in 
women compared to men (Fig. 5.1), however specific studies to address this are 
lacking. While healthy endothelium is sensitive to the vasodilator properties of 
estrogens, this may reverse when vascular stiffness and signs of atherosclerotic dis-
ease gradually develop over time [10–12]. While risk factor prevalence and CVD 
risk increases with the menopause, this could be distinguished from aging [13]. 
Nevertheless, men are at higher comparative risk than women throughout their lifes-
pan. Lower estrogen levels after menopause appear to be related to altered vascular 
function, inflammation and upregulation of other hormonal systems such as the 
renin-angiotensin system (RAS) and the sympathetic nervous system [14–19].

Vascular endothelial cells

Smooth muscle cells

Cardiomyocyte

Estrogen

Vasodilatation
Cell migration

Cell proliferation
Cell migration

LDL-cholesterol oxidation
Resistance to insulin
Ischemia/reperfusion injury
Cardiac hypertrophy

CH3OH

HO

Fig. 5.1  Estrogen and the heart. In healthy premenopausal women estrogen may promote vasodi-
latation, reduces smooth muscle cell proliferation and prevents cardiac hypertrophy. Adapted from 
Menazza S et al. Circ Res, 2016 [3]
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�Vasomotor Symptoms and Cardiovascular Disease Risk

Besides a diversity of gynecological symptoms, 50–70% of Caucasian women 
experience vasomotor symptoms (VMS) during menopause transition, consisting 
of hot flushes, night sweats, palpitations, sleeping disturbances, concentration 
problems, headaches etc. These symptoms may also be related to oxidative stress 
and an adverse CVD risk profile [20], although the literature is mixed regarding 
relations between hot flashes and CVD. Severe VMS in women have been associ-
ated with hypertension, elevated total cholesterol levels and increased CVD 
events [21–23]. Several studies have suggested that subclinical atherosclerosis is 
more prevalent in women with VMS compared to women without these symp-
toms [24, 25]. Menopausal vasomotor symptoms are associated with increased 
sympathetic and decreased parasympathetic function that may enhance the risk of 
cardiovascular events [17, 26–28]. Vasomotor symptoms are also exacerbated by 
an increase in insulin resistance and inflammatory factors derived from visceral 
adipose tissue, which has an increased activity after menopause [29]. In the 
Women’s Health Initiative Observational Study (WHI-OS) it was found that early 
VMS (before/around cessation of menstruation) are associated with a lower CVD 
risk (HR 0.89, 95% CI 0.81–0.97), while VMS in late menopause indicate an 
elevated CVD risk profile (HR 1.23, 95% CI 1.00–1.52) [30]. The mechanisms of 
VMS may therefore be different within separate stages of menopause transition 
and may vary over time. It is assumed that early VMS are associated with estro-
gen-dependent lowering of the thermo-neutral zone in the brain, whereas late 
VMS (age 55+) are more related to a higher sympathetic nervous system activity 
after menopause [19, 31]. Women at increased CVD risk, such as after previous 
hypertensive pregnancy disorders (HPD), have a higher sympathetic nerve activ-
ity and more disabling VMS compared to women after normotensive pregnancies 
[32, 33].

�Premature Natural Menopause

Primary ovarian insufficiency (POI), formerly known as premature ovarian failure 
(POF), is characterized by secondary amenorrhea for at least 4 months accompa-
nied by an elevated FSH above 40 IU/L, occurring prior to age of 40 years [34, 
35]. The incidence of POI is reported to be 1–2%. Earlier menopausal age than 
normal is associated with an increased incidence of CVD [36–38]. In a systematic 
review of 32 studies, including more than 310.000 women, it was found that 
women who experienced a menopause younger than 45 years have a relative risk 
of 1.19 (CI 1.08–1.31) for CVD mortality [39]. Other epidemiological data have 
led to a calculated 2% decrease of CVD mortality risk for each year that meno-
pause is delayed [40]. Women who have recently been diagnosed with POI have a 
slightly unfavorable serum lipid profile compared to healthy controls with a 
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normal ovarian function [41]. Early menopause is also a predictor of recurrent 
angina symptoms after myocardial infarction [42]. In a case-control study of 83 
respectively 266 women >45 years, women with POI exhibited an unfavorable 
cardiovascular risk profile, including higher abdominal fat, elevated chronic 
inflammatory factors, and a trend towards increased blood pressure, and an 
impaired kidney function compared to controls, but no difference in subclinical 
signs of atherosclerosis was found [43]. Despite the association of premature ces-
sation of ovarian function and short term health problems such as decreased fertil-
ity and climacteric symptoms, current available data indicate that POI is only a 
modest risk factor for IHD and overall CVD risk but not for stroke [44]. Age at 
onset of menopause is (partly) heritable with a link to DNA repair and immune 
mediator pathways [45].

�Cardiovascular Risk in BRCA1/2 Mutation Carriers

BRCA1/2 mutation carriers are at high risk of breast and ovarian cancer. To 
reduce the risk of ovarian cancer a risk-reducing salpingo-oophorectomy 
(RRSO) is advised to all BRCA1/2 mutation carriers at age 35–40 years (BRCA1) 
and at age 40–45 years (BRCA2) [46]. In women without previous breast cancer, 
hormone therapy may be considered until natural age at menopause after prema-
ture surgical menopause [47]. As BRCA genes play an important role in DNA 
damage repair, they may also interfere with the pathophysiology of atheroscle-
rosis. This hypothesis is supported by finding that BRCA1/2 deficient cells are 
more sensitive to oxidative stress [48, 49]. The potential increased intrinsic and 
extrinsic susceptibility of BRCA1/2 mutation carriers to CVD needs further 
research.

�Hysterectomy, Endometriosis and Cardiovascular Risk

In the Nurses’ Health Study it was found that that a bilateral ovariectomy after hys-
terectomy is associated with a two times higher risk for CVD, especially when 
performed before 50  years of age [50]. In the Women’s Health Initiative (WHI) 
Observational Study this disadvantage was found to be importantly associated with 
a lower socio-economic status (SES) and a more adverse CVD risk profile in women 
undergoing a hysterectomy [51]. Large population-based data from Sweden how-
ever confirmed a positive association between hysterectomy with/without oopho-
rectomy and CVD in women <50 years, but not at older age [52].

In many cases the indication for a hysterectomy is related to endometriosis, 
which promotes inflammation, oxidative stress and an adverse lipid profile [53]. It 
is therefore warranted that gynecologists and cardiovascular specialists seek col-
laboration to optimize CVD prevention in these patients.

A.H.E.M. Maas and C.N. Bairey Merz
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�Endothelial Dysfunction in Menopause-Transition

Postmenopausal women have over a threefold greater risk of atherosclerosis when 
compared to premenopausal women, however after adjustment for age and other 
potential confounders it is controversial whether menopause is associated with 
increased risk independent of aging [13]. The decline in endothelial function appears 
to start in early menopause before signs of subclinical atherosclerosis are present 
[54, 55]. This could provoke undetermined symptoms of chest pain and dyspnea 
which is often labeled as “stress” or complaints secondary to menopause. However, 
women who are diagnosed with ‘undetermined’ chest pain syndromes have a two-
fold increased risk to develop a IHD event in the next 5–7 years and improvement 
of lifestyle factors and risk factor modification is therefore crucial [56, 57].

Smoking induces premature endothelial dysfunction in premenopausal women by 
downregulation of the estrogen receptors in the vascular wall, activation of inflam-
mation and the thrombotic system and promoting LDL cholesterol oxidation [58].

The ability to detect endothelial dysfunction, as a first sign of vascular ageing, may 
be important in assessing cardiovascular risk in women more accurately, although the 
variability of response limits the application in clinical practice [59]. This can be done 
non-invasively by peripheral techniques such as ultrasound of the brachial artery 
(FMD: flow mediated dilatation) or digital arterial tonometry (endoPAT) [60]. With 
measurements of pulse wave velocity (PWV) the degree of arterial stiffness can be 
established, functioning as a predictor of future CVD events [61, 62]. The gold stan-
dard of assessing coronary endothelial function invasively involves the responses of 
both the epicardial arteries and the microcirculation to an endothelium dependent 
vasodilator such as acetylcholine [63]. Measurements of peripheral endothelial func-
tion correlates modestly with coronary artery endothelial function and predicts future 
cardiovascular events in population studies [64]. A potential disadvantage is that 
functional tests are time-consuming, have day-to-day variability similar to blood 
pressure that requires repeated testing and are importantly dependent on the expertise 
of the vascular laboratory [65]. An advantage of these techniques is that functional 
vascular abnormalities can be noticed before any signs of subclinical atherosclerosis 
are seen, as is the case with carotid intima media thickness measurements (CIMT) or 
a coronary artery calcium score with CT angiography (CCTA).

�Hypertension As a Key Risk Factor in Menopause

Hypertension is a critically important risk factor that affects women in the early post-
menopausal years and elevated blood pressure is often poorly treated [66, 67]. There 
is anecdotal concern that when a man has an elevated blood pressure we call it ‘hyper-
tension’, but when it affects a woman we call it ‘stress’. This may be one reason why 
women with elevated blood pressure are treated differently than men in primary care 
[68]. About 30–50% of women develop hypertension (RR >140/90 mmHg) before the 
age of 60 and the onset of hypertension can cause a variety of symptoms that are often 
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attributed to menopause [69, 70]. Detection and control of elevated blood pressure in 
the perimenopause is crucial for the prevention of future hypertension [71]. There are 
more missed opportunities for treating hypertension adequately in women at middle-
age than in similarly aged men [72]. Also, in normotensive women, higher normal 
blood pressures are associated with greater cardiovascular risk compared to lower 
blood pressures even when in the normal range [73]. The socalled “white-coat” hyper-
tension at the doctor’s office occurs more often in women and may progress over time 
to sustained hypertension [74, 75]. Systolic blood pressure is the best predictor of CV 
risk and increases more with the white coat response than does diastolic blood pres-
sure. As blood pressure is characterized by a considerable variability over time addi-
tional ambulatory monitoring is recommended in these patients. Self-monitoring with 
modern eHealth applications is getting more popular and may improve quality of 
blood pressure monitoring and adherence to medical therapy [76, 77]. In the 2014 
AHA guidelines hypertension in adults treatment goals are stricter for patients 
<60 years than in elderly [78]. However, this was before publication of the Systolic 
Blood Pressure Intervention Trial (SPRINT) trial that found evidence of cardiovascu-
lar benefit with more intensive lowering of systolic blood pressure (goal <120 mmHg) 
compared with the currently recommended goal (<140  mmHg) in older patients 
(>75 years) with cardiovascular risk but without diabetes or stroke [79]. This has led 
to an ongoing debate to which extent blood pressure should be lowered in men/
women, within various age-categories and different levels of CVD risk [80, 81]. 
Publication already suggests lowering the threshold for normal systolic blood pressure 
to 130 mmHg in upcoming guidelines with a particular emphasis on women [80, 82].

The rise in systolic blood pressure with ageing is caused by an increase in vascu-
lar stiffness of the great arteries in combination with atherosclerotic changes in the 
vessel wall. Systolic blood pressure is considered to be the most important arbiter of 
risk with ageing, and rises more steeply in women compared to men [83–85]. This 
is also related to the additional effects of hormonal changes during menopause [69, 
86–88]. Several other sex-hormone related factors and weight gain have an additive 
effect on the rise in blood pressure during menopausal transition (Table 5.1) [89–92]. 
Also, sodium sensitivity increases during menopausal transition, frequently leading 
to intermittent fluid retention (edema legs, hands, lower eyelids) [93–96]. Physicians 
should intensify the detection of hypertension in middle-aged women after previous 
hypertensive pregnancy disorders and preeclampsia [97, 98]. Women develop more 
vascular and myocardial stiffness than men with ageing [99–101]. This is closely 
associated with their higher prevalence of diabetes, obesity and hypertension, result-
ing in more strokes, left ventricular hypertrophy and heart failure with preserved 
ejection fraction (HFpEF) [102–104].

Table 5.1  Associations between 
menopause-related estrogen decline and 
blood pressure

•  Relative increase in androgen levels
•  Activation RAS, higher renin levels
•  Increase plasma-endothelin levels
•  Higher salt sensitivity
•  Increase in insulin resistance
•  Higher sympathetic activity
•  Increase in weight

RAS renin angiotensin system
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�Elevated Blood Pressure Is Often Symptomatic

Whereas hypertension may be asymptomatic in elderly patients with stiffened and 
atherosclerotic arteries, it can induce many diverse symptoms in younger patients 
[105]. Higher blood pressure causes shear stress on the arterial wall promoting 
endothelial dysfunction that may translate into symptoms of chest pain [106, 107]. 
This often responds well to short acting nitrates causing vasodilatation and lowering 
blood pressure. In the WISE study hypertension was prevalent in 55% of females, 
mean age 58 years, who were referred for coronary angiography for chest pain syn-
dromes [13, 108]. Many frequently occurring complaints at middle-age can be 
related to a higher blood pressure, such as an oppressive chest pain or continuous 
band sensation at rest, with or without radiation to the shoulder blades, jaws and left 
(or both) arm(s). Many hypertensive women report that they prefer “to take off their 
bra” when being at home (patient A). Other symptoms such as sleep disturbances, 
palpitations, paroxysmal atrial fibrillation (AF), headaches, dizzyness, fluid reten-
tion, dyspnea, extreme tiredness and lack of energy are also frequently mentioned. 
Symptoms may vary over time (days/weeks/months) and increase during stressful 
situations and exercise. Many women experience symptoms of dyspnea while 
climbing the stairs or running to a bus and interchange their bike into an electric 
bike to catch up with their husbands. In Table 5.2 frequently reported symptoms 
related to elevated blood pressure in middle-aged women are described. In women 
having severe VMS mean 24-h blood pressure is 10 mmHg higher than in asymp-
tomatic women, while treatment of hypertension reduces these symptoms [109, 
110]. Drospirenone, a progestin with anti-mineralocorticoid properties, combined 
with 17-beta estradiol at various doses, lowers blood pressure in hypertensive sub-
jects with moderate hypertension, whilst effectively alleviating VMS [111]. Patient 
A and B are common examples of middle-aged women with symptomatic hyperten-
sion. These kind of patients often visit outpatient clinics where a traditional cardiac 
work-up is done to rule out obstructive CAD, ending up without a diagnosis, treat-
ment and plausible explanation for their symptoms. The choice for the most appro-
priate type of anti-hypertensive medication should be importantly based on the 
predominant symptoms that patients have, their resting heart rate and tolerance of 
various medications.

Table 5.2  Reported 
symptoms in middle-
aged women with 
elevated blood pressure

•  Tight, nagging and often continuous chest pain at rest
•  Radiating pain to the jaws, left arm, shoulder blades
•  Stress-related chest pain, with or without radiation
•  Dyspnea at physical exercise (stairs, climbing, hurrying)
•  Lack of physical condition, tiredness, lack of energy, exhaustion
•  Hot flushes, severe sweating (day and night)
•  Headaches, concentration disturbances, dizziness
• � Palpitations at rest, paroxysmal supraventricular tachycardia/

atrial fibrillation
•  Intermittent fluid retention (ankles, hands, eyes)
•  Sleeping disorders, inability to lie/sleep on left side
•  ‘bra feels too tight’
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Patient A: 

Medical history: 

Hypertension last trimester first pregnancy 
Curettage (abnormal menstrual bleeding)
Meniscus operation 

                           She  recently had a coronary angiography  elsewhere showing no abnormalities. Since several years,

she has an intermittent feeling of chest pain, as if her bra is too tight. These symptoms occur several times a week,

mostly unexpected and at rest.  Duration of symptoms varies between half an hour up to several hours . She often

awakes at night with sweating, palpitations and a feeling of shortness of breath. She is postmenopausal since 2

years. Other symptoms are swollen ankles from time to time and sudden feelings of extreme tiredness. Her physical

condition is worse  than it used to be. She never smoked. Family  history is positive for hypertension.  She recently

started with 50 mg metoprolol daily, which slightly relieved her symptoms.       

Physical exam:  

 SR 67/min, normal axis, slight repolarization abnormalities, but  overall normal.

ECHO: 

Lab: 

                      patient has persistent and variable symptoms of chest pain, tiredness and loss of condition, caused by a

developing familial hypertension. In her first pregnancy she already showed that she is predisposed to develop

hypertension at a later age. After the addition of an ARB to her medication , her blood pressure lowered to 130/ 85

mmHg with a concomitant reduction of her symptoms. Within a few weeks time her chest pain has gradually

disappeared and she feels as if she has “renewed” her energy level.    

BMI 26, RR 150-160/90 mmHg both arms, soft systolic ejection murmur, normal pulmonary sounds. 

Patient history: 

ECG:

borderline septal hypertrophy, normal ejectionfraction. No diastolic dysfunction. 

normal, including lipids and TSH 

Comments: 

Woman  56 years-second opinion for undetermined symptoms of chest pain    

Patient B:    

Medical history: 

43 year old woman with chest pain and unexplained tiredness  

1x miscarriage and 1x preeclampsia
early menopause 42 years   

Patient history:                               She has recurrent chest pain since a year both at rest and during exercise, such as

cycling. Radiation to the left arm. She feels tired and has shortness of breath during exercise. She

stopped with sports because of these symptoms. She needs to urinate 2-3x at night. She stopped taking 

oral contraceptives a year ago, and her her periods did not resume. She quit her job last year with

feelings of “burn-out”. She never smoked. Family history positive for premature CVD on mother’s side.

Her diastolic BP is often 100 mmHg. After an inconclusive X-test, a CAG was done a year ago, showing

normal coronary arteries. Total cholesterol 5.5 mmol/L.                           

Physical examination: BMI 26 , RR 167/100 mmHg and 160/100 mmHg, normal auscultation.   

ECG: SR 103/min, intermed axis, normal repolarization  

Comments:                      patient with pos. family history and premature menopause with symptoms secondary to

hypertension. She was given the combination of metoprolol 50 mg and irbesartan150 mg, later 300 mg,

whereafter her symptoms gradually disappeared and her BP normalized.           
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Elevated blood pressure may induce extrasystoles, paroxysmal supraventricular 
tachycardia or AF with variable strain-related ST-T changes on the resting ECG. The 
latter may be caused by shear stress on the myocardium, often in combination with 
endothelial dysfunction and/or subendocardial ischemia in the smaller coronary 
arteries. In the Women’s Health initiative study it was found that non-specific 
repolarisation abnormalities are associated with an increased long-term cardiovas-
cular risk [112]. Dynamic ECG changes are frequently present during high peak 
systolic blood pressures at the emergency department and dissolve well with 
nitrates. In younger women at low chance of having obstructive CAD this often lead 
to unnecessary and repeated coronary angiograms.

�Use of Oral Contraceptives, VTE/CVD  
Risk and Abnormal Uterine Bleeding

Thus far, the currently used newer generations of oral contraceptives (OC) have not 
been associated with an increased risk for hypertension or IHD, but with a persistent 
increased risk of venous thrombo-embolism (VTE) [113–116]. In the MEGA-study, 
women who were current smokers and used OC had an 8.8-fold higher risk (OR 
8.79, CI 95 5.73–13.49) for VTE than nonsmoking women who did not use oral 
contraceptives [117]. The higher risk of ACS in young women on OC has been pre-
dominantly attributed to the combined deleterious effects of smoking [118]. Smoking 
acts synergistically with OC use and counteracts the protective vasodilating effects 
of endogenous estrogens in women before menopause. Prolonged OC use for many 
years lowers the risk of ovarian, endometrium and colon cancer [119]. Long-term 
OC use has not been found to be associated with a higher coronary atherosclerosis 
burden as measured by quantitative coronary angiography [120]. Recent data derived 
from almost five million French women indicate that that levonorgestrel-containing 
pills should be the first choice when prescribing a combined OC [121]. However, 
these are still contraindicated in women after an ischemic cardiac or neurologic event 
and in women after VTE/pulmonary embolism [116, 122]. Also, in women >35 years 
with multiple CVD risk factors OC are not recommended [123]. In women receiving 
therapeutic anticoagulation with vitamin K antagonists or novel oral anticoagulants 
(NOACs) the risk for a recurrent VTE is not increased [124]. The elevated risk for 
abnormal uterine bleeding (AUB) in high risk premenopausal women, induced by 
the use of (dual) platelet therapy, NOACs or vitamin K antagonists, may demand 
specific individual gynaecological advise such as for the levonorgestrel releasing 
intra uterine system (LNG-IUS) or endometrial ablation [125]. Concomitant long-
term use of a NOAC with acetylsalicylicacid or other antiplatelet drugs (clopidogrel, 
ticagrelor, prasugrel) should be avoided, because combination therapy increases the 
risk of AUB and does not improve efficacy for stroke or VTE prevention [126, 127].
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�Postmenopausal Hormone Therapy: When Is It Safe 
for the Heart and Brain?

The apparent vasoprotective effects of estrogens during the fertile years of life have 
been the basis for the assumption that hormone therapy (HT) may protect against 
CVD [128]. This “estrogen-hypothesis” was initially supported by large observa-
tional studies, such as the Nurses’ Health Study, in which it was found that the 
prevalence of CVD was lower in HRT users that in non-users [129]. Despite, in the 
large randomized HT trials, such as the Women’s Health Initiative (WHI) studies, a 
CVD protective effect of HT could not be demonstrated and in contrast even more 
harm was seen in elderly (>60 years) women at elevated CVD risk [130]. In a meta-
analysis of randomized-controlled trials a significantly lower risk of IHD and death 
from any cause (HR 0.72, CI 0.62–0.82) was found in HT users younger than 
60  years who were less than 10  years since menopause [131]. The Danish 
Osteoporosis Prevention Study (DOPS), included women on average 50 years and 
7 months past menopause, to HT with estradiol alone or in combination with a pro-
gesterone and showed a significantly lower risk of IHD at 10 and 16 years of follow-
up among HT users compared to non-users [132]. The effects of HT on CVD are 
therefore importantly dependent on the timing of therapy initiation relative to meno-
pause [12, 133]. Moreover, the type of HT, the dose and the route of administration 
should be also considered. In the Kronos Early Estrogen Prevention Study (KEEPS), 
low-dose treatment with oral conjugated estrogens or combined estradiol patch with 
oral progesterone among young women (42–58 years) at low risk for CVD showed 
no significant effect on CIMT progression compared to placebo after 2 years of 
treatment [134]. Conversely, in the Early versus Late Intervention Trial with 
Estradiol (ELITE) HT was associated with less progression of subclinical athero-
sclerosis (measured as CIMT) compared to placebo when therapy was initiated 
within 6 years after menopause but not when it was started after 10 or more years 
after menopause [135]. The risk of VTE risk is higher in users of systemic combined 
estrogen–progestogen treatment than in users of estrogen only [136]. Several stud-
ies have shown that transdermal estrogen and vaginal estrogen do not appear to 
increase the risk of VTE [136, 137]. Hormone therapy improvement in cognitive 
function has not been supported [138], and longer term trials demonstrate increased 
dementia and mild cognitive impairment with HT compared to placebo [139, 140].

For women with premature menopause it is advised that HT should be adminis-
tered at least until the median age of natural menopause which is 51 years [141, 
142]. Longer duration of treatment can be considered when severe menopausal 
VMS are present. After the publications of the WHI results there had been a 80% 
decline in the prescription of HT, leaving many patients and doctors in confusion 
[143]. This has led to an overuse of untested potentially harmful alternative treat-
ments. Although HT is not recommended for the primary or secondary prevention 
of IHD in postmenopausal women, its (temporary) use can be relatively safe in the 
hands of well-trained physicians, weighing risks and benefits with the patient. 
Women with known IHD or with many coronary risk factors seeking HT because of 
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troublesome climacteric symptoms should be properly counselled for their indi-
vidual baseline risk of developing breast cancer, VTE and CVD (recurrence) (see 
Table 5.3).

Appropriate counselling and treatment of VMS and CVD risk factors is essen-
tial for women during midlife, also because the impact of menopausal symptoms 
on work ability is high [144, 145]. In 2015 the European menopause and andro-
pause society (EMAS) has released a clinical guide for postmenopausal health, 
emphasizing the need for an individual patient approach with appropriate choice of 
HT and route of administration [146]. This is also the starting point of the NICE 
guidelines on menopause management that were released in November 2015 
(https://www.nice.org.uk/guidance/NG23) and the revised global consensus state-
ment on menopausal hormone therapy [147]. For the possibilities of non-hormonal 
management of VMS the EMAS has recently provided a separate position state-
ment [148].

Table 5.3  Cardiovascular risk estimation when considering hormone therapy (HT)

Risk category HT advise

High risk ≥1 RF Clinically manifest vascular disease (IHD, cerebrovascular 
disease, PAD, aortic disease, CKD)

−

Diabetes mellitus
10-y predicted CVD risk ≥10%
Age >60 years
Previous VTE

Intermediate 
risk ≥1 major RF

Cigarette smoking +/−
SBP ≥120, DBP ≥80 mmHg, or treated hypertension
Total cholesterol ≥5.5 mmol/L, or treated for dyslipidemia
Obesity, poor diet, insufficient physical activity
Family history of premature CVD
Metabolic syndrome
Evidence of subclinical atherosclerosis (e.g., coronary 
calcification, carotid plaque, or thickened IMT)
Systemic autoimmune disease (e.g. rheumatoid arthritis)
History of preeclampsia, gestational diabetes, or pregnancy 
induced hypertension

Low CVD risk Total cholesterol <200 mg/dL (untreated) +
BP <120/<80 (untreated)
Fasting blood glucose <100 mg/dL (untreated)
Body mass index <25 kg/m2

Non-smoking, adequate physical activity
Healthy diet

Adapted from 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
CKD chronic kidney disease, CVD cardiovascular disease, IHD ischemic heart disease, IMT intima 
media thickness, PAD peripheral arterial disease, VTE venous thromboembolic event
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Chapter 6
Heart Failure in Women:  
Is There a Typical Female Type?

Arantxa Barandiarán Aizpurua and Vanessa van Empel

Abstract  Patients with heart failure (HF) with preserved ejection fraction (HFpEF) 
make up 50% of all cases of HF and they are typically female, older, have a history 
of hypertension, and share multiple co-morbidities including obesity, diabetes and 
renal insufficiency. Complaints of reduced exercise tolerance and dyspnea on exer-
tion are often attributed to ‘healthy’ aging, and not due to disease, leaving a signifi-
cant percentage of the HFpEF population under-diagnosed. The aetiology is 
complex, heterogeneous and to a large extent unclarified. The appropriate diagnos-
tic criteria and treatment options are still a challenge and under development.

Keywords  Diastolic dysfunction • Dyspnea • Echocardiography • Endothelial  
dysfunction • Fibrosis • Heart failure with preserved ejection fraction (HFpEF)  
• Heart failure with reduced ejection fraction (HFrEF) • Inflammation • Myocardial 
stiffness

�Introduction

Cardiologists are more and more aware that the manifestations of ischemic heart 
disease (IHD) are different in men and women. This is also the case for heart failure 
(HF). Although the lifetime risk to develop HF at age 55 years is similar for men and 
women, respectively 33% and 28%, there are striking sex-differences in the preva-
lence of the different types of HF [1]. Evidently HF caused by peripartum cardio-
myopathy (PPCM) is exclusively present in women, but HF with reduced ejection 
fraction (HFrEF), usually following obstructive coronary artery disease (CAD), is 
far more prevalent in men. Women however are predominantly affected by heart 
failure with preserved ejection fraction (HFpEF), which is the focus of the current 
chapter [2]. Peripartum cardiomyopathy will be discussed in Chap. 8.
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�Gender Differences in Myocardial Remodelling with Ageing

Healthy female hearts are smaller compared to men, and women have higher heart 
rates [3]. However, not only healthy hearts show sex differences, also myocardial 
remodelling in response to stress is sex-specific. With aging the LV volume increases 
modestly in men, but not in women, additionally age-related increase in cardiovas-
cular stiffness is more pronounced in women [4, 5]. In response to pressure over-
load, such as seen in aortic stenosis, females develop concentric hypertrophy with 
smaller internal cavity and relatively larger wall thickness compared to men, who in 
general develop more eccentric hypertrophy [6]. In addition, women also preserve 
better ejection fraction and myocardial contractility than men during pressure over-
load [7]. This is also the case in HF patients; female HFpEF patients have a higher 
LV ejection fraction and demonstrate more LV diastolic and systolic stiffness than 
men, which may explain their greater predisposition for HFpEF [3]. Sex-specific 
myocardial remodelling contribute to differences in regulation of fibrosis and 
inflammation, but the exact mechanism remains unclear [8].

�Heart Failure with Preserved Ejection Fraction

�Background

HFpEF patients make up 50% of all cases of HF [2]. Their main symptoms are 
reduced exercise capacity and dyspnea on exertion. Previously, this type of HF was 
called diastolic heart failure, however this term was abandoned because it did not 
cover the scope of abnormalities that are seen in HFpEF [9]. HFpEF patients are 
typically female, older, have a history of hypertension, and share multiple comor-
bidities including obesity, diabetes and renal insufficiency [2]. Among people 
>65 years of age presenting to primary care with breathlessness on exertion, one in 
six will have unrecognized HF (mainly HFpEF) [10]. The prognosis of HFpEF is 
poor and comparable to that of HF with reduced ejection fraction (HFrEF). The 
annual mortality of HFpEF is estimated at 10–30% [2, 11]. Approximately 60% of 
patients die from cardiovascular disease (CVD), mainly to HF itself or to sudden 
cardiac death. Patients who need to be hospitalized for HF have the highest risk of 
death. Surprisingly, 40% of mortality is contributed to non-cardiac causes, which is 
significant higher in patients with HFpEF than in HFrEF [12, 13]. Although the 
number of hospital admissions for HFrEF and HFpEF are equal, HFpEF patients are 
hospitalized more often for non-cardiac reasons (Table 6.1).

HFpEF is a complex heterogeneous entity, of which the underlying pathophysi-
ology remains still largely unclear. Over the last decade multiple studies have attrib-
uted a role for inflammation and endothelial dysfunction in the pathophysiology of 
HFpEF [14]. However, despite these new insights this has not yet resulted into 
appropriate treatment options. Standard HF drugs, such as beta-blockers, 
ACE-inhibitors and mineralocorticoid antagonists, although proven to be effective 
in HFrEF, thus far failed to improve outcomes in HFpEF [15].
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�Diagnostic Pathway

The evaluation and diagnosis of a patient suspected of HFpEF remains challenging. 
Complaints of reduced exercise tolerance and dyspnea on exertion is often attrib-
uted to ‘healthy’ aging, and not due to disease, leaving a significant percentage of 
the HFpEF population under-diagnosed. Secondly, diagnostic criteria of HFpEF, 
and cut-off values for diastolic function, can be difficult to interpret and remain a 
topic of debate. The current criteria to diagnose HFpEF include [1] presence of 
symptoms and/or signs of HF [2]; normal LV ejection fraction (LVEF ≥ 50%) [3]; 
elevated levels of natriuretic peptides and [4] relevant structural heart disease (LV 
hypertrophy/LA enlargement) or diastolic dysfunction [15]. Initial assessment of 
HFpEF therefore includes clinical assessment of symptoms or signs of HF in com-
bination with laboratory measurements and an echocardiography. As previous stud-
ies have shown that echocardiographic measures to assess diastolic dysfunction 
correlate poorly with actual LV filling pressures and lack accuracy, it may be helpful 
to perform right heart catheterisation to better evaluate left ventricular filling pres-
sures [16, 17]. Additionally, some pathophysiological features of HFpEF may not 
be evident at rest. Considering that many of the diagnostic echocardiographic 
parameters used are load dependent and that symptoms principally occur during 
activity one should consider exercise testing, either stress-echocardiography or, 
preferably, an invasive assessment of the haemodynamic response to exercise if 
echocardiography at rest is inconclusive [18].

�Pathophysiology

A central pathophysiologic feature of HFpEF appears to be an increase in the left 
ventricular end-diastolic pressure (LVEDD). Both vascular and myocardial stiffness 
may lead to an increase of the LVEDD. Vascular stiffness, caused by ageing and 
co-morbidities, hinders the diastolic filling [9]. Another important clinical manifes-
tation of vascular stiffness is hypertension, which often goes hand in hand with 
HFpEF. Due to stiffness of the myocardium, the heart can no longer “relax” in the 
diastolic phase, thus the LVEDD is relatively high compared to the amount of blood 

Table 6.1  Diagnostic criteria for heart failure with preserved ejection fraction

1. Symptoms and/or signs
Symptoms Signs
Breathlessness, orthopnea, paroxysmal 
nocturnal dyspnea, reduced exercise 
tolerance, fatigue, tiredness

Elevated jugular venous pressure, hepatojugular 
reflux, third heart sound, peripheral edema, 
pulmonary crepitations

2. Structural or functional abnormalities
Structural Functional
Left venticular hypertrophy, enlarged left 
atrial volume index

Diastolic dysfunction

3. Elevated levels of natriuretic peptide
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in the ventricle. Factors that contribute to the myocardial stiffness by fibrosis forma-
tion are changes in the extracellular matrix, changes in the myocyte intrinsic stiff-
ness, microvascular dysfunction and metabolic abnormalities [19]. Myocardial 
stiffness is further augmented by the presence of left ventricular hypertrophy, which 
occurs in response to prolonged hypertension. MRI studies show that the heart not 
only stiffens due to hypertrophy, but also by the presence of fibrosis [20].

�Fibrosis of the Myocardium

In HFpEF patients, fibrosis is present both in the myocardium as well as in the vessels, 
which contributes to the deterioration of the diastolic and the systolic function [21, 
22]. Fibrosis formation is caused by changes in amount of collagen deposition in the 
extracellular matrix [22]. Analyses from endomyocardial biopsies demonstrate the 
collagen synthesis is increased and enzymes that break down collagen are reduced [23, 
24]. As a result, we see a pattern of diffuse fibrosis, as opposed to after a myocardial 
infarction where very localized fibrosis is present. This diffuse fibrosis is caused by, 
among other things, the activation of TGF-β (transforming growth factor-β) in response 
to the increased inflammation of the microvascular endothelium [19]. There are sex-
specific patterns in regulation of fibrosis in response pressure overload [8]. How this 
contributes to the predisposition of females to HFpEF remains to be investigated.

�Role of Inflammation

Several co-morbidities, which frequently occur in HFpEF, such as diabetes and obe-
sity, cause a chronic low-grade systemic inflammation [25]. This inflammation 
induces endothelial dysfunction, which is subsequently associated with increased 
oxidative stress [26]. Although these processes are described both for HFrEF and 
HFpEF, endothelial dysfunction is more prevalent in HFpEF, even when adjusted 
for age, sex, the presence of diabetes and hypertension [27]. This suggests that 
endothelial dysfunction is not merely a result of multiple co-morbidities, but is spe-
cifically related to the pathophysiology of HFpEF. Furthermore, endothelial dys-
function is negatively associated with the prognosis of HFpEF [28]. An increased 
oxidative stress induces diastolic stiffness of the myocyte by an increase in cyclic 
GMP (guanosinemonofostaat), and ultimately a change in the titin protein, which is 
a component of the cytoskeleton of the cardiomyocyte [29].

�Management of HFpEF

The standard drug therapy for HF such as beta-blockers, ACE inhibitors/angiotensin 
receptor antagonists (ARBs) or mineralocorticoid antagonists have not shown any 
beneficial effect in patients with HFpEF [15]. These drugs have been extensively 
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studied in several clinical trials, and provide no improvement in survival, exercise 
tolerance, functional class or quality of life. Diuretics are recommended if fluid 
retention is present, and although they may reduce symptoms, the prognosis is not 
altered [15]. The reasons for these negative results remain unclear. As described 
earlier in this chapter, it remains a challenge to diagnose HFpEF and consequently 
the various studies have used different inclusion and exclusion criteria. This results 
in a very large variety of different types and degrees of HFpEF [30]. One of the 
reasons for the negative results lies therefore, at least partly, in the fact that HFpEF 
is not a uniform disease. Due to the presence of numerous co-morbidities, the 
HFpEF population represents a very heterogeneous group, wherein it is not unlikely 
that specific sub-groups may still benefit from certain HF medications [31]. In the 
future, a better characterization of the different subgroups of HFpEF patients will 
also provide valuable information for more effective treatment. This should result in 
a personalized treatment, based on the specific characteristics of the disease, instead 
of the current one-size-fits-all approach.

Because of the negative and neutral findings of recent trials, the emphasis of 
treatment in HFpEF is currently focused on treatment of the various co-morbidities, 
such as optimal regulation of blood pressure and strict regulation of glucose levels. 
Most drugs that are used in patients with HFrEF are safe for HFpEF patients, and 
most of the drugs that should be avoided in HFrEF, should also be avoided in 
HFpEF, with the exception of verapamil and diltiazem [15]. These calcium blockers 
can be given safely to HFpEF patients.

Besides medical therapy, exercise training is an important part of the treatment 
of heart failure, also in HFpEF. Various studies in HFpEF patients report an improve-
ment in exercise tolerance after exercise training; for instance the multi-centre 
Ex-DHF-P study, which included HFpEF patients with NYHA class 2-3, showed 
that 32 sessions in which a combined aerobic and strength training improved exer-
cise tolerance, diastolic function and quality of life [32]. Whether there is an impact 
on survival or the number of hospitalizations is unknown yet.

�New Developments

Spironolacton has shown to decrease mortality in HFrEF and could be a promising 
therapy for HFpEF [33]. Spironolactone exerts its effect by a competitive antago-
nism with the intracellular aldosterone receptor. Aldosterone plays a role in hyper-
tension, endothelial dysfunction and myocardial fibrosis, which are all processes 
involved in the onset of HFpEF. Intervention in this system therefore seems attrac-
tive. Previous studies already showed that patients with hypertension develop less 
LV hypertrophy when treated with spironolactone [34, 35]. However the TOPCAT 
study, a large international randomized, placebo-controlled trial, failed to show ben-
eficial effect of spironolactone treatment on the combined endpoint of mortality and 
hospitalization in patients with HFpEF [36]. However, the results are somewhat 
more complex as there was a large difference in event rates in the placebo group 
among the different geographical areas. A post-hoc analysis showed that when 
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patients from Russia and Georgia (approximately 45% of all patients) were excluded 
from the analysis, there was a positive effect with regard to fewer hospital admis-
sions for heart failure [37]. It was therefore suspected that these countries enrolled 
too many ‘unreal’ HFpEF patients and that spironolactone may still need to get a 
place in the treatment of HFpEF.

Phosphodiesterase-5 inhibitors (PDE-5) intervene in the sGC NO-cGMP-
signaling pathway (see figure). Increased cGMP activates cGMP-dependent protein 
kinases, which work favourably on ventricular hypertrophy, diastolic relaxation and 
stiffness. Inhibition of PDE 5 leads to an accumulation of intracellular cGMP, and 
therefore could work beneficial. Animal studies show that sildenafil, a PDE-5 inhib-
itor, affects the cardiomyocyte remodelling. Sildenafil reduced progression of ven-
tricular remodelling and dysfunction and suppressed fibrosis formation and left 
ventricular hypertrophy [38, 39]. Additionally, in a small, randomized trial of 44 
patients with HFpEF and (slightly) increased right ventricular pressures, sildenafil 
improved hemodynamics, RV function, and also quality of life compared to placebo 
[40]. However, a multi-centre randomized study with 216 HFpEF patients, showed 
no difference in exercise tolerance or clinical status after 24 weeks of treatment with 
sildenafil or placebo [41]. Further investigation to evaluate the role of this drug is 
needed.
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cGMP            GMP
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PDE5 PDE-5-inhibitors
PDES
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neprilysin inhibitors (LCZ696)

–– Soluble guanylate cyclase (sGC-) stimulators also intervene in the NO-sGC-
cGMP signaling pathway, just like PDE-5 inhibitors. sGC stimulators directly 
stimulate the NO-soluble guanylate cyclase receptor (sGC), independently of 
nitric oxide (NO) but also act in synergy with NO to produce anti-aggregatory, 
anti-proliferative, and vasodilatory effects. The phase II trial soluble guanyl-
ate Cyclase stimulator Heart Study (SOCRATES) studies the effect of an oral 
sGC stimulator (vericiguat) on the change in NT-proBNP and left atrial vol-
ume and will further investigate the safety and tolerability [42]. The study is 
nearing completion and the results of this study will be known in the near 
future.
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–– LCZ696 is an angiotensin-II receptor blocker (valsartan) in combination with a 
neprilysin-inhibitor (sacubitril). Sacubitril inhibits neprilysin, which degradates 
vasoactive peptides such as natriuretic peptides, bradykinin and adreno medul-
line. Thus sacubitril increases the levels of these peptides, resulting in vasodila-
tion, and reduction of the extra-cellular volume. Recent data have shown an 
impressive effect of LCZ696 at HFrEF [43]. Whether similar results are present 
in HFpEF, is currently being studied in an ongoing Phase III study. The recent 
Paramount study, a Phase II study, randomized 301 patients to HFpEF LCZ696 
or valsartan [44]. After 36  weeks of treatment, the LCZ696-group showed a 
reduction in NT-proBNP, as well as left atrium volume compared to the valsartan-
group. These data are encouraging in the expectation that LCZ696 might also 
affect survival and hospitalization in patients with HFpEF.

Case Report
A 76 year-old woman presents at the outpatient cardiology department with 
dizziness, fatigue and shortness of breath on exertion. These complaints have 
been present for at least 3 years, but her breathlessness has worsened consid-
erably in recent months. She does not have orthopnea or peripheral edema. 
She is familiar with hypertension since many years, for which she is treated 
by her GP, and has no other risk factors for heart disease.

On physical examination, her blood pressure was 155/83 mmHg with an 
irregular heart rate of 60 beats/min. Her BMI was 30.1 kg/m2. The central 
venous pressure was not elevated, and at auscultation no heart murmurs were 
present. Auscultation of the lungs revealed minimal bilateral basal crackles. 
She had no peripheral edema. The ECG showed atrial fibrillation of 58 beats/
min. Echocardiography showed a normal left ventricular (LV) diameter, a 
normal left systolic ventricular function (ejection fraction 62%), mild LV 
hypertrophy (LV mass index 105 g/m2) and a vastly enlarged left atrium (LA 
volume index 46 mL/m2). No significant valve abnormalities. She has signs of 
diastolic dysfunction with elevated filling pressure (E/e ‘16) and normal right 
ventricular pressures and function. The laboratory tests are normal, except for 
a low ferritin indicating a lack of iron.

This 76 year-old woman, with dyspnea on exertion and NYHA functional 
class III, has classical clinical features of heart failure with preserved ejection 
fraction (HFpEF).
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Chapter 7
Cardiotoxicity During and After Breast 
Cancer Treatment

Angela H.E.M. Maas

Abstract  As cardiovascular diseases (CVD) are the main cause of death in women 
worldwide, they are also frequently present in breast cancer (BC) patients and in 
late survivors. Radiation therapy, chemotherapy, immunotherapy and angiogenic 
therapy may induce cardiotoxicity and vascular damage. In the rapidly evolving 
field of cardio-oncology it is recommended that pre-existing CVD risk factors 
should be assessed in all BC patients and aggressively managed, starting at the time 
of treatment (or even before) and continuing throughout survivorship. The use of 
advanced cardiac imaging techniques improves earlier detection of cardiac damage 
and heart failure, enabling a more timely treatment.

Keywords  Anthracyclines • Blood pressure • BRCA 1/2 mutation carriers • Breast 
cancer • Cardiotoxicity • Cardio-oncology • Chemotherapy • Ejection fraction  
• Immunotherapy • Systolic heart failure • Radiation therapy • Risk factors  
• Trastuzumab

�Introduction

In Western populations one out of eight women will develop breast cancer (BC). Due 
to improved screening modalities and the development of novel cancer treatments, 
including targeted and immunologic therapies, 5 year BC survival rates are more than 
90%. Ten-year survival rates for invasive BC is now approximately 83% (www.seer.
cancer.gov). Despite these impressive advancements in survival, cardiovascular toxic-
ity is increasingly observed as a serious complication of treatment. This has led to the 
rapid evolving field of cardio-oncology with a bread focus not only on myocardial 
toxicity, but also on vascular disease, accelerated onset of hypertension and arrhyth-
mias. New strategies are currently being developed to better preserve and restore car-
diovascular health in patients with cancer and cancers survivors, for which an optimal 
interdisciplinary collaboration and understanding is needed [1, 2].
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�Cardiovascular Risk in Breast Cancer Patients

As cardiovascular diseases (CVD) are the main cause of death in women world-
wide, they are also frequently present in BC patients and in late survivors 
(Fig. 7.1). In a population of 415 postmenopausal women with hormone recep-
tor (HR) positive early BC the 10-year predicted CVD risk was equivalent to or 
higher than BC recurrence risk [3]. Risk factors like obesity, diabetes and 
hypertension are important in the occurrence of both CVD and BC [4–7]. 
Women with unhealthy lifestyle behavior, CVD risk factors and genetic factors 
are more susceptible for cardiotoxicity during BC therapy [8, 9]. This concept 
is also known as the ‘multiple-hit’ hypothesis. Preliminary data also suggest 
that cancer itself may induce subclinical myocardial damage before any treat-
ment has been started [10]. Despite the individual differences in CVD risk pro-
file, the various classifications/stages of BC and the variety of BC treatment 
regimens that are needed, a tailored patient approach with early and late 
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cardio-surveillance is not yet standard routine care (Fig.  7.2) [11]. This may 
result in (too) late referral for cardiac treatment, as illustrated in the patient 
case. In 2016 the ESC has released a first position paper on cancer treatments 
and cardiovascular toxicity [12].

 

Medical History
• 13 years ago: BC Left-sided (infiltrating ductal CA, 4 cm, ER+,0/14 L-nodes pos)

Radiotherapy, 5 x FEC chemotherapy and Tamoxifen ( 5 yrs)

• 9 years later: T4 BC Right-sided, ER-, PR-, Her2Neu +++. Invasive ductal CA.

Neo-adjuvant 2 x FEC chemo+Carboplatin/Paclitaxel and Trastuzumab         

• After 1 year: chemo stopped, because of extravasation right arm. Ablation right breast performed.

Trastuzumab continued       

• 2 years later: metastases cervical right sided. Continuation of Paclitaxel + Trastuzumab.   

PET-CT-scan: complete remission

6 months later: 50 Gy radiotherapy neck right sided.

Trastuzumab stopped, because LVEF < 42%   (no HF treatment started)               

6 months later: hospitalization with HF and pneumonia . ACE inhibitor, and B blocker started.

New ECHO: LVEF 22%, dilated LV, secondary MI (gr 2+/6), TI, atrial dilatation.         

Cardiologist: advises to implant ICD. Patient refuses and consults other cardiologist: no ICD, update of HF medication

before her holiday leave. During her last year of life her EF remained stable at 22%, with acceptable functional class

II NYHA . She died of metastatic BC.              

• Comments:: HF medication should have been started at the first signs of LV decline, to improve her quality of life. .

There is no evidence for ICD use in patients with HFrEF caused by cardiotoxicity.        

  

Woman 56 years  with heart failure, caused by repeated chemotherapy and trastuzumab. 

CV health
CV risk factors 

Host and
cancer/treatment

interaction 

Cancer
treatment
toxicities 

Fig. 7.2  Patient surveillance in treatment for breast cancer
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In this paper it is recommended that pre-existing CVD risk factors should be 
assessed and aggressively managed, starting at the time of treatment (or even before) 
and continuing throughout survivorship. Baseline risk factors for cardiotoxicity are 
depicted in Table 7.1.

�Cardiovascular Risk in BRCA Mutation Carriers

Over the past decades an increasing number of women have been identified with 
hereditary BC, related to mutations in one of the two BRCA genes. The cumulative 
risk in BRCA1 mutation carriers by age 70 is 57–65% for breast and 39% for ovar-
ian cancer and in BRCA2 carriers 45–49% and 10–18% respectively [13]. It has 
been suggested that BRCA1/2 mutation carriers are at increased risk of CVD com-
pared to the general population [14, 15]. The exact mechanisms have not been elu-
cidated yet, however the intrinsic risk of carrying a BRCA1/2 mutation, exposure to 
preventive risk reducing salpingo-oophorectomy (RRSO) before 40–45  years of 
age, chemotherapy and radiation therapy may add to a higher CVD risk [16]. In 
BRCA1/2-knockout mice, a higher susceptibility towards doxorubicin-induced car-
diotoxicity has been reported [17]. However, a prospective study in 39 BRCA1/2 
mutation carriers compared to 42 sporadic BC patients did not show an increased 
risk of anthracycline-induced cardiotoxicity in BRCA1/2 mutation carriers [18].

Table 7.1  Baseline risk factors for cardiotoxicity in breast cancer treatment

Demographic and other 
CVD risk factors

•  Age >50 years for trastuzumab
•  Age >65 years for anthracyclines

Lifestyle risk factors •  Smoking
•  High alcohol intake
•  Obesity
•  Sedentary lifestyle

Current heart disease •  Heart failure (HFpEF or HFrEF)
•  Asymptomatic LV dysfunction (LVEF <50% or high NT-proBNP)
• � Evidence of ischemic heart disease (previous ACS, CABG, PCI, 

angina)
• � Moderate/severe valvular heart disease with LVH or LV 

impairment
•  Hypertensive heart disease with LVH
•  Cardiomyopathy (dilated, hypertrophic or restrictive)
•  Cardiac sarcoidosis with myocardial involvement
•  Cardiac arrhythmias (e.g. AF, ventricular tachycardias)

Previous cardiotoxic 
cancer treatment

•  Prior anthracycline use
•  Prior radiotherapy chest or mediastinum

Adapted from: Zamorano JL et al. Eur Heart J 2016 [12]
ACS acute coronary syndrome, AF atrial fibrillation, CABG coronary artery bypass graft, CVD 
cardiovascular disease, HFpEF heart failure with preserved ejection fraction, HFrEF heart failure 
with reduced ejection fraction, LVH left ventricular hypertrophy, NT-proBNP N-terminal Pro-B-
type natriuretic peptide, PCI percutaneous coronary intervention
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�Risk of Radiation Therapy for Breast Cancer

Radiation therapy has been reported to increase the longterm risk of death due to 
CVD, even after 20 years of follow-up [19]. This risk is especially present for left-
sided BC patients as with older radiation techniques part of the heart might be 
included in the irradiated volumes. In an older Swedish cohort of BC patients it was 
found that women treated with radiation therapy for left-sided BC had more ischemic 
heart disease (IHD) than women treated for right-sided BC, especially in the mid-left 
anterior descending artery and diagonal branches [20]. In a population based case-
control study absolute radiation risks for ischemic heart disease (IHD) were greater 
in women with preexisting CVD risk factors than in those without [21]. The increased 
risk for coronary events started within the first 5 years after radiotherapy and contin-
ued for three decades thereafter. It is unknown yet to which extent radiation therapy 
induces coronary microvascular dysfunction (CMD). Current smoking increases the 
sensitivity of myocardial cells to the ionizing effects of radiation therapy, enhancing 
the risk for fibrosis and IHD [7]. The use of breath-hold techniques for left-sided BC 
patients is currently more often applied to reduce the individual heart dose of radia-
tion [22, 23]. This technique may also be protective in right-sided BC patients who 
need loco-regional treatment (including the internal mammary lymph nodes) [24].

�Cardiotoxicity of Chemotherapy for Breast Cancer

The cardiotoxic effects of anti-neoplastic agents can be divided into irreversible cardio-
myocyte loss (type I) and reversible (type II) myocardial damage [25]. Type I is caused 
by anthracyclines, such as doxorubicin and epirubicin, and leads to cardiomyocyte 
apoptosis and necrosis. The harmful effects are cumulative and dose-dependent, with 
an interindividual range in toxic threshold depending on age (>65 years), renal failure, 
specific genetic polymorphisms, presence of hypertension, previous radiotherapy and 
combined use of type II agents [12, 26]. Subclinical LV deterioration occurs in 10–50% 
of treated patients, with a mean decline of 10% in LV function when compared to pre-
treatment values, especially in the first year after treatment [27, 28]. This early asymp-
tomatic loss of LV function can progress over time (years) to symptomatic heart failure 
(HF), which is most frequently seen in elderly women above 65 years of age. Of note 
is that subclinical HF may remain undiagnosed (for years), whereas symptoms of 
tiredness and dyspnea at effort are attributed to previous BC and ageing.

�Immuno- and Targeted Therapies

Trastuzumab is a monoclonal antibody indicated in >20% of BC patients who are 
positive for the human epidermal growth factor receptor 2 (HER2) and in women with 
metastatic BC. The use of trastuzumab has increased over the past 15 years and is 
associated with an absolute 14% higher incidence rate for HF with reduced ejection 
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fraction (HFrEF) or cardiomyopathy over 3 years of follow-up [29]. Although still 
debated, its cardiotoxic effects on LV function are assumed to be reversible (type II) 
and not related to cumulative dose but to the number of treatment sessions (see patient 
case) [30, 31]. Determinants of cardiotoxicity with trastuzumab are concomitant or 
prior treatment with anthracyclines, higher age, and the presence of hypertension. 
Trastuzumab cardiotoxicity usually manifests early during treatment [31]. In BC-trials, 
the incidence of symptomatic HF in trastuzumab-treated patients was 2–4% and the 
incidence of cardiac dysfunction was 3–19% [32–34]. In most BC registries treatment 
with trastuzumab is (temporarily) interrupted when ejection fraction (EF) falls below 
45% [34]. Although not proven yet, early administration of HF drugs, such as ACE 
and ARBs, is likely to limit LV deterioration [28]. Currently, novel anti-HER2 tar-
geted therapies are on the market (pertuzumab, lapatinib), which are potentially safer 
for the myocardium but less well investigated [35].

�Cardiovascular Risk with Anti-angiogenic and Endocrine 
Therapies

The use of vascular endothelial growth factors (VEGF) inhibitors, such as bevaci-
zumab for metastatic BC has increased over the past years. Nearly all patients who 
are treated with VEGF signaling inhibitors have an increase in blood pressure, often 
within 1 week of treatment [36]. The overall incidence of hypertension is reported 
to be 20–25% [37]. In a low percentage of patients (1–2%) signs if LV dysfunction 
and HF are described [38]. Given the high prevalence of hypertension in the ageing 
female population, adequate monitoring and management of blood pressure is 
needed when anti-VEGF agents are administered.

Endocrine therapy with the selective estrogen receptor modulator (SERM) tamoxi-
fen (TAM) has been used for over decades and has a very low CVD risk [39, 40]. It is 
approved as adjuvant therapy and palliative therapy for hormone receptor positive 
primary and metastatic BC. In patients at increased thrombotic and CVD risk, tamoxi-
fen may increase the occurrence of VTE and stroke [41]. In a meta-analysis it was 
recently found that aromatase inhibitors (AI) (exemestane, anastrozole, letrozole) are 
superior to TAM as adjuvant hormonal therapy for postmenopausal ER-positive BC 
[42]. However, AI’s are associated with increased risk of developing CVD especially 
with longer treatment durations [43, 44]. Conflicting data have been reported on 
adverse effects of AI’s on lipid profiles, which may add to a higher CVD risk [45].

�Optimal Cardiac Surveillance and Treatment During/After 
BC Therapy

The first step to identify patients at increased risk for cardiotoxicity during BC therapy 
is to assess their baseline CVD risk (see Table 7.1) [12]. It remains to be determined 
however, which determinants are most important to predict future cardiotoxicity. 
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Whereas BC treatment has evolved into highly patient-tailored treatment strategies, 
the concurrent use of cardiac evaluation tools that can accurately assess both cardiac 
function and structure is presently lacking in the cardiac monitoring of BC patients 
with the use of routine echocardiography or radionuclide angiography. It may be more 
appropriate to use new ultrasound techniques with 3D possibilities, strain imaging and 
cardiac magnetic resonance (MRI), which are safe for the patients and reveal more 
earlier signs of LV damage [46–48]. Cardiac MRI is complementary to echocardiog-
raphy and allows for unique and non-invasive insights into myocardial structure such 
as the tissue relaxation properties and the presence of diffuse fibrosis [49]. In Table 7.2 
the currently available diagnostic tools are described.

Thus far it is still debated whether preventive use of ACE inhibitors, ARBs and 
b-blockers is indicated before anthracycline treatment has started, when baseline EF 
is normal [12]. Cardiotoxic effects of trastuzumab can be reduced by a drug-free 
interval after initial chemotherapy [32, 50]. It is advised to temporarily interrupt 

Table 7.2  Diagnostic tools for the detection of cardiotoxicity

Technique Diagnostic criteria Advantages Major limitations

Echocardiography:

3D-based LVEF

2D Simpson’s 
LVEF

GLS

LVEF > 10 percentage 
points decrease from 
baseline suggestive for 
cardiotoxicity.

GLS >15% relative 
percentage reduction from 
baseline suggestive of 
cardiotoxicity.

Wide available

No radiation

Assessment other 
structural 
abnormalities

Inter-observer 
variability

Image quality

GLS technical 
requirements

Nuclear cardiac 
imaging

(MUGA)

LVEF > 10 percentage 
points decrease from 
baseline suggestive for 
cardiotoxicity.

LVEF < 50% suggestive of 
cardiotoxicity.

Reproducibility Cumulative 
radiation exposure

Limited structural 
and functional 
cardiac information

Cardiac magnetic 
resonance

(MRI)

Alternative when other 
imaging modalities are 
non-diagnostic.

Promising in detection early 
signs of cardiotoxicity.

Reproducibility

Early detection 
diffuse fibrosis with 
T1/T2 mapping

Limited availability

Time consuming

Cardiac biomarkers

Troponin 1

hs-Troponin 1

BNP

NT-proBNP

Indicators for potential 
benefit HF therapy

Reproducibility

Availability

High-sensitivity

Significance of 
subtle rise unknown

Variations with 
different assays

Routine use needs 
to be determined

Adapted from Zamorano JL et al. [12]
ACE angiotensin converting enzyme inhibitors, BNP B-type natriuretic peptide, GLS global longi-
tudinal strain, LV left ventricular, LVEF left ventricular ejection fraction, MUGA multigated radio-
nuclide angiography, NT-proBNP N-terminal fragment B-type natriuretic peptide
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trastuzumab therapy when EF falls below 45% or when there is a drop of >10% in 
LVEF from baseline. Several studies have confirmed the beneficial effects of HF 
medication such as ACE inhibitors, ARBs and (additional) b-blockers when sub-
clinical or overt HF occurs during BC treatment and more preventive studies are on 
the way [28, 51, 52]. Arrhythmias, especially atrial fibrillation (AF) can occur at all 
stages of BC treatment and need to be treated with antiarrhythmic drugs/b-blockers 
and antithrombotic medication, with considerations on quality of life, life expec-
tancy and potential (bleeding) risks. There is no evidence as yet that the use of a 
defibrillator (ICD) prolongs life when sever HF due to cardiotoxicity occurs (see 
patient case).
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Chapter 8
Cardiomyopathies in Women

Vera Regitz-Zagrosek, Denise Hilfiker-Kleiner, and Tobias Pfeffer

Abstract  Peripartum cardiomyopathy (PPCM) is a potentially threatening disease 
in low and middle income countries, where healthcare systems and supervision dur-
ing pregnancy are not well controlled and doctors are unaware of the disease. 
Symptoms and signs are typical for systolic HF and may develop rapidly, leading to 
severe acute systolic failure, ventricular arrhythmias or sudden cardiac death. 
Inhibiting prolactin secretion with Bromocriptine may offer a novel specific thera-
peutic option. Dilated cardiomyopathy (DCM) and hypertrophic cardiomyopathy 
(HCM), and probably also non-compaction and arrhythmogenic right ventricular 
CM have a greater prevalence in men than in women. This chapter contains expert 
information on sex differences in myocardial adaptation of the human heart.

Keywords  Arrhythmias • Bromocriptine • Cardiac resynchronization therapy 
(CRT) • Dilated cardiomyopathy (DCM) • Gender myocardial adaptation • Genetics 
• Heart failure • Heart transplantation • Hypertrophic cardiomyopathy (HCM)  
• Idiopathic dilated cardiomyopathy (IDC) • LV-assisted device (LVAD) • Peripartum 
cardiomyopathy (PPCM) • Pregnancy • Prolactin • Systolic heart failure

�Peripartum Cardiomyopathy

�Introduction

Peripartum cardiomyopathy (PPCM) occurs in all parts of the world [1]. The inci-
dence varies strongly in different parts of the world, emphasizing the involvement 
of genetic and/or cultural factors. Known predisposing factors are age >30 years, 
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multiparity and multiple childbirths, family history, ethnicity, genetic variants, 
pregnancy induced hypertension and prolonged use of beta-agonists. The aetiology 
of PPCM is uncertain and probably inhomogenous. Inflammation and autoimmune 
processes may play a role.

Epidemiological studies reveal that the incidence in Africa (1 in 100 to 1 in 1000 
pregnancies) and Haiti (1  in 299 pregnancies) is very high. Other countries like 
Europe, United States report rising rates of PPCM (in the USA from 1 in 4350 in 
1993 to 1 in 2.229 in 2002). The genetic background as well as lifestyle may con-
tribute to PPCM.  Furthermore, familial clustering of PPCM has been observed 
especially in families with both familial and sporadic idiopathic dilated cardiomy-
opathy (IDC) and that the presence of truncating gene variants in TTN is the most 
prevalent genetic predisposition for each of these disorders [2]. The combination of 
specific genetic conditions with the pathophysiological burden induced by late 
pregnancy may be a trigger for the disease.

In late pregnancy neo-angiogenesis is limited due to inhibition of Vascular 
Endothelial Growth Factor (VEGF) signaling by circulating soluble fms-like tyro-
sine kinase (sFLT) [3]. Furthermore, hemodynamic stress of late pregnancy may 
enhance stress to the heart and may lead to the increased production of free radicals 
that may now activate proteases such as Cathepsin D. This can cleave the nursing 
hormone prolactin into an antiangiogenic and into a pro-apoptotic fragment, which 
is probably a major cause of the disease in a number of patients [4]. Prolactin is 
synthesized at high levels around delivery and can be suppressed by established 
drugs like bromocriptine. Administration of bromocriptine in experimental models 
was able to prevent PPCM and first clinical studies are promising suggesting that 
the therapy is also effective in patients and suggesting that this pathophysiological 
mechanism indeed plays a major role and offers a clue to its treatment.

�Clinical Problem

The clinical problem of PPCM is high. Families, patients and doctors are confronted 
with an acutely occurring life threatening disease. It occurs in a setting where a 
major cardiovascular illness is often not suspected. This is particularly threatening 
in low and middle income countries, where healthcare systems and supervision dur-
ing pregnancy are not well controlled and doctors are unaware of the disease. Since 
the syndrome may develop very acutely and acute heart failure (HF) may develop 
very fast, extremely rapid action may be required. Patients with rapidly developing 
acute HF should be transferred to specialized care centers to make sure that all nec-
essary therapeutic modalities are available. Caution is also needed when PPCM 
develops with atypical clinical symptoms, with syncope, thromboembolism or 
severe renal or liver failure and the connection to the cardiovascular disease is not 
evident. PPCM develops more frequently in multipara. Particularly in developing 
countries the severe acute illness of the mother leaves families alone and puts also 
the younger siblings into danger.
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�Diagnostic Pathway

Unfortunately, there are no specific tests to confirm PPCM. It therefore remains a 
diagnosis of exclusion, which is suggested by a number of signs and symptoms. 
Most typical is the time of manifestation, in last month before and up to 6 months 
after delivery. Symptoms and signs are typical for systolic HF and may develop 
rapidly, leading to severe acute systolic failure, ventricular arrhythmias or sudden 
cardiac death [1, 4, 5]. Many of these symptoms are considered more or less normal 
during pregnancy and there is only a gradual difference between complaints that are 
judged to be normal during pregnancy and those of PPCM. Therefore doctors have 
to be suspicious if dyspnea and edema in pregnancy are more pronounced than they 
should be. It is most important, to differentiate aggravation of pre-existing heart 
disease by pregnancy-mediated hemodynamic changes from PPCM. Unusual mani-
festations, as mentioned above, may also be the dominant sign. Therefore doctors 
must assure that not hidden signs of HF are underestimated during pregnancy or 
postpartum. Complex ventricular arrhythmias and sudden cardiac arrest as first 
manifestations are also described, but are, as other ECG changes, non-specific 
findings.

Echocardiography is the diagnostic method of choice. Systolic dysfunction is 
always present, ventricular dilatation is usually present but may also be absent [6]. 
Using sex-based normal values is important for correct estimation of ventricular 
size. Diastolic function will be impaired but is not a hallmark of the disease. Right 
ventricular function is important for prognosis [7]. Atrial and ventricular thrombi 
must be identified, for which magnetic resonance imaging (MRI) is a most sensitive 
method.

The biomarkers natriuretic peptides (BNP or NT-proBNP) are usually elevated 
according to the severity of HF sFlt-1, which is now developed into a diagnostic tool 
for preeclampsia, may be elevated but is not a reliable biomarker for PPCM [3]. 
Cathepsin D, 16-kDa prolactin, mircroRNA-146a, Interferon-γ, asymmetric dimeth-
ylarginine should be altered based on pathophysiological considerations and are 
being tested for their use in PPCM, but not yet ready for use in clinical practice [8].

�Treatment Options and Advise

Treatment in PPCM is the same as for dilating cardiomyopathy (DCM), but ACE-
inhibitors and Angiotensin-1 receptor blockers (ARB) are contraindicated because 
of possible renal and other fetotoxicity [4]. Diuretics can be used but physicians 
should be aware that they reduce placental perfusion and may have negative 
impact on fetal development [4]. Beta blockers may be used, of which most expe-
rience exists with metoprolol. Care should be taken to expect rapid progression of 
HF and to consult specialized centers early. The guidelines for the management of 
acute HF should be followed and devices, pacemakers or mechanical circulatory 
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support may be used. If HF persists or progresses despite optimal medical therapy, 
the use of mechanical circulatory support (MCS), cardiac resynchronization ther-
apy (CRT) or LV-assisted device (LVAD) can be considered [5, 9]. These mea-
sures should be discussed with specialists. If MCS is not possible or not desirable 
for individual reasons or for patients who do not recover after 6–12 months on 
MCS, cardiac transplantation may be a possibility. Patients with PPCM have a 
similar prognosis after transplantation as patients with DCM [5]. However, the 
prognosis of PPCM is different from DCM. More than 50% of patients will have 
a significant improvement in LV function over the first 6 months after diagnosis 
[4]. This high rate of spontaneous recovery must be considered when decisions 
are made [10].

Based on specific pathophysiology and specific disease mechanisms some treat-
ment options beyond the standard therapy of HF are arising. Vascular mediators 
(relaxin-2, sFlt1) may contribute to the development of PPCM and impair subse-
quent myocardial recovery [11, 12]. Furthermore, cleavage of the lactating hor-
mone prolactin into anti-angiogenic and pro-apoptotic fragments may contribute to 
PPCM [13]. Inhibiting prolactin secretion with Bromocriptine may offer a novel 
specific therapeutic option [1, 4, 5, 14]. A recent small prospective randomized 
pilot study supports the hypothesis that the addition of bromocriptine to standard 
HF therapy has beneficial effects on ventricular ejection fraction and clinical out-
come in women with acute severe PPCM [15]. Larger trials are underway [16]. See 
the patient case.

Patient. Peripartum Cardiomyopathy

One week after a complication free delivery of her third child, a 35 year old woman presented

with dyspnoea in the emergency ward. Her heart rate was 103/bpm and blood pressure was

123/74 mmHg. Clinical laboratory showed high blood levels of NT-proBNP (1387 ng/l) and

moderately increased s-cTroponin T (31 ng/l) while S-CK and S-CKM were in normal range.

Haemoglobin was low (106 g/l). ECG revealed sinus rhythm and a LBBB. Echocardiography

showed severely decreased left ventricular systolic dysfunction with an LVEF of 13% (MRI 13%,

with dilated LV (LVEDD 6.7 cm) and moderate to severe mitral valve regurgitation. MRI

displayed no signs of late enhancement. Anamnese revealed that dyspnoea had started

already two weeks before delivery and became worse afterwards. Her general physician

prescribed a cortisone inhaler to ease dyspnoea symptoms. The patient was diagnosed with

PPCM at hospitalization. Treatment was started with standard medication of heart failure (HF)

(beta-blocker, ARB, diuretics, mineralocorticoid receptor antagonist and ivabradine) and with

the prolactin blocker bromocriptine (2.5-5.0 mg for 8 weeks) in combination with Vitamin K

antaginists. Due to her severe HF she obtained a wearable cardioverter defibrillator (WCD) for

primary prevention of sudden cardiac death. After 6 months the patient reported overall

better clinical status with no dyspnoea. Echocardiography showed moderate recovery to an

LVEF of 27% however, with further LV dilatation  (LVEDD 7.6 cm). MRI displayed late

enhancement inferior at the insertion of the RV. NT-poBNP was still moderately elevated (369

ng/l) while all other cardiac enzymes were normal. The WCD report showed sinus

tachycardia's in the follow up and a CRTD system with ICD function was implanted.

Bromocriptine was added again to the therapy. Follow-up monitoring showed slow but

continuous recovery to an LVEF of 50% with normal ventricle dimensions after 2 years.            
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2D ECHO, baseline MRI, baseline 

Echocardiography shows severe HF with systolic LV dysfunction and LV dilatation at
diagnosis.

MRI revealed no late enhancement at diagnosis

As soon as the baby is delivered, and the patient is hemodynamically stable, stan-
dard therapy for HF can be applied. Due to high metabolic demand and fluid intake 
during nursing it may be considered to stop lactation and breast feeding in PPCM 
patients with severe illness, after weighing all arguments in favor of breast feeding. 
As outlined below, bromocriptine is recommended for ablactation because of poten-
tial beneficial side effects on PPCM [13, 17]. In patients with PPCM, a subsequent 
pregnancy carries a recurrence risk of 30–50% [10, 18]. When ejection fraction has 
not normalized a subsequent pregnancy should be discouraged. Even if ejection 
fraction is restored to normal, there is still a need for counseling for recurrence risk.

Table (s) with treatment guidelines

Therapy/disease 
manifestation

ACEI, 
ARB, 
ß-blockers Diuretics

Digitalis, 
levosimendan, 
nitrates, 
hydralazine Others

Manifestation 
before partum

Delete 
ACEI, ARB

Possible, 
use with 
caution

Possible LMW heparins and 
coumarins may be 
considered for 
anticoagulation

After partum Delete 
ACEI, 
ARB, if 
breast 
feeding is 
planned

Possible Possible As above

Severe Heart 
failure

See above Possible Possible Consider transfer to 
specialized center, 
discuss mechanical 
support

Please refer to recent guidelines for details [4]
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�Dilated Cardiomyopathy

�Introduction

Cardiomyopathies (CM) represent rare, but severe causes of HF. Most genetic CM 
are due to autosomal gene variations and are therefore expected to occur with the 
same prevalence in women and men. However, dilated cardiomyopathy (DCM) and 
hypertrophic cardiomyopathy (HCM), and probably also non-compaction and 
arrhythmogenic right ventricular CM have a greater prevalence in men than in 
women [19–21]. It has been hypothesized that women are better protected against 
ventricular dilatation and systolic dysfunction than men or, compensation for the 
genetic defect in these syndromes appears to be more efficient in women. Therefore, 
genetic defects lead more rarely to manifest disease in women than in men [22].

�Clinical Problem and Pathophysiology

Dilated cardiomyopathies manifest as acute or chronic HF.  Pathophysiology is 
based on functional and morphological alterations of the left and or right ventricle 
and the response of the periphery. Sex-specific adaptation of the heart will lead to 
more dilated eccentric ventricles in men and smaller, more hypertrophic ventricles 
in women [22] (Fig. 8.1). However, this has not yet been fully analyzed in the human 
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and no sex-specific normal values exist. Metabolic switches also differ among 
women and men. Men exhibit a stronger downregulation of fatty acid oxidation 
[23]. In animal models, significant sex differences are found for different types of 
CM induced by different genetic lesions. In most of the genetic CM models, male 
mice appear more sensitive to genetic interventions than females, and exhibit higher 
mortality, more severe hypertrophy and more functional impairment. Some of these 
models mimic human CM. In some models, the severe phenotype in the males could 
be prevented by estrogen administration [24]. A number of disease genes, most of 
them affecting cytoskeletal and sarcomere composition, for DCM have been identi-
fied, without difference between women and men [2]. A number of cases remains 
unexplained so far. Diagnosis of genetic components is particularly important, 
when younger women and men with a desire for children are affected. Specialists 
for genetic counseling should be involved in management of these patients.

Dilated cardiomyopathy may occur in pregnancy. The clinical manifestation and 
diagnostic criteria resemble the non-pregnant disease manifestation. They differ 
from PPCM by the time of manifestation. DCM is often unmasked during the first 
or second trimester when the hemodynamic load is increasing. Preexisting DCM 
may exhibit marked deterioration during pregnancy [4]. Patients with LVEF <40%, 
a predictor of high pregnancy risk, should be monitored in a tertiary care centre. 
Worsening of DCM during pregnancy may occur and in patients with very severe 
disease, abortion should be discussed.

�Diagnostic Pathway

Diagnosis is based on the clinical signs and symptoms of heart failure—dyspnea, 
fatigue and exercise intolerance—and alterations of ventricular morphology and 
function after exclusion of a specific cause for HF. No sex-specific guidelines exist. 
First diagnosis is usually made by echocardiography, according to the guidelines. 
Volumes are enlarged, ventricular walls are thin, systolic function and in most cases 
also diastolic function is decreased. Ventricular, atrial and vascular diameters should 
be normalized to body surface area to correct for different body sizes in women and 
men. Coronary angiography and myocardial biopsy may be needed to exclude spe-
cific causes of HF, such as coronary, valvular or inflammatory disease. In the ECG, 
a number of different arrhythmias may be visible. Heart rate-corrected QTc inter-
vals are usually longer in women than in men, putting them into greater danger for 
ventricular arrhythmias. Atrial fibrillation is a more frequent event in men, but has a 
greater negative impact on the prognosis in women [25].

The most important biomarker is NT-BNP. Its increase is associated with adverse 
prognosis. Some studies have claimed that sex-specific normal values should be 
considered, but this has not been convincingly worked out. High-sensitive Troponin 
is emerging as a novel biomarker and it appears that women have lower normal 
values than men [26]. Its sex-specific predictive value in DCM has not yet been 
clarified.
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�Treatment

�Medical Therapy

Standard therapy for HF is used for treatment of DCM. Even though some sex dif-
ferences are described for the effects and adverse effects of medical therapy this has 
not yet let to sex-specific recommendations in the guidelines. Mortality under digi-
talis treatment was higher in women than in men in a post-hoc analysis of the largest 
randomized prospective trial on digitalis in HF [27]. Women with HF also have a 
higher rate of adverse drug events than men especially with diuretics, anticoagu-
lants, digoxin and ACEI [26]. Since DCM may occur in pregnancy, specific prob-
lems arise when pregnant women are concerned. In this case, ACEI and ARB must 
be withdrawn, Diuretics and antithrombotic drugs must be used with more caution, 
as described above for PPCM.

�Cardiac Resynchronization Therapy (CRT)

Resynchronization therapy is an emerging new option for treatment of DCM and 
HF. So far, women are poorly represented in clinical trials for cardiac resynchroniza-
tion therapy (CRT) [28–30]. Surprisingly, women experienced more benefit from CRT 
than men [30, 31] and even earlier indications for its use in women have been dis-
cussed. In a recent FDA meta-analysis, three major clinical trials with mild HF sug-
gested an indication for CRT in women with a shorter QRS-duration than in men [32].

�Ventricular Assist Device (VAD)

There are no sex differences in the recommendations. However, just based on body 
size, less women qualified for device therapy in recent years. A severe survival defi-
cit in women after device implantation was identified by registry analysis of the 
international society of heart and lung transplantation (ISHLT). This is now being 
changed with miniaturization of the devices. If women and men were compared 
independent of the device type and clinical state at presentation is taken into account 
survival benefit for both genders seems to be similar [33]. Referral of women in 
more severe disease state in earlier studies may explain some of the survival disad-
vantages described.

�Heart Transplantation

More men than women undergo the demanding procedure of heart transplantation. 
Women are more frequently donors whereas men are more frequently recipients. In 
a large cohort of patients with idiopathic DCM at the German Heart Institute less 
than 20% were women, suggesting a referral bias against women. Women referred 
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for transplantation were more frequently in NYHA III-IV than men, had lower exer-
cise tolerance, respiratory efficiency and kidney function. Women referred for trans-
plantation also had a significantly lower incidence of diabetes than men, 
notwithstanding the same prevalence of diabetes in women and men with heart 
failure. We conclude that women are referred at a more advanced disease state and 
relative contraindications such as diabetes are taken more seriously in women [25]. 
An international multicenter prospective study on referral for heart transplantation, 
organ allocation and survival appears mandatory. See Fig. 8.2.

�Outcomes

In general, women have better clinical outcomes than men, even though they have 
poorer quality of life [34]. In most cases of DCM, women appear to survive better 
than men. Thus it has been suggested that women have more efficient compensatory 
mechanisms to compensate stress. Less profibrotic changes in the heart and a better 
metabolic adaptation may play a role there [19, 20]. These observations may pave 
the way for new therapeutic developments [35, 36].

�Hypertrophic Cardiomyopathy

�Introduction

Hypertrophic cardiomyopathy (HCM), and probably also non-compaction and 
arrhythmogenic right ventricular CM have a greater prevalence in men than in 
women [19–21]. This is astonishing, since they are transmitted by autosomal vari-
ants that occur with the same frequency in women and men [26]. As in DCM, it 
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has been hypothesized that women are better protected against fibrosis and ven-
tricular dysfunction than men or, compensation for the genetic defect in these 
syndromes appears to be more efficient in women [22]. Sex specific survival pat-
terns have not yet been broken down to specific HCM mutations, which are 
detected in increasing numbers. Phenotypes also depend on genotypes. In a case 
with a TNI mutation, transition of HCM to DCM has been described in a young 
woman [37].

�Clinical Problem, Manifestation in Pregnancy

Severe problems in HCM arise from the fact that they most often manifest in young 
adults. In men, they often cause sudden death in active sportsmen and it is not clear 
why this is not the case in women. Clinical features of HCM are frequently more 
severe in men than in women, if with the same genetic variant. We described a fam-
ily where the mother, apparently clinically unsuspicious and undiagnosed transmit-
ted the assumed disease gene, a variant in the MYBPC3, to three sons that underwent 
heart transplantation or pacemaker implantation at young age (Fig. 8.3). Genetic 
diagnosis is the same for women and men. Diagnosis of genetic components is par-
ticularly important, when younger women with a desire for children are affected. An 
experienced counselor should be involved in these cases.

HCM is common and frequently diagnosed for the first time in pregnancy [4]. 
Women with HCM usually tolerate pregnancy well. Increased risk exists in those 
who are symptomatic before pregnancy, those with significant diastolic dysfunction 
and in those with a high outflow tract gradient or with arrhythmias. They need 
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specialized obstetrical care [38–40]. Syncope may occur during physical activity as 
a response to outflow tract obstruction. Echocardiography is the diagnostic tool of 
choice, as in non-pregnant women.

�Diagnostic Pathway

Clinical signs, chest pain at exercise, syncope, palpitations are diagnostic hints. 
Most patients tolerate exercise very well, particularly in early stages. First diagnosis 
is usually made by echocardiography. MRI now gives a more comprehensive fea-
ture of ventricular morphology and/or thrombi. For indications for invasive therapy, 
exercise studies with measurement of pulmonary artery pressure or wedge pressure 
are helpful. No sex specific normal values exist. Careful screening for ventricular 
arrhythmia is mandatory.

�Treatment in Pregnant and Non-pregnant Women

Treatment follows guidelines without specific recommendations for women and 
men. Beta blockers, and Ca-antagonists are the drugs of choice. Atrial fibrillation 
should be managed according to guidelines. Ablation therapy may be used in 
cases of severe septal hypertrophy. Search for ventricular arrhythmia is 
mandatory.

If HCM occurs in pregnancy, prognosis is favorable. β-Blockers should be con-
sidered in all pregnant HCM patients. Verapamil can be used as a second choice 
when β-blockers are not tolerated (be aware of causing AV block in the fetus). 
Cardioversion should be considered for persistent atrial fibrillation which is poorly 
tolerated. Patients with a past history or family history of sudden death need close 
surveillance [41]. Delivery should be planned and performed under β-blocker pro-
tection. Most patients can carry through a normal delivery. Epidural anesthesia is 
not recommended because of its vasodilator effects.
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Chapter 9
Heart Valve Disease in Women

Eva Gerdts

Abstract  Sex-differences are present in the various types of aortic valve disease and 
aortic root abnormalities. The typical aortic stenosis (AS) patient with a small aortic 
root is an elderly woman with atherosclerosis and reduced systemic arterial compli-
ance. Sex-differences in outcomes after transcatheter aortic valve replacement 
(TAVR) are still debated. Primary mitral regurgitation (MR) is more common 
among women, while secondary MR is more common among men. Women with 
severe MR are diagnosed and operated at a later stage than men. This chapter gives 
an update on current diagnosis and management of women with AS or MR, the most 
common types of valvular heart disease.

Keywords  Aortic root diameter • Aortic stenosis (AS) • Aortic valve disease • 
Echocardiography • LV adaptation • Mitral regurgitation (MR) • Surgical aortic 
valve replacement (SAVR) • Transcatheter aortic valve replacement (TAVR) • 
Transvalvular flow • Valvular heart disease

�Introduction

During the past 50 years there has been a dramatic shift in the causes and manage-
ment of valvular heart disease. In Western societies a marked decline in the inci-
dence of rheumatic valve disease and an increase in age and cancer therapy related 
degenerative valve disease have occurred in women. Technical development in non-
invasive imaging methods like echocardiography, cardiac magnetic resonance 
imaging (cMRI) and computed tomography (CT) has given the possibility of pre-
cise, advanced diagnosis of valvular heart disease and its progression over time. 
Furthermore, new catheter-based treatment of aortic and mitral valve disease has 
enabled treatment of severe aortic valve stenosis (AS) and mitral valve regurgitation 
(MR) in elderly women, that could not be treated with conventional open heart sur-
gery. The current chapter gives an update on contemporary diagnosis and manage-
ment of women with AS or MR, the most common types of valvular heart disease.
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�Aortic Valve Stenosis

�Epidemiology

Degenerative AS is a progressive disease with a spectrum ranging from mild aortic 
valve thickening without obstruction to left ventricular outflow, termed aortic valve 
sclerosis, to severe valve calcification with outflow obstruction requiring valve 
replacement [1, 2]. AS is the most common type of valvular heart disease requiring 
valve replacement [1, 2]. Epidemiologic data from the Tromsø study in Norway has 
demonstrated that the prevalence of AS increases with age, being 0.2% in general 
population <60  years of age, 3.9% among subjects aged 70–79  years and 9.8% 
among subjects >80 years of age [3]. From the Cardiovascular Health study in the 
US, it was demonstrated that among subjects over 65 years of age, aortic valve cal-
cification was 50% less common in women than in men, and progression from aor-
tic valve sclerosis to AS was also less common in women [4]. In their study, the 
association of cardiovascular (CV) risk factors and incident AS was also demon-
strated: smoking and hypertension were associated with a 35% respectively 20% 
increased risk for incident AS [4]. Aortic stenosis due to congenital abnormality is 
three times more common among men than women [5], while degenerative AS is 
more common among women with a women to men ratio of 1–0.76 [6].

�Diagnosis

In AS progressive calcification of the valve cusps lead to increasing obstruction of 
left ventricular(LV) outflow tract with secondary left ventricular hypertrophy [1, 2]. 
In AS patient with concomitant hypertension or obesity, LV hypertrophy may be 
present even in subjects with mild AS [7, 8]. Presence of left ventricular hypertro-
phy (LVH) was recently demonstrated as an independent marker of impaired prog-
nosis in AS, independent of the severity of the disease [9]. Aortic stenosis is 
clinically suspected when a systolic ejection murmur is heard parasternally, typi-
cally in the second right intercostal space, and often radiating to the carotid arteries. 
A severe AS may be suspected from auscultation if the second heart sound is attenu-
ated or absent in subjects >70 years.

Echocardiography is the first line test to confirm the diagnosis and grade the 
severity of the AS, thereby making the foundation for further management of the 
individual patient [1, 2]. By echocardiography, peak aortic jet velocity, mean trans-
valvular gradient and effective valve opening area are used for grading of AS sever-
ity [1, 2]. In subjects with small body size, indexation of the valve opening area for 
body surface area is recommended to avoid overestimation of AS severity, while in 
obese subjects, such indexation may lead to overestimation of the AS severity [10]. 
The recommended cut-off values for mild, moderate and severe AS are similar for 
women and men.
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The dimension of the aortic root may significantly impact the accuracy of the 
severity grading of AS [11]. The impact of a small aortic root on grading of AS is 
most prominent in milder degree of AS, and diminishes with increasing AS severity 
[11]. Women have a smaller aortic root dimension than men in normal population 
[12, 13], and a small aortic root is particularly common among elderly women with 
AS, and also associated with atherosclerosis in the proximal aorta [12]. In patients 
with mild AS and a small aortic root dimension, the actual AS severity may be over-
estimated by 30% if the aortic valve area is not adjusted for post-stenotic pressure 
recovery. The improved CV risk prediction in AS patients by pressure recovery 
adjusted aortic valve area (energy loss index) is well demonstrated [14]. However, 
irrespective of the AS severity, presence of a small aortic root is associated with 
increased risk for CV events and death in patients with asymptomatic AS [12]. The 
typical AS patient with a small aortic root is an elderly woman with atherosclerosis 
and reduced systemic arterial compliance.

In patients with AS, progression rate of the disease does not differ between 
women and men [15]. However, there is a large variation in individual disease pro-
gression rate among AS patients, and in particular comorbidities like diabetes, ath-
erosclerosis and renal disease may all lead to more rapid progression. Serial 
assessment of disease severity by echocardiography is therefore recommended in 
the guidelines [2].

As a consequence of AS progression, increasing pressure overload of the LV 
occurs with compensatory structural changes in LV. Typically, concentric LVH is the 
most common LV geometric pattern in severe AS [15]. Distinct sex-differences in 
LV adaptation during progression of AS have been described in patients with severe, 
symptomatic AS, including women having larger LV wall thicknesses and more con-
centric LV geometry with smaller internal cavity and larger relative wall thickness 
than men [16]. However, these differences were not found in patients with moderate, 
asymptomatic AS [17]. It is well documented that women, independently of LV size, 
also preserve better LV systolic function than men during progression of AS, whether 
measured as ejection fraction, midwall function or global longitudinal strain [16–
19]. These sex-specific clinical and echocardiographic findings are mirrored by find-
ings in experimental studies in AS, documenting more endocardial fibrosis and 
abnormal collagen architecture with increased cross-hatching in men [19], and sex-
specific activation of pro-fibrotic genes resulting in more interstitial fibrosis in men 
[20]. Furthermore, a sex- and estrogen-dependent regulation of a fibrosis-related 
miRNA network was reported in a pressure overload model in mice [21].

While most women with AS may be accurately diagnosed by echocardiography, 
discordant grading (moderate AS by mean gradient and severe AS by aortic valve 
area) may occur in up to 30% of individuals [11]. In these patients, low transvalvu-
lar flow is often present, whether assessed by stroke volume index <35 mL/m2 or by 
trans-aortic flow rate <200 mL/s [1, 22]. In such patients, additional tests including 
exercise testing, pharmacological stress-echocardiography and multidetector com-
puted tomography (CT) scanning of the aortic valve may be indicated for accurate 
grading of AS severity and presence of symptoms. Such advanced diagnostic testing 
in AS is best performed at experienced heart valve centres.
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CT of the aortic valve has revealed that calcification is more pronounced in men 
than in women independent of the severity of the AS [23]. With CT, calcification is 
measured by Agatston score. Recently, sex specific cut-off values for CT Agatston 
identifying severe AS (>1200 AU in women and >2000 AU in men) were prognosti-
cally validated [24]. These cut-off values may be used for detection of severe AS in 
patients with low flow and discordantly graded severe AS by conventional 
echocardiography.

�Treatment Options

Aortic stenosis is asymptomatic until severe hemodynamic pressure overload is 
present. When the cardinal symptoms of angina pectoris, syncope and heart failure 
appear in patients with severe AS, aortic valve replacement is indicated. It is well 
recognized that perioperative mortality and complications are higher in women than 
in men undergoing surgical aortic valve replacement (SAVR) [2]. This has been 
attributed to higher age and comorbidity burden in women including more hyper-
tension and obesity and the usually smaller body size in women [2]. In contrast, 
concomitant coronary artery disease and renal impairment are more common in 
men than in women with AS.  Nowadays transcatheter aortic valve replacement 
(TAVR) may be an option for AS patients who cannot be treated surgically or who 
have an inacceptable high operative risk [2]. The PARTNER trial recently docu-
mented that in high risk patients with AS, treatment with TAVR and SAVR had a 
comparable 1-year risk for combined mortality and major stroke [25]. A retrospec-
tive analysis of the 2-year outcome in the PARTNER trial documented the superior 
outcome with TAVR in women, in particular when femoral access was used [26]. 
However, men in the PARTNER trial had a higher prevalence of diabetes, renal 
impairment and previous coronary artery bypass grafting, all factors that may have 
impacted the 2-year outcome beyond the type of treatment. A smaller study in 
patients with severe AS, documented that lack of postoperative regression of LV 
hypertrophy was particularly associated with reduced survival in women [27]. 
Therefore, a prospective study designed to assess sex differences in outcome after 
TAVR is warranted.

�Mitral Valve Regurgitation

�Epidemiology

In Europe, mitral regurgitation (MR) is the second most common valve disease 
requiring surgery [2]. Pathological changes in any of the mitral valve components 
may lead to MR.
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Mitral regurgitation may be primary (due to structural disease of the valve itself) 
or secondary (due to regional or global functional disease in the LV or dilated left 
atrium) [1, 2]. The most common cause of primary MR in developed countries is a 
mitral valve prolapse. A mitral valve prolapse results from a disproportion between 
the valve’s connective elements (leaflets, annulus and chordae) and the muscular 
support (papillary muscle and left ventricular myocardium) [28]. Mitral valve pro-
lapse may be a primary condition or secondary to several disorders, including heri-
table disorders like the Marfan syndrome or the Ehlers-Danlos syndrome, ostium 
secundum atrial septal defect, anorexia nervosa or cardiomyopathy [28]. Other 
causes of primary MR are severe myxomatous degeneration with gross redundancy 
of both leaflets and the chordal apparatus (Barlow’s disease) and fibro-elastic defi-
ciency disease, in which lack of connective tissue leads to chordal rupture or less 
common causes like connective tissue disorders, rheumatic heart disease, cleft 
mitral valve, radiation heart disease, annulus calcification or infectious endocarditis 
[1]. Secondary MR is caused by idiopathic myocardial disease or coronary artery 
disease. In patients with coronary artery disease, mitral annulus dilatation second-
ary to post-myocardial infarction remodelling of the LV or ischemic rupture of 
chordae may occur.

Primary MR is more common among women, while secondary MR is more com-
mon among men. Both leaflets and annulus are normally larger in women than in men, 
probably explaining the somewhat higher prevalence of mild mitral valve prolapse in 
women [29]. Mitral regurgitation is found in around 20% of adult general population 
[30]. In the population based Strong Heart Study, presence of MR was independently 
associated with female sex, older age, lower body mass index, renal dysfunction, as 
well as with prior myocardial infarction or other mitral valve disease [31].

�Diagnosis

A MR is clinically suspected when a holosystolic murmur is heard at the apex of the 
heart and radiating to the axillary region. The MR must be at least moderate severe 
to be diagnosed by auscultation. Echocardiography is recommended as first test to 
diagnose the cause and severity of a MR. There are no sex differences in guideline 
recommendations for diagnosis or grading of MR [1, 2].

A combination of transthoracic (TTE) and transesophageal (TEE) echocardiog-
raphy may be necessary to detect the cause of the MR as well as consequences for 
LV and atrial structure and function and presence of secondary pulmonary hyper-
tension. Three-dimensional TTE is superior to conventional 2-dimensional TTE in 
visualization of valve structure and function. Three-dimensional TEE is used for 
guidance during catheter-based mitral valve procedures.

Assessment of MR involves detailed evaluation of its etiology and mechanism. 
The mechanism of the MR may be described by the Carpentier’s classification of 
leaflet motion: type 1 normal leaflet motion (e.g. annular dilatation, leaflet perfora-
tion or mitral valve cleft), type 2 excessive leaflet motion (i.e. chordal elongation or 
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rupture, prolapse) and type 3 restricted leaflet motion (i.e. coronary artery disease, 
LV dilatation with leaflet tethering) [32]. In patients with type 3 MR due to posterior 
myocardial infarction, the regurgitation jet is usually eccentric with posterior leaflet 
tethering. In patients with type 3 MR due to previous anterior myocardial infarction 
or non-ischemic cardiomyopathy, the regurgitation jet is usually central. Multiple 
variables with somewhat different criteria are integrated in grading of primary and 
secondary MR, including qualitative (mitral valve morphology, colour and continu-
ous wave Doppler), semiquantitative (vena contracta width, mitral inflow, pulmo-
nary venous flow), quantitative (regurgitant volume, effective regurgitant orifice 
area) and supportive measurements (LV and left atrial structure and function and 
pulmonary arterial pressure).

If a discrepancy between symptoms and MR grading at rest is found, exercise 
echocardiography is recommended. Cardiac MRI may be used for assessment of LV 
and left atrial volumes and scar tissue, and may precisely quantify MR volume. 
Cardiac CT can also be used for accurate assessment of mitral valve anatomy. 
Advanced diagnostic testing in MR is best performed at experienced heart valve 
centres.

�Treatment

The optimal treatment of a MR is based upon the underlying pathology in the indi-
vidual patient [32]. Current guidelines do not include sex-specific recommendations 
[1, 2]. In patients older than 50 years of age with moderate MR, yearly mortality 
rate is 3% and 6% in those with severe MR with medical treatment [33], while in 
patients with mild to moderate MR 5-year event-free survival is more than 95%. In 
patients with mitral valve prolapse, the prolapse location, presence of valvular or 
annular calcification and the severity of annular dilatation may all affect the feasibil-
ity and choice of surgical and transcatheter mitral repair. Novel devices for trans-
catheter treatment of mitral valve disease are rapidly developing. To date 
catheter-based reduction of MR may be obtained from MitraClip, direct or indirect 
annuloplasty and valve replacement.

The effect of surgical treatment of MR is best documented for primary MR [1, 
2]. Patients with severe symptomatic MR and left ventricular ejection fraction >30% 
are generally recommended for surgery. For asymptomatic severe MR, an end-
systolic LV dimension >40 mm (>45 mm in European guidelines) and a LV ejection 
fraction <60% are criteria suggesting referral for surgical treatment [1, 2]. Since 
women normally have smaller hearts and higher ejection fraction [17], these criteria 
may lead to underdiagnosis of asymptomatic severe MR in women. From a review 
of more than 180,000 Medicare beneficiaries, women with MR undergoing mitral 
valve surgery had lower survival than men, independent of type of valve surgery 
(mitral repair or replacement, respectively) [34]. The lower survival was attributed 
to higher preoperative risk in women, in particular heart failure, atrial fibrillation 
and respiratory failure, all reflecting more longstanding and severe MR at the time 
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of referral for surgical treatment. The authors suggested a physician referral bias, 
but women seeking medical care at a later stage and lack of sex-specific criteria for 
the echocardiographic diagnosis of severe MR may also have contributed. Therefore, 
a prospective study of modern MR treatment using sex-specific criteria for diagno-
sis of severe MR is spoken for.

Key Issues Valvular Heart Disease in Women
•	 Congenital aortic stenosis (AS) occurs more often in men, while degenera-

tive AS is more prevalent in women
•	 The typical AS patient with a small aortic root is an elderly woman with 

atherosclerosis and reduced systemic arterial compliance
•	 Women preserve better LV systolic function than men during progression 

of AS
•	 Men have more calcification of the aortic valve than women, independent 

of the severity of AS
•	 Perioperative mortality and complications of aortic valve surgery are 

higher in women than in men
•	 Gender differences in outcomes after transcatheter aortic valve replace-

ment are still debated
•	 Primary mitral regurgitation (MR) is more common among women, while 

secondary MR is more common among men
•	 The prevalence of mild MR is higher in women than in men
•	 Women with severe MR are diagnosed and operated at a later stage than 

men

Case 1. Woman with symptomatic aortic valve stenosis
Ann is a 78 year old retired nurse. She has been treated for hypertension for 
about 25 years, but has otherwise been in good health her entire life. Currently 
she uses only an ARB. Lately she has suffered from exertional dyspnea, and a 
systolic murmur was detected when she visited her general practitioner. She 
is therefore referred to cardiology outpatient clinic.

Clinical examination reveals that she has a systolic ejection murmur, best 
heard in the second left intercostal space. The murmur radiates to the carotid 
arteries and the second heart sound is reduced. The blood pressure is 
190/70 mmHg, the heart rate regular at 76 bpm. A 12-lead electrocardiogram 
is taken and demonstrates sinus rhythm, left ventricular hypertrophy by 
Sokolow-Lyon voltage criterion, and left ventricular strain pattern. Thus, 
from the clinical examination a symptomatic, severe aortic valve stenosis is 
suspected.

By echocardiography a severely calcified aortic valve is visualized. Peak 
jet velocity is 3.8  m/s, mean transvalvular gradient is 34  mmHg, and the 
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effective aortic valve area is 0.80 cm2. The left ventricle has concentric left 
ventricular hypertrophy, ejection fraction is 64%, stroke volume is 29 mL/m2 
and the aortic bulbus diameter is 2.9  cm, reflecting a small aortic root. 
Adjusting the aortic valve area for pressure recovery in the aortic root (energy 
loss index) gave an estimated valve area of 0.91  cm2. Spirometry demon-
strated normal lung function.

The patient was referred to the heart valve team. Conventional echocar-
diography gave discordantly graded aortic stenosis severity, and our patient 
had a low flow, low gradient severe aortic stenosis with normal left ventricular 
ejection fraction. The heart team recommended additional imaging. A low-
dose dobutamine stress echocardiography was performed, demonstrating a 
fixed aortic stenosis with increase of the peak jet velocity and mean gradient 
to 4.2 m/s and 44 mmHg, respectively, and a reduction of the effective aortic 
valve area to 0.74 cm2. A computed tomography scan of the aortic valve, aorta 
and coronary arteries was also performed. The aortic valve calcium score was 
1600, the ascending aorta was calcified, but there are no significant coronary 
artery stenoses.

Conclusion: Ann has a low flow low gradient severe aortic stenosis as 
confirmed by the additional imaging tests, causing her symptoms. She was 
recommended transcutaneous aortic valve replacement.

Case 2. Woman with mitral valve regurgitation
Mary, 48 years old, is a teacher in primary school. Her favourite leisure time 
activities are mountain hiking and climbing. Until recently her health was 
excellent except for an ankle fracture after a fall a couple of years ago. 
However, the last 5–6 months she has experienced increasing palpitations and 
a reduction in physical capacity. Since her mother died from a heart attack 
59 years old, she is now referred to the cardiology outpatient clinic by her 
general practitioner.

Clinical examination reveals blood pressure 130/70  mmHg and regular 
heart beat 64/min. Auscultation reveals a systolic murmur, best heard at apex 
and radiating to the left axillary region. Pulmonary auscultation is normal, 
and there is no peripheral oedema. Resting 12-lead electrocardiogram was 
normal. Echocardiography showed a prolaps and chordal rupture in the P2 
segment of the posterior mitral leaflet. The regurgitant jet was graded 3+ by 
color Doppler, since systolic reverse of pulmonal venous flow was not pres-
ent. The regurgitant volume was 50%. The left atrium was enlarged with 
antero-posterior diameter 4.6  cm, and biplane volume 42  mL/m2. The left 
ventricle had borderline dimensions with end-systolic diameter 4.0 cm and 
ejection fraction 64%. The right atrium and ventricle have normal dimensions. 
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Chapter 10
Female Aspects of Electrocardiography 
and Cardiac Arrhythmias

Angela H.E.M. Maas and Reinder Evertz

Abstract  Normograms of the ECG are derived from the standard male patient. 
Women have a longer duration of the P-wave and PR-interval, while the QRS com-
plex is smaller with a lower voltage. Non-specific ST-T changes are more often 
present in women than in men and vary by age. Paroxysmal supraventricular tachy-
cardia’s (PSVT) are later diagnosed in women than in men. Women with atrial 
fibrillation (AF) have more symptoms, undergo fewer cardioversions and have a 
worse quality of life than men. Women more often develop Torsades de pointes 
(TdP) with some antiarrhythmic drugs. Although implantable defibrillator devices 
(ICD) therapy in secondary prevention are equally beneficial in both genders, they 
are less often applied in women. The quality of mammograms may be reduced by 
the presence of an implanted medical device.

Keywords  Anti-arrhythmic drugs • Arrhythmias • Atrial fibrillation (AF) • 
Atrioventricular nodal re-entrant tachycardias (AVNRT) • Breast tissue • CHA2DS2-
VASc risk score • Electrocardiogram (ECG) • Implantable defibrillator devices 
(ICD) • Mammograms • Menstrual cycle • Novel oral anticoagulants (NOACs) • 
QT-interval • Sex-hormones • Supraventricular tachycardia (SVT) • Thrombo-
embolic risk • Torsade de pointes (TdP)

�Introduction

Sex-related differences in electrocardiography and cardiac arrhythmias are present 
in clinical symptoms, diagnostics, therapeutic options and side-effects of therapy 
[1]. In most studies from which guidelines for the management of arrhythmias have 
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been developed, women have been importantly underrepresented. As a conse-
quence, many guidelines are still lacking an appropriate gender-sensitive approach 
[2, 3].

�Electrocardiogram in Women

Baseline characteristics of the electrocardiogram (ECG) show several differences 
between men and women, of which the clinical significance is often unclear. 
These concern amplitudes and duration as well as repolarization patterns [4]. 
Normograms of the ECG are derived from the standard male patient. Important 
factors that affect sex-variations in ECG recordings are related to thorax size and 
the presence of adipose tissue. Breast tissue in women, dependent on breast size 
and shape as well as adipose tissue in obese patients, contributes to lower QRS 
and T-amplitudes with an increase in amplitude of the QRS complex after mastec-
tomy [5, 6]. Breast tissue in women also interferes with correct positioning of the 
precordial leads affecting the quality of ECG recordings [7, 8]. As initial clinical 
decision making in acute and chronic settings of cardiac care is to a great extent 
based on ECGs, it occurs relatively often that these are misinterpreted in female 
patients. This may lead to unnecessary diagnostic testing and is a serious burden 
for the expanding costs of healthcare. Moreover, the use of advanced imaging 
techniques has reduced technical skills of young doctors in ECG reading and 
interpretation, whereas the ECG is still the cornerstone in the cardiology diagnos-
tic work-up [9, 10].

Women have on average a higher resting heart rate (HR) than men, with a mean 
of 3–5 beats/min faster HR [11]. This may partly be explained by differences in 
body habitus and exercise tolerance, but differences in intrinsic electrophysiological 
properties of the sinus node and autonomic nervous system may also play a role 
[12]. In premenopausal women, the resting HR is faster in the luteal phase than in 
the follicular phase of the menstrual cycle [13]. Women have a longer duration of 
the P-wave and PR-interval, while the QRS complex is smaller with a lower voltage, 
also after correction for cardiac mass and bodyweight [4, 14].

The corrected QT interval (QTc) is longer (mean 10–20 ms) in women than in 
men, which is associated with an increased risk of drug-induced QT-prolongation 
and Torsade de pointes tachycardia [15–17]. During menstrual cycle and preg-
nancy there is QTc variability, suggesting intrinsic hormonal regulation in female 
hearts [18]. This may interfere with side effects of medical therapy. During child-
hood there is no difference in QT interval between boys and girls. During puberty 
however, QTc shortens in male adolescents, while after 50 years of age most sex-
differences in QTc resolve. It is assumed that high testosterone levels shorten QTc 
during puberty [19]. Estrogens also affect the length of the QT interval by the fast 
and persistent sodium current and sodium–calcium exchange in myocardial cells 
[18, 20]. According to the guidelines of the AHA the upper limit of QTc is 450 ms 
in men and 460 ms in women [21]. In the Copenhagen City ECG study, prolonga-
tion of the QTc interval resulted in a worse prognosis in men whereas in women, 
a very short QTc interval was equivalent in risk to a borderline prolonged QTc 
interval [22]. The effect of the QTc interval on the absolute risk of cardiovascular 
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death was found to be most pronounced in the elderly and in those with known 
CAD, whereas the effect was negligible for healthy middle-aged women.

Non-specific ST-T changes are more often present in women than in men and 
vary by age. In a large healthy Dutch population it was shown that sex-dependent 
differences were apparent for most ECG parameters (www.normalecg.org) [23]. 
Age trends were present for the QTc interval, QRS axis, and indices of left ventricu-
lar hypertrophy. Amplitudes in the left precordial leads showed a substantial increase 
in the older age groups for women, but not for men. ST J-point amplitudes in ado-
lescent males are distinctly higher than in similarly aged women, dissolving at old 
age. ST-T deviations may carry important prognostic information for IHD mortality 
risk, as was shown for both genders in the Copenhagen City ECG study and for 
postmenopausal women in the Women’s Health initiative (WHI) study [24, 25]. In 
postmenopausal women using hormone therapy unopposed estrogen mildly pro-
longs myocardial repolarization, which is reversed by progesterone [26]. Figure 10.1 
summarizes most important sex-differences in the baseline ECG.

�Paroxysmal Supraventricular Tachycardias in Women

Atrioventricular nodal re-entrant tachycardias (AVNRT) occur significantly more often 
in women than in men, presumably related to hormonal effects on AV conduction [27]. 
The prevalence of AVNRT in women peaks in the second and third decennium and 
around menopause. Cyclic hormonal variations in premenopausal women influence the 
occurrence of AVNRT with a predominance in the luteal phase when progesterone lev-
els are at highest [28, 29]. During pregnancy and after delivery, an increased incidence 

In women (compared to men): 
faster baseline HR
longer P-wave 
longer PR-interval
smaller QRS, lower voltage
QTc 0-20 msec longer
upperlimit QTc-interval 460 msec
QTc variability during menstrual cycle
more non-specific ST-T changes 

Fig. 10.1  Sex differences in electrocardiography
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of supraventricular tachycardia (SVT) and especially AVNRT has been described [30]. 
For atrioventricular re-entrant tachycardia, using a bypass tract outside the AV node, no 
difference in incidence between men and woman has been described.

Paroxysmal supraventricular tachycardia’s (PSVT) are later diagnosed in women 
than in men and are often associated with feelings of anxiety, panic and undetermined 
vibrations in the chest [31]. Symptoms can easily be misinterpreted as being from 
psychological origin [32]. This may also lead to later referral and eventually even for 
delay in radiofrequency (RF) ablation in women, such as shown in patient case A.

  28-yr old woman with AV nodal re-entry tachycardia

Medical history: attacks of ‘ hyperventilation’ since  almost 10 years  

Patient history: patient arrives at the emergency department with anxiety, signs 

of hyperventilation and an uneasy feeling ‘of flibbering’ inside her chest. She  

has had these attacks for more than 8 years, usually once a month for 10 

minutes, and at previous presentations her ECG had shown no abnormalities. 

This time, the attack persists longer, over 30 minutes, with feelings of dizzyness, 

palpitations and a slight sensation of chest pain. She has a healthy lifestyle with 

a good physical condition.

Physical examination: expression of anxiety, respiratory rate 24/min, RR 105/65 

mmHg, pulse 170/min, regular. Body temperature 37.1˚C. Fast  and regular 

heartbeats, with no murmurs at ausculation.
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ECHO: no structural cardiac abnormalities 

Discussion: an AV nodal re-entry tachycardia is a frequent occurring ectopic  
supraventricular tachycardia, especially in younger patients with a structural 
normal heart. Adenosine intravenously  is effective in most cases to restore 
sinusrythm. 
In women it may take longer to obtain the diagnosis than in men, with a longer 
interval before ablation-therapy is performed (ref. 31)

�Sex and Gender Differences in Atrial Fibrillation

Men are at 1.5-fold higher risk than women to develop atrial fibrillation (AF) during 
lifetime [33]. However, given their longer life-expectancy, the absolute number of 
women with AF is higher [34]. With the increase in obesity, sedentary lifestyle and 
hypertension over the past decades, the absolute number of individuals with AF is 
rising. In the Swedish adult population the prevalence is currently estimated at 2.9%, 
not counting individuals with ‘silent AF’, which is comparable with the 3% preva-
lence as mentioned in the recent 2016 ESC guidelines AF [35, 36]. Atrial fibrillation 
is independently associated with a twofold increased risk of all-cause mortality in 
women and a 1.5-fold increase in men [33, 37, 38]. In the Euro Heart Survey on AF it 
was found that women with AF were generally older, with a lower quality of life, 
more co-morbidity and more cardiac symptoms compared to men [39, 40]. Women 
also had more often heart failure (HF) with preserved left ventricular systolic function 
(HFpEF), and less frequent HF with reduced ejection fraction systolic (HFrEF). In the 
Outcomes Registry for Better Informed Treatment of Atrial Fibrillation (ORBIT-AF) 
women with AF had more symptoms and a worse quality of life than men [41].

It has been disputed whether AF is more strongly associated with the risk of 
stroke and CVD mortality in women than in men [38, 42–45]. In a recent meta-
analysis of more than 30 studies in >4.3 million patients, AF was associated with a 
higher risk of all cause (RR 1,12, 95% CI 1.07–1.17) and an almost twofold CVD 
mortality in women than in men [46]. Women are also prone to more severe strokes 
when they do occur [47]. A worse LA function in women than in men with AF con-
tributes to their higher stroke risk [48]. This is closely related to sex-differences in 
cardiac and arterial remodeling with ageing, with more impaired diastolic dysfunc-
tion and arterial stiffening in women compared to men [49, 50]. Nevertheless, 
women are less likely to receive anticoagulation and undergo fewer cardioversions, 
AF ablations or pulmonary vein isolations than men [41, 51–54]. Also, women have 
more peri-procedural complications of AF catheter ablations and a higher recurrence-
rate of AF after cardioversion [55, 56].

The CHA2DS2-VASc risk score has included female sex as a risk factor for 
stroke prevention (Table 10.1). Recommended is to use vitamin K antagonists or 
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novel oral anticoagulants (NOACs) when the risk score is ≥1 for men, and ≥2 for 
women, balancing the expected stroke reduction, bleeding risk, and patient prefer-
ence [36]. Of note is that women are underrepresented in the majority of NOAC-
trials and that risk of abnormal uterine bleeding in premenopausal women is largely 
unknown [57, 58].

�Ventricular Arrhythmias in Women

In patients with ischemic heart disease (IHD) the risk of sudden cardiac death is 
more than twofold higher in men than in women [59]. This may importantly be 
related to the higher obstructive atherosclerosis burden and sex-differences in 
plaque compositions in men compared to women [60]. The risk for ventricular 
tachycardias in non-obstructive coronary artery disease (NOCAD) and coronary 
microvascular disease (CMD), which are important manifestations of IHD in 
women, is less well studied. It is assumed that the likelihood of ventricular tachy-
cardias is higher during periods of ischemia. Autonomic changes, such as an 
increase in sympathetic tone, which frequently occurs in women after menopause, 
enhances the risk for VT/VF [61, 62]. Chronic psychological stress and depression, 
more often present in women after menopause than in similarly aged men, may 
further induce autonomic changes. This leads to a higher use of antidepressants, 
which is also associated with an increased risk for sudden cardiac death (SCD) [63].

In non-ischemic cardiomyopathies (NICM), there is no evidence for any sex dif-
ference in arrhythmias or chance for SCD.  Recent studies debate whether an 
implantable cardioverter-defibrillator (ICD) backup is useful in NICM patients [64, 
65]. The Brugada syndrome affects men almost 9× more often and more severely 
than women. Men with Brugada syndrome have more frequently syncope and SCD 
than women [66, 67]. It is assumed that testosterone-levels in the ion channels play 
an important role in the observed sex difference [68].

Table 10.1  CHA2DS2-VASc risk score for stroke prevention in patients with atrial fibrillation

CHA2DS2-VASc risk factor Points

Signs and symptoms of HF or reduced EF 1
Resting blood pressure > 140/90 or use antihypertensive medication 1
Age ≥ 75 years 2
Diabetes mellitus (fasting glucose >7 mmol/L or insulin/medication) 1
Previous stroke, TIA or thrombo-embolism 2
Previous ACS, peripheral artery disease or aortic plaque 1
Age 65–74 1
Female sex 1

Adapted from: 2016 ESC guidelines atrial fibrillation, ref. [36]
CHA2DS2-VASc: Congestive heart failure, Hypertension, Age (2×), Diabetes, Stroke (2×), Vascular 
disease, Sex
HF heart failure, EF ejection fraction, TIA transient ischemic attack, ACS acute coronary syndrome
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In congenital long QT-syndrome (LQTS), there is an unexplained female 
prevalence of disease. Women are especially at a higher risk of cardiac events in 
the period after giving birth, whereas men are more likely to suffer syncope and 
SCD until puberty [27, 69]. Acquired LQTS is clinically more common than 
congenital LQTS and is usually seen with electrolyte abnormalities or the use of 
medications that prolong ventricular repolarization. Nevertheless, about 30% of 
acquired LQTS appear to be concealed form of congenital LQTS [70]. Women 
exhibit longer QTc intervals and are more prone to develop Torsades de pointes 
during administration of some antiarrhythmic drugs [71]. Up to 70% of the cases 
of medication-induced Torsades de pointes are in women [72]. Especially Vaughn 
Williams class IA and class III antiarrhythmic drugs (e.g. quinidine and sotalol) 
enhance the risk for Torsades de pointes. Most important drugs that prolong 
QT-interval are antihistamines, certain antibiotics and psychopharmaca such a 
amytriptiline and lithium (www.qtdrugs.org). Class IC antiarrythmic drugs (e.g. 
flecainide) may also increase the QT interval and therefore increase the risk for 
Torsades de pointes [73]

Women represent a minority (10–13%) in VT ablation-studies, but are at higher 
risk for VT recurrence after 1 year. In a recent study in 2062 patients with isch-
emic and non-ischemic recurrent VT’s undergoing ablation, of which 266 (12.9%) 
were women, it was found that women were younger, with higher ejection frac-
tions and less VT storms than men [74]. In women, the 1-year success rate was 
lower with significantly higher rates of VT recurrence. More data are needed to 
distinguish between sex differences in referral patterns, arrhythmia substrate, and 
treatment bias.

�Sex Differences in Pacing, ICD and CRT Therapy

Women more often have sinus node dysfunction and lower rates of AV conduction 
abnormalities [75]. In the age group above 80, men receive more dual chamber pac-
ing compared to women. Women more peri-procedural complications, such as 
pneumothorax and hematomas. These complications do not negatively affect sur-
vival rates. [76].

It has been debated whether women profit equally from implantable defibrillator 
devices (ICD) than men [77–79]. In a large meta-analysis in primary prevention 
studies, no sex difference in mortality was found [80]. Women have fewer ICD-
shocks than men and a lower susceptibility to arrhythmia-triggers, which may jus-
tify their lower primary ICD implantation rates. Although the benefit for ICD 
therapy in secondary prevention is similar among men and women, despite they are 
offered less often ICD therapy [81, 82]. In (additional) cardiac resynchronization 
therapy (CRT) a recent FDA meta-analysis of three major clinical trials with mild 
heart failure (HF) confirmed that the indication for CRT in women seems to be at a 
shorter QRS duration than in men [83, 84]. This has not resulted yet in a sex-spe-
cific treatment advise in the latest 2016 ESC guidelines HF [85].
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�Screening Mammograms in Women with Pacemakers/ICD

Most aging women undergo screening mammograms at regular intervals. The presence 
of an implanted medical device in the breast may affect the quality of the mammograms 
[86]. We recently investigated barriers in females and radiographers for mammography 
and found that increased pain in women and anxiety in both parties were important 
determinants of lower compression force and suboptimal positioning technique [87]. 
About 20% of women with devices had serious doubts on attending screening. Despite 
the very low chance to damage the leads and pacemaker/ICD devices itself, it may be 
recommended in women with anxiety to undergo mammography at a radiology depart-
ment in a hospital with possibilities for PM/ICD control afterwards.
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Chapter 11
Cardiac Rehabilitation and Secondary 
Prevention in Women

Lene Rørholm Pedersen and Eva Prescott

Abstract  Physical inactivity is more strongly associated with risk of acute coronary 
syndromes (ACS) in women than in men. Despite, women and ethnic minorities are 
less likely to participate in cardiac rehabilitation (CR) programs. Goals for secondary 
prevention are also less often achieved in women. They also have more depression 
and anxiety and experience lower quality of life and social support than men. This 
has an important negative effect on outcomes in ischemic heart disease (IHD). 
Barriers to CR may be overcome by offering individualized rehabilitation programs 
that also encompasses home-based cardiac rehabilitation and tele-health based 
cardiac rehabilitation.

Keywords  Cardiac rehabilitation (CR) • Depression • Diet • eHealth • Ethnic 
minorities • Exercise • Gender bias • Ischemic heart disease (IHD) • Lifestyle  
• Physical activity • Secondary prevention

�Introduction

Secondary prevention is a lifelong process in patients with established cardiovascu-
lar disease (CVD). Secondary prevention encompasses participation in a cardiac 
rehabilitation programme, appropriate medication and lifestyle modification. The 
effects of such interventions are considerable and have rapid onset: A study follow-
ing patients after acute coronary syndromes (ACS) found that adaption within the 
first month after the event of the major recommendations on lifestyle changes 
(smoking cessation or heart-healthy diet and physical activity), led to an almost 
50% reduction in the risk of recurrent events in the next 6 months [1]. 
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Recommendations for secondary prevention in women are similar to men, bearing 
in mind that women overall are older and have more co-morbidity at the time of 
diagnosing ischemic heart disease (IHD).

�Women Participate Less Often in Cardiac Rehabilitation 
Programmes

Participation in cardiac rehabilitation improves outcome. In a recent meta-
analysis comprising 63 studies with almost 15,000 participants and a median 
follow-up of 12  months, exercise-based cardiac rehabilitation led to 36% 
reduction in cardiovascular mortality and 18% reduction in risk of hospital re-
admission, while the effect on all-cause mortality and ACS was not statistically 
significant. Also, quality of life was improved [2]. Effects have not been shown 
to differ between men and women [3, 4]. Cardiac rehabilitation is strongly sup-
ported in IHD, chronic heart failure (CHF) and after valve replacement. 
Unfortunately, uptake is relatively low [3, 5] and even lower in women. This 
gender difference is seen both in referral and in adherence and is not only 
explained by women’s higher age and greater co-morbidity at the time of pre-
senting with heart disease [5]. A recent meta-analyses comprising 19 observa-
tional studies with a total of 241,613 participants found that the participation 
rate varied hugely from 22 to 74%. Although there was considerable heteroge-
neity, the overall results indicated that women were 32% less likely to partici-
pate in cardiac rehabilitation than their male counterparts [6].

�Secondary Prevention Goals Less Often Achieved in Women

Over the latest decades there have been substantial improvements in evidence 
based intervention post ACS leading to considerably better prognosis in these 
patients. However, this may not have benefitted men and women equally. The 
EUROASPIRE (EUROpean Action on Secondary and Primary Prevention 
through intervention to Reduce Events) survey, which includes data from 24 
European countries, has found that whereas pharmacological treatment did not 
differ between the sexes, women performed worse on the control of most risk 
factors: women were less likely to have LDL-cholesterol, Hba1C and blood 
pressure on target, to be non-obese and to perform adequate physical activity. 
Conversely, men were less likely to be non-smokers and less likely to make 
dietary changes (Fig. 11.1) [7]. There seemed to be no improvement over time 
in this gender gap [8]. Similar gender gaps have been reported from the large 
SWEDEHEART registry [9].
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�Clinical Cases

Case I
Patient
Turkish woman, 67  years referred to cardiac rehabilitation after a non ST 
elevation ACS 3 months ago. The coronary angiogram showed an 85% mid-
LAD stenosis, which was treated with PCI, and diffuse coronary 
atherosclerosis.

Medical history
Type 2 diabetes
Hypertension
Obesity
Chronic musculoskeletal pain, especially in neck, shoulder and knees after 

working several years in a cleaning company
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Fig. 11.1  Secondary prevention target achievements among women and men hospitalized for a 
coronary event in 24 European countries. Data from the EUROASPIRE IV survey, adjusted for 
age, educational level, index event and country. *p < 0.01, **p < 0.001 Data adapted from [7]
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Currently
Referral to cardiac rehabilitation has been postponed due to recurrent hos-

pital admissions with chest pain where ACS has been ruled out with normal 
ECG and normal high-sensitive cardiac troponin. A myocardial scintigraphy 
has been performed showing no reversible or irreversible ischemia. The 
patient is sedentary and has never engaged in regular physical activity. After 
the ACS she rarely leaves the apartment.

Physical exam
Height 163 cm, weight 85 kg, BMI 32 kg/m2. Waist circumference 97 cm. 

Blood pressure 150/90  mmHg. Heart rate 62  bpm. No peripheral oedema. 
Heart auscultation: normal, no murmurs. Lung auscultation: normal, no 
wheezing.

Laboratory values
Haemoglobin 7.8 mmol/L, LDL 2.3 mmol/L, Hba1c 46 mmol/mol (glu-

cose 7.5 mmol/L).
Echocardiography: LVEF 50%, mild septal hypokinesia, no valvulopathy.
Exercise test: VO2peak 17.5 mL/kg/min (5 METS).
Other
HADS: score 2 on anxiety, 2 on depression.
Medication
Paracetamol 1 g qid, Metformin 1 g bid, Enalapril 5 mg × sid, Isosorbide 

mononitrate 60 mg sid, Metoprolol 25 mg bid, Aspirin 75 mg sid, Ticagrelor 
90 mg bid, Atorvastatin 40 mg sid.

Comments
This patient has several barriers for physical activity and exercise training 

since she suffers from musculoskeletal discomfort, is unaccustomed to exer-
cise and still experiences chest pain—though she has no detectable ischaemia. 
Physical activity should be initiated at low intensity and gradually increased 
(Fig. 11.2). Resistance training could be added and may relieve her musculo-
skeletal symptoms. While her diabetes is well-regulated, she is not on target 
with regard to LDL cholesterol and blood pressure and adjustment of her 
medical treatment is needed. Due to her overweight and abdominal obesity 
she should be advised to lose weight and, if available, consult a dietician.

Sociocultural differences in exercise and dietary habits should also be kept 
in mind and offering a CR program for women may increase likelihood of 
adherence.
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Case II
Patient
Woman, 42  years, originally referred to cardiac rehabilitation after an ST 
elevation ACS with revascularization of a 100% LAD stenosis. During the 
initial hospitalization she was diagnosed with familial hypercholesterolemia 
with LDL cholesterol of 5.2  mmol/L.  A month after the ACS she was re-
admitted to hospital after a witnessed out-of-hospital cardiac arrest with ven-
tricular fibrillation and return of spontaneous circulation after 7  min. The 
CAG showed no new stenosis or stent thrombosis and she had no cognitive 
deficits. An ICD was implanted as secondary prevention.

Initial assessment

Patient education

••     Medical and physical activity history
•     Clinical examination
••     Identification of barriers to exercise

•     Awareness of exercise-induced symptoms

Patients with preserved exercise
capacity > 5 METS, used to exercise and
no / limited symptoms

Patients with reduced exercise capacity,
left ventricular dysfunction, old age,
comorbidity, not used to physical activity
/ exercise

Maximal or submaximal exercise test
6 minute walk test

Gradual increase, as widely as possible,
in intensity 60 – 70 – 80% of HR or
VO2peak and duration 10–45 minutes
RPE: 12–13

Organised aerobic exercise and every
day physical activity at 40–50% of HR or
VO2peak.
As low as 5–10 minutes / day
At least 3–5 days / weak, target: every
day.
RPE: 10–11
Supplemented with resistance training.

Organised aerobic exercise 70–85% of
peak HR or VO2peak or HR or VO2peak
exercise induced symptoms / ECG
changes.
30–45 minutes, at least 3–5 days / week,
target every day
RPE: 12–14

Supplemented with resistance training
and every day physical activity such as
brisk walking, climbing stairs, cycling,
gardening and household work.

Exercise test to determine
maximal exercise capacity or symptom
limitation / ECG changes or arrhythmias

•     Behavioural modifications
•     Perception of relative intensity

Fig. 11.2  Physical activity and exercise training in patients with CVD referred to cardiac 
rehabilitation. METS metabolic equivalents, ECG electrocardiogram, HR heart rate, 
VO2peak peak aerobic capacity, RPE rating of perceived exertion/Borg scale. Based on 
references [10, 14–15]
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She is living with her husband and two children (10 and 13 years old) and 
has a large social network. Before the ACS she was managing a fulltime job. 
She had an active life style: Ran 5 km 2–3 times/week and bicycled to work 
10 km/day, was a non-smoker and had a BMI 22.3 kg/m2. Now she is afraid 
to leave the house and to engage in physical activity for the fear that increas-
ing her heart rate might activate the ICD. She has trouble sleeping and feels 
tired during the day. Her mood is shifting; she cries and yells at her family 
“for no reason”. She has a hard time accepting her illness since “she was 
doing all the right things”. She does not care about things that used to matter 
to her.

Physical exam
Weight 65 kg, height 170 cm, BMI 22.5 kg/m2. Waist circumference 70 cm. 

Blood pressure 108/88  mmHg. Heart rate 56  bpm. No peripheral oedema. 
Heart auscultation: normal, no murmurs. Lung auscultation: normal.

Laboratory values
Haemoglobin 8.6 mmol/L, LDL 2.5 mmol/L, Hba1c 45 mmol/mol (glu-

cose 7.4 mmol/L).
Echocardiography: LVEF 45%.
Exercise test: VO2peak 22.75 mL/kg/min (6.5 METS).
Other
HADS: score 5 on anxiety, 7 on depression.
Medication
Metoprolol 50  mg bid, Enalapril 2.5  mg sid, Atorvastatin 80  mg sid, 

Aspirin 75 mg sid, Ticagrelor 90 mg bid.
Comments
The patient is young and resourceful with an extensive social network. She 

was previously healthy and had a healthy lifestyle prior to her ACS. Her LDL-
cholesterol has been decreased by >50% but an additional cholesterol-lower-
ing drug (ezetrol) should be considered to further reduce LDL-cholesterol. 
She has difficulty accepting her illness and shows signs of both anxiety and 
depression. Though her exercise capacity is reduced after her illness she is 
used to exercising; however, she is constrained by her fear of inappropriate 
ICD shock related to exercise.

Initially, supervised exercise sessions can be used to make her feel secure. 
Adjustment of the ICD and/or training with a heart rate monitor may be 
appropriate. Exercise at a heart rate 20 bpm below the ICD detection rate has 
been suggested [10].

A large proportion of cardiac arrest survivors suffer long-term psychologi-
cal problems such as anxiety. Group-based or individual therapy should be 
offered to this patient, who also has relatively high HADS scores (Fig. 11.3)
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Case III
Patient
Woman, 82 years referred to cardiac rehabilitation after recent CABG and 
biological aortic valve replacement due to symptomatic aortic stenosis.

Medical history
COPD
Type 2 diabetes
Hypertension
Mild renal insufficiency (eGFR 32 mL/min)
Previous gastrointestinal bleeding episode due to angiodysplasia
Myxoedema
Previous hospital admission for depression
Chronic atrial fibrillation
Currently
The patient presents at the outpatient cardiac rehabilitation clinic with her 

daughter. She complains of dyspnoea, NYHA II, she has no angina, CCS 0.
Her husband, age 90, has dementia and does not leave the home. The 

patient is the primary caretaker.

Anxiety Depression

I feel tense or “wound up”

I get a sort of frightened feeling as 
if something awful is about to 
happen

Worrying thoughts go through my 
head

I can sit at easy and feel relaxed

I get a sort of frightened feeling 
like “butterflies” in the stomach

I feel restless as  have to be on the 
move

I get sudden feelings of panic

I still enjoy the things I used to 
enjoy

I laugh and see the funny side of 
things

I feel cheerful

I feel as if I am slowed down

I have lost interest in my 
appearance

I look forward with enjoyment 
to things

I can enjoy a good book or radio 
or TV program

Fig. 11.3  Hospital Anxiety and Depression Scale (HADS). Each question has graded answers 
0–3. The maximal score in each category is 21. Score 0–7 is considered normal, 8–10 borderline 
abnormal and 11–21 abnormal
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�Treatment Options/Advice

�Physical Activity

Physical activity and exercise training is central in cardiac rehabilitation. 
Cardiorespiratory fitness is a strong predictor of cardiac mortality in women with 
IHD referred for cardiac rehabilitation. For each 1 mL/kg/min increase in initial peak 
oxygen uptake (VO2peak) cardiac mortality decreased by 10% [11]. Women have low 
levels of physical activity which are lower than men. In the EUROASPIRE trial only 
31% of women with IHD reported vigorous physical activity for 20 min once or more 

Physical exam
Cognitively preserved, height 162  cm, weight 60  kg. BMI 22.9. HR 

82 bpm. BP 135/84 mmHg. No peripheral oedema or jugular vein extension. 
Lung auscultation: normal, no rales or wheezing.

Laboratory values
Haemoglobin 7.6 mmol/L, LDL 1.8 mmol/L, eGFR 32 mL/min, Hba1c 

51 mmol/mol (glucose 8.2 mmol/L).
Lung function: FEV1 64% of predicted.
Echo: LVEF 50%, diastolic dysfunction grade I. The biological valve pros-

thesis is functioning.
Exercise test: VO2peak 8.75 mL/kg/min (2.5 METS). Expected for age and 

gender: 15.7 mL/kg/min.
Other
HADS: score 2 on anxiety, 6 on depression.
Medication
Aspirin 75 mg sid, metoprolol 100 mg sid, metformin 500 mg bid, atorv-

astatin 80  mg sid, Levothyroxin 100  mcg sid, pantoprazole 20  mg sid, 
budesonide 320/formoterol 9 mcg bid inh.

Comments
This is a fragile, elderly female patient whose main problem is dyspnea 

most likely due to the underlying COPD and loss of fitness after a long inac-
tive period prior to and after the operation. She is also at risk of recurrent 
depression. Her risk factors (cholesterol, blood pressure and diabetes) are 
under control.

The patient is in need of aerobic and resistance training as well as patient 
education on the nature of her disease and medication. She is, however, not 
able to present at the outpatient clinic several times per week because of her 
husband’s illness and therefore prefers no cardiac rehabilitation. Home-based 
or tele-monitored cardiac rehabilitation could be an option for this patient. 
She should be offered psychosocial support through individual or group-
based therapy and follow-up.
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than once a week while this applied for 43% of men [12]. Physical inactivity is more 
strongly associated with risk of ACS in women than in men [13]. In order to improve 
cardiorespiratory fitness aerobic endurance training is recommended [14–15].

Patients referred to cardiac rehabilitation vary considerably with respect to age, 
co-morbidity, symptoms, readiness to change behaviour, prior training habits and 
cardiorespiratory fitness as exemplified in the clinical cases. Thus, exercise pro-
grammes should be tailored for each participant [10, 14, 15, 16]. Both American and 
European guidelines stress the importance of an individual risk assessment in 
patients referred to cardiac rehabilitation based on medical and physical activity 
history, clinical examination and, if possible, an exercise test to assess exercise 
capacity and symptoms or arrhythmias related to physical activity [10, 15–16]. 
Patients with preserved exercise capacity, who are accustomed to physical activity 
and have no symptoms, can resume every day physical activity and aerobic exercise 
training at moderate intensity for 30–60  min/day. Otherwise, physical activity 
should be started at <50% of maximal exercise capacity and gradually increased as 
widely as possible respecting the patients physical ability as outlined in Fig. 11.2 
[10, 14–16]. Resistance training, adapted to the individual patient, can supplement 
the aerobic exercise training [14, 15].

An assessment of relative intensity can be used to facilitate individualized exer-
cise programmes, by taking into account the patients physical capacity, and to moni-
tor an exercise session [14]. Percentage of maximal heart rate or VO2peak determined 
using a cardiopulmonary exercise test is widely used. However, in patients treated 
with beta-blockers, suffering from chronotropic incompetence or atrial fibrillation, 
or with a pacemaker heart rate driven exercise may be difficult. In these cases rate 
of perceived exertion (RPE, Borg Scale [17]) [14].

�Weight Loss

Obesity is a modifiable, independent risk factor for CVD [18] and abdominal obe-
sity and visceral adipose tissue in particular, is a predictor of mortality in IHD even 
at normal range BMI [19]. Premenopausal women tend to accumulate adipose tis-
sue in the hip region and have less visceral adipose tissue than men; however, this 
differences is diminished after menopause [20]. Weight loss has been demonstrated 
to improve cardiovascular risk factors such as hypertension, dyslipidemia and insu-
lin resistance. [15] Weight loss or weight maintenance is recommended as second-
ary prevention in both American and European guidelines and should be obtained 
by diet, exercise and behaviour modifications aiming at a body mass index between 
20 and 25 kg/m2 and waist circumference <80 cm in women [16, 21].

The beneficial effects of weight loss in secondary prevention of CVD have 
been debated in relation to the so-called “obesity paradox” suggesting a protec-
tive effect of overweight in patients with CVD [22]. However, abdominal obesity 
and cardiorespiratory fitness may influence the relation between adiposity and 
prognosis in the obesity paradox [19, 23]. A recent review and meta-analysis [24] 
distinguishing between intentional weight loss associated with lifestyle changes 
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and observational weight loss with a less well-defined aetiology described in 
epidemiological studies showed that observational weight loss was associated 
with more adverse cardiovascular events while intentional weight loss was asso-
ciated with fewer events.

�Diet

The dietary patterns recommended in the European guidelines of CVD prevention 
resemble the Mediterranean diet. The recommendations are a daily intake of 
30–45 g of fibre, preferably from whole grain, 30 g of unsalted nuts, ≥200 g of fruit 
and ≥200 g of vegetables. In addition, fish 1–2 times/week one of which to be oily 
fish. Saturated fatty acids should account for <10% of total energy intake and trans 
unsaturated fatty acids should be avoided. Sugar-sweetened soft drinks should be 
avoided and alcoholic beverages should be ≤1 glass/day. Women in general are 
more likely to adhere to a heart-healthy diet than men.

�Psychosocial Stress

Women with IHD seem to struggle more with depression and anxiety and experi-
ence lower quality of life and social support than men [25]. Lifetime risk of depres-
sion is as high as 20% with twice the risk in women compared to men. Among 
patients with established IHD the prevalence of depression is high although with 
considerable variation across studies and women again have twice the risk of men of 
developing depression [26]. IHD patients who develop or have persistent depression 
or depressive symptoms have poorer outcomes. Meta-analyses indicate a hazard 
ratio of 1.49 for depressive symptoms and 2.69 for clinical depression [27]. This has 
been corroborated in registry studies following patients with a diagnosis of depres-
sion [26]. The subsequent morbidity and mortality risk associated with depression is 
similar in men and women but due to the higher prevalence, depression has more 
impact on female prognosis. Medical treatment of depression has not been shown to 
improve cardiovascular prognosis perhaps because of the limited effect of the medi-
cation and spontaneous recovery. Conversely, the association may partly be 
explained by lack of lifestyle changes: A study indicated that the excess risk in 
patients scoring high on depression scales could largely be explained by lack of 
physical activity [28] and randomized trials have indicated that exercise is efficient 
treatment of depression while [29] also addressing cardiovascular risk directly. Both 
the European Society of Cardiology and the American Heart Association guidelines 
recommend screening and addressing depression in patients with IHD [30].

While clinical depression is universally recognized as a risk factor for IHD and poorer 
prognosis, the evidence for anxiety is less unequivocal. Recent guidelines have con-
cluded that anxiety is an independent risk factor for development of IHD and for prog-
nosis following development of IHD with relative risk ranging from 1.2 to 1.7. A recent 
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meta-analysis confirmed that anxiety was associated with increased morbidity and mor-
tality risk in patients with IHD with a relative risk of 1.59 based on 13 studies with 9499 
patients included. However, the evidence was not as strong as for depression and adjusted 
analyses indicated that the association was at least partly be explained by confounders 
[31]. No gender differences were reported in outcome but as for depression, the preva-
lence of anxiety and panic disorders is twice as high in women as in men with an overall 
mean of 10% of patients with CVD suffering from anxiety disorders [32].

Persistent exposure to stress may lead to symptoms of burn-out and exhaustion. High 
levels of self-perceived mental stress over prolonged periods of time was found be asso-
ciated with increased risk of incident IHD in a meta-analysis of six studies (HR 1.27) 
[33]. Vital exhaustion is a construct developed by Appels et al. to capture the symptoms 
of fatigue and depression that were often seen in patients admitted for ACS [34]. Later 
several prospective studies have confirmed an association between this construct and 
risk of IHD and CHF with a dose-response relationship. A recent meta-analysis con-
firmed an adjusted HR of 1.50 (95% CI 1.22–1.85) for developing IHD and of 2.03 
(95% CI 1.54–2.68) for recurrent events in patients with IHD. [35] Vital exhaustion 
seems to be overlapping with the somatic dimension of depression. Similar to depres-
sion and anxiety, women score higher on the vital exhaustion scale than men while the 
excess risk associated with the condition is similar across the two sexes [36, 37].

While medical treatment of depression has been disappointing in terms of 
improving IHD prognosis, there are several other potential interventions to address 
these psychosocial stressors. Exercise is one such treatment option. In observational 
studies more physically active persons score lower on depression and randomized 
trials have shown effect of structured exercise on depression. In IHD patients, exer-
cise has also been shown to alleviate depressive symptoms in addition to the other 
well-known beneficial effects of exercise on cardiovascular risk [36, 38, 39]. 
Structured stress management programmes have been shown to reduce emotional 
distress and improve a number of cardiovascular risk factors in small studies. An 
American study of 134 patients with stable IHD found that both stress management 
and exercise alleviated symptoms and had beneficial effects cardiovascular risk 
markers when compared to usual care [40]. A randomized Swedish study compar-
ing cognitive behavioural therapy focusing on stress management with conventional 
care in 372 patients with IHD found a 41% lower rate of recurrent cardiovascular 
events (P = 0.002) [41]. In a study of 237 women with IHD randomized to a group-
based program of relaxation techniques, self-monitoring and cognitive restructuring 
with an emphasis on self-care and coping with stress exposure from family and 
work, the intervention was associated with an OR of 0.33 for adverse cardiovascular 
outcomes [42]. These studies need to be confirmed in larger, multicentre designs.

�Addressing Barriers to Cardiac Rehabilitation

Women attend cardiac rehabilitation less often than men, for which there are several 
reasons. Automated referral seems to overcome bias in referral and diminishes 
inequality in access to cardiac rehabilitation. However, often the barrier may lie in 

11  Cardiac Rehabilitation and Secondary Prevention in Women



178

the patient herself, e.g. due to age, co-morbidity or family and social obligations (as 
in case III). These barriers may be overcome by offering individualized rehabilita-
tion that also encompasses home-based cardiac rehabilitation and tele-health based 
cardiac rehabilitation. Home-based cardiac rehabilitation has been shown to be 
equal to centre-based cardiac rehabilitation in terms of improving clinical and qual-
ity of life outcomes while mortality outcomes are not available [43]. Tele-health is 
a field under rapid development and strong evidence is not yet available. This 
method of delivering cardiac rehabilitation seems to provide a future option which 
may ensure high quality individualized cardiac rehabilitation also for patients living 
in more remote areas, patients with transportation barriers or patients who for other 
reasons have difficulties in attending centre-based cardiac rehabilitation. Two 
American studies have shown that cardiac rehabilitation use is lower for racial or 
ethnic minorities. The reported barriers for participation were driven by finances 
and reimbursement, misaligned health care priorities and need of the patient and 
bias in referral. [44, 45] For ethnic minorities general differences in health beliefs, 
family structure, dietary habits and traditions for leisure-time physical activity espe-
cially among women play a major role.

�Conclusions

•	 Women participate less often in CR programmes, due to both referral and patient 
bias

•	 Psychosocial distress is twice as common in women as in men and is associated 
with adverse IHD outcomes

•	 Women are less likely to achieve most secondary prevention goals than men
•	 Women are less physically active than men and exercise training should be tai-

lored for each participant.
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Chapter 12
Stroke and Cognitive Disorder in Women

Mia von Euler

Abstract  Women have a higher prevalence of stroke at an older age compared to 
men. Atrial fibrillation (AF) and diabetes have a higher mortality and stroke risk in 
women than in men. Migraine with aura is twice to four times as common in women 
than in men and doubles the risk of stroke. A previous history of preeclampsia is an 
independent female-specific risk factor for stroke. The use of hormonal therapy 
(HT) in menopause also increases stroke risk. Women may have more speech 
difficulties at onset of stroke, which may delay hospital referral. This chapter 
updates our knowledge on sex- and gender differences in stroke.

Keywords  Atrial fibrillation (AF) • Carotid stenosis • CHA2DS2-VASc risk score 
• Cognitive decline • Dementia • Depression • Hormone replacement therapy (HRT) 
• Menopause • Migraine • Migraine with aura • Novel oral anticoagulants (NOACs) 
• Oral contraceptives • Preeclampsia • Stroke • Thrombectomy • Thrombolysis • 
Traditional risk factors • Transitory ischemic attack (TIA)

�Stroke, Definition and Demographics

Stroke is one of the most common causes of death and acquired functional disability 
world-wide. Globally 15 million persons suffer a stroke each year of which 5 million 
people die [1]. Women have stroke at an older age compared to men but also have a 
longer life expectancy resulting in a higher life-time risk and also a higher prevalence 
of stroke [1, 2]. For many years the stroke incidence has been rising, but lately it has 
declined in Western Europe, North America and Australia. There are some indications 
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that the risk of stroke is not declining as much in women as in men [3–6]. In 
developing countries however, stroke incidence continues to rise [1, 7]. The World 
Health Organization has defined stroke as a “neurological deficit of cerebrovascular 
cause that persists beyond 24 hours or is interrupted by death within 24 hours” [8]. If 
the condition lasts less than 24 h it is called a transitory ischemic attack (TIA) [9]. 
Ischemic stroke is the most common stroke type, accounting for 80–85% of all 
strokes. The incidence is higher in men than in women except for in the oldest age 
group (>85 years) where most, but not all, studies show a higher prevalence in women 
[10–17]. When comparing incidence, prevalence, and outcome of stroke age-adjusted 
rates may mask important differences between men and women due to age. Around 
10% of all strokes in an adult population are intracerebral hemorrhages. In adults, 
most, but not all, studies have reported the incidence of intracerebral hemorrhage to 
be lower in women [11–17]. Ethnic differences have also been reported with White 
persons having a lower risk than Afro-American , Hispanic or Asian individuals [16]. 
Subarachnoidal hemorrhage (SAH) is the most uncommon type of stroke, comprising 
5% of the stroke population. It is commonly characterized by a sudden onset of 
severe headache. Important risk factors are familiar preponderance (of cerebral 
aneurysms), hypertension, smoking and alcohol abuse [18]. The risk of subarachnoidal 
hemorrhage is estimated to be 1.2 times higher in women compared to men, whereby 
the gender disparity starts at ages above 55  years [18]. Presence and location of 
cerebral aneurysms have been suggested as an explanation to the higher prevalence 
of SAH in older women [19, 20]. In younger persons, the risk is higher in men [18]. 
In Finland and Eastern Europe however, the overall risk is higher in men which may 
indicate diversity in risk factors among different populations [18]. A meta-analysis 
has showed the risk of SAH to be somewhat higher in women using combined oral 
contraceptives and in postmenopausal women [21] (see Fig. 12.1).
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Fig. 12.1  (a) The incidence of stroke is higher in men compared to women. The incidence was 
significantly lower for women in 2013 compared to 1990. As mortality is declining more persons 
live with a stroke and prevalence has increased. In (b) The disability adjusted life year (DALY) is 
shown and is higher for ICH compared to ischemic stroke with a trend of increasing. Data from the 
Global burden of disease [24]
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�Cognitive Disorder, Definition and Demographics

Cognitive impairment is common after stroke and has a great impact on the 
disability, particularly in the elderly [22]. It has been shown that stroke patients 
experience an acute decline in global cognition after stroke with a faster course 
than before [22]. Stroke can lead to dementia but cognitive impairment and 
dementia itself are also associated with a higher risk of stroke. Stroke rates are 
threefold higher in individuals with mild dementia and are seven times more 
likely to occur in persons with severe dementia [23, 24]. Even though there are 
indications that the incidence of dementia, just as stroke, is declining in developed 
countries, longer life expectancy has led to an increased prevalence of dementia 
[25–27]. Dementia is usually divided into Alzheimer disease, for which stroke 
may precipitate the onset, vascular dementia, usually due to multiple lacunar 
infarctions, or mixed types [28]. It has been estimated that 5% of the population 
over 65  years old, and up to 50% by age 90, suffer from dementia [28]. Mild 
cognitive impairment (MCI) can be the first stage towards dementia and is 
common in older persons. The prevalence of MCI has been estimated to 10–20% 
in those above the age of 65 years [29]. Risk increases with age and seems to be 
lower in women than in men. There are several differential diagnoses such as 
depression, thyroid disorders, and polypharmacy with adverse events to be 
considered. Aortic and arterial stiffness and a disturbed cerebral microcirculation 
have been identified as provoking risk factors [30]. There is no specific treatment 
for mild cognitive impairment but reducing risk factors for stroke and 
cardiovascular disease are crucial preventive measures. To minimalize the risk of 
deterioration of cognitive function regular mental activity and aerobic exercise is 
recommended, regardless of medical history [29].

�Gender Differences in Risk Factors for Stroke

There are a number of risk factors for stroke that are listed in Table 12.1. Many are 
similar for men and women while some, such as reproductive and hormonal 
related factors, are unique to women. For some risk factors the risk is higher in 
women demanding a more intense treatment [31]. Hypertension is an important 
risk factor for stroke in both men and women [31–33]. In a large meta-analysis 
including 31 randomized clinical trials (103,268 men and 87,349 women) the 
effect of blood pressure lowering on reducing the risk of stroke was at least as 
good in women as in men [34]. Treatment of hypertension and obtaining normal 
blood pressure is important both in primary and secondary prevention of stroke 
[32]. Smoking cessation is another of the major behavioral risk modifiers for 
stroke [32, 33]. Pooled data from meta-analyses found that smoking has a more 
harmful effect in women compared to men in Western but not in Asian populations 
[33]. Quitting smoking has comparable beneficial effects in men and women [33] 
(Tables 12.2, 12.3 and 12.4).
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Table 12.1  Primary prevention of stroke/intracranial bleeding

Primary prevention
Ischemic 
stroke

Intracerebral 
hemorrhage (ICH)

Subarachnoidal 
hemorrhage (SAH)

Treat hypertension X X X
No smoking X X X
Avoid alcohol overuse or 
binge drinking

X X X

Treat atrial fibrillation if 
CHA2DS2-Vasc >1

X

Physical activity X X X
Avoid psychosocial stress X X X
If diabetes mellitus—good 
metabolic control

X

Teach FAST or similar X X X

Table 12.2  Acute treatment of stroke/intracranial bleeding

Acute treatment
Ischemic 
stroke

Intracerebral 
hemorrhage (ICH)

Subarachnoidal 
hemorrhage (SAH)

Ambulance transport to 
hospital

X X X

Clinical examination and GCS X X X
NIHSS X X
CT-scan and CT-angio X X X
Thrombolysis if no 
contraindication

X

Thrombectomy if large arterial 
occlusion

X

Neurosurgery NA NA X

Table 12.3  Secondary prevention after stroke/intracranial bleeding

Secondary prevention

Secondary preventive treatment
Ischemic 
stroke

Intracerebral 
hemorrhage (ICH)

Subarachnoidal 
hemorrhage (SAH)

Antihypertensives X X X
Antithrombotics X
Statins X
No smoking X X X
Physical activity X X X
CEA if carotid stenosis within 
2 weeks of stroke

X

No alcohol overuse X X X
Treat depression if needed X X X
Rehabilitation, repeated if needed X X X
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While the number of individuals who smoke and have untreated hypertension 
is decreasing, the prevalence of obesity is not. In the US 35% of women and 
32% of men are currently obese. In many European countries however, obesity 
and overweight is less common among women compared to men [31, 35, 36]. 
Avoiding obesity and being physical active lowers the risk for stroke as well as 
for other manifestations of cardiovascular disease and cognitive impairment. So 
does a low to moderate alcohol consumption (<1 drink/day in non-pregnant 
women) and a healthy diet rich in fruit, vegetables, grain and nuts and low in 
saturated fats [32].

Depression and psychosocial stress are more common in women than in men. In 
the multinational INTERSTROKE study [31] the increased risk of stroke in persons 
with self-reported depression and psychosocial stress was 35% in women and 30% 
in men, after correcting for age. Sex divided analysis was not performed in this 
study.

�Risk Factors with a Higher Risk for Stroke in Women

Atrial fibrillation (AF) is an important risk factor for embolic ischemic stroke. Both 
prevalence and incidence of AF increases with age and is lower in women compared 
to men in all age groups [37–39]. The lifetime risk of AF is therefore lower in 

Table 12.4  Risk factors for stroke in women compared to men

Risk factor stroke
Sex-
specific

Higher 
risk More prevalent Unknown difference

Hypertension X
Smoking X
High age X
Atrial fibrillation X
Diabetes mellitus X
Physical inactivity X
Migraine with aura X
Diet X
Obesity X
Metabolic syndrome X
Depression X X
Psychosocial stress X X
Pregnancy X
Preeclampsia X
Gestational diabetes X
Oral contraceptive use X
HRT X
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women [39, 40]. However, women with AF have a higher mortality and intrinsic 
risk of stroke than men with AF [40, 41], with higher risk of cardiovascular mortal-
ity, ischemic cardiac events and heart failure [41]. Estimating the stroke risk using 
CHADS2-Vasc or CHADS2 should be done in all patients with AF and treatment 
with anticoagulants encouraged if there are additional stroke risks, such as in women 
[42]. It should be noted that the novel oral anticoagulants (NOACs) dabigatran, 
rivaroxaban, and apixaban have been shown to lower the stroke risk similarly to 
warfarin but with a lower risk of intracranial hemorrhage [43, 44, 45]. To varying 
degree all these NOACs are excreted through the kidneys, necessitating control of 
kidney function regularly, particularly in elderly women who in general have a 
lower kidney function compared to men.

Similarly to AF, diabetes mellitus is also more prevalent in men but it carries a 
27% higher risk of stroke in women according to a large meta-analysis [33]. A sug-
gested explanation is that women have more metabolic and vascular disturbances 
related to their diabetes [33]. Moreover, treatment of diabetes may be less aggres-
sive in women, although improvement has been shown [33, 46].

�Migraine and the Risk of Stroke in Women

Migraine is a risk factor of stroke in both men and women, however migraine with 
aura is twice to four times as common in women and epidemiological studies 
estimate its prevalence to be around 15% in the female population [47]. Migraine 
is characterized by a unilateral pulsating headache that may be preceded by focal 
neurological symptoms such as homonymous visual disturbance, unilateral par-
aesthesia, numbness or weakness, or speech difficulties. These symptoms, labeled 
as migraine with aura, may last up to 30 min and occur in almost one third of those 
suffering migraines. Even though the risk of stroke among persons with migraine 
is low the risk is more than doubled in persons with migraine accompanied by 
aura [47]. In smoking women with migraine accompanied by aura the risk of 
stroke has been shown to be nine times higher than in non-smoking women with-
out migraine with aura. Use of combined oral contraceptives also increases the 
risk of stroke two- to fourfold in women with migraine accompanied with aura 
[48]. It has been suggested that premenopausal women with migraine with aura 
could use progestin-only oral contraceptives, however, the evidence is not fully 
conclusive yet [48]. Women with migraine headaches with aura should be strongly 
advised not to smoke and to avoid at least combined oral contraceptives [49]. 
Triptans, such as sumatriptan, are contraindicated in patients with a previous 
cerebrovascular disease, as they may induce coronary or cerebrovascular spasm 
[50]. There is a lack of evidence regarding of the risk of triptan treatment in 
women having migraine with aura. Considering the elevated risk for stroke it 
seems sensible to avoid triptan use at least in those who also smoke, use oral 
contraceptives or have other stroke risk factors.
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�Female-Specific Risk Factors for Stroke

�Use of Hormonal Therapy

A Cochrane analysis from 2015 of hormonal replacement therapy (HRT) and pre-
vention of cardiovascular disease found an increased risk of stroke for women on 
HRT, applying for both primary and secondary prevention [51]. The relative risk 
was 1.26 with a calculated number needed to harm (NNH) of 164 patients. Similar 
results, with an increased risk of ischemic stroke for women with postmenopausal 
HRT of combined estrogen and progesterone or estrogen therapy alone were found 
in another meta-analysis [52]. There is some evidence that the timing of HRT may 
be important and that a lower risk is found if hormonal therapy is started soon after 
the onset of menopause and continued during a shorter period of time [53]. However, 
the evidence is not yet conclusive and in women at increased risk of stroke HRT is 
not recommended.

�Use of Oral Contraceptives

The risk of stroke in women using oral contraceptives (OC) seems to be slightly ele-
vated, at least for ischemic stroke. Several meta-analyses have found the risk to be 
almost doubled if combined OCs are used but no increased risk has been found with 
progesterone only [54, 55]. A large Danish study found the risk to be somewhat lower 
[56]. Data on the risk of hemorrhagic stroke are not consistent. An elevated risk for 
OC us for all stroke types has been reported in women with hypertension who also 
smoke cigarettes. Older age and migraine are other risk factors to be considered [57, 
58]. A Dutch study found that women with other risk factors of cardiovascular dis-
ease, such as hypercholesterolemia and obesity, had an increased risk in combination 
with OC use [59]. In the presence of pro-thrombotic genetic mutations such as factor 
V Leiden, methyl tetrahydrofolate reductase (resulting in folic acid deficiency), and 
especially for lupus anticoagulant the risk of stroke has been shown to increase with 
use of OC [60, 61]. Migraine with aura is a risk for stroke and in women who smoke, 
OC use should be avoided as the risk of stroke has been shown to be sevenfold higher, 
although in non-smoking women the adverse risk of OC use is debated [49].

�Pregnancy and Stroke

Stroke is very rare in pregnancy but the risk of stroke is elevated, particularly in the 
last trimester and in the puerperium [31]. This is caused by physiological changes 
with venous stasis, edema, and a hypercoagulability state due to increased protein C 
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resistance, lower levels of protein S and higher levels of fibrinogen. Preeclampsia/
eclampsia and pregnancy-induced hypertension are the most common causes to 
both ischemic and hemorrhagic stroke in pregnancy and should be well controlled. 
Labetalol is often used to lower blood pressure, but the evidence for optimal medi-
cal treatment is still weak [31]. Based on a 2013 Cochrane analysis nimodipine, 
diazoxide and ketanserin should be avoided as well as magnesium sulphate, if not 
required as an anticonvulsant [62]. Evidence for optimal pharmacologic treatment 
of mild to moderate hypertension during pregnancy is debated [63, 64]. It should be 
noted that preeclampsia/eclampsia are risk factors of future stroke, with a twofold 
higher risk compared to women with uncomplicated pregnancies [65]. The risk is 
particularly high in early-onset preeclampsia where a fivefold increased risk has 
been reported [31, 65]. A Cochrane review from 2014, including results from 12 
trials in 15,730 women, found calcium supplementation of ≥1 g/d to reduce the risk 
of pre-eclampsia, particularly for women with low calcium diets [66]. The WHO 
recommends supplementation with calcium for women with low dietary intake [67]. 
Another preventive measure to lower the risk of preeclampsia can be treatment with 
a platelet inhibitor. A Cochrane review of 46 trials with preventive use of a platelet 
inhibitor, mostly low dose aspirin, in 32,891 women at risk for preeclampsia found 
a relative risk of 0.83 with a number needed to treat (NNT) of 72 in favor of treat-
ment [68].

A clinical problem in pregnant women with stroke is their treatment. It is 
unknown whether thrombolysis is safe during pregnancy in the postpartum period 
[31]. Pregnant women have been excluded from all randomized trials and the actual 
number of affected women is very low. A publication from the US found similar 
rates of acute stroke reperfusion therapy in women during pregnancy or postpartum 
vs non-pregnant women, although non-pregnant women were more likely to receive 
intravenous recombinant tissue plasminogen activator (rt-PA) monotherapy than 
thrombectomy [69]. The data showed a trend toward increased symptomatic intra-
cranial hemorrhage in pregnancy or thereafter with rt-PA but no cases of major 
systemic bleeding or in-hospital death occurred. Compared to the non-pregnant 
women, those who were (recently) pregnant had fewer risk factors for stroke and 
were younger. In spite of having more severe strokes at onset, they had a similar rate 
of discharge to home.

�Cerebral Venous Thrombosis in Women

A very uncommon cause, about 0.5–1% of all strokes, is when thrombus formation 
in at least one of the venous sinuses causes a cerebral venous thrombosis. This con-
dition is much more common in women than in men with a predominance of 
70–75%. Headache is the predominant symptom, sometimes combined with nausea 
and psychiatric symptoms. The most common risk factor for cerebral venous throm-
bosis is pregnancy/puerperium. Other risk factors are dehydration, infections, 
trauma, oral contraceptives, recent neurosurgical procedures and myeloproliferative 
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neoplasms. The recommended treatment is heparin or low-molecular heparin to dis-
solve the thrombus followed by oral anticoagulants. At present none of the NOACs 
have been approved for this indication. The condition can be difficult to diagnose. 
The prognosis, if treated correctly, has been shown to be good with full recovery in 
the vast majority of patients [70, 71].

�Clinical Setting of Acute Stroke in Women

In clinical practice the primary concern is to identify stroke and to transport the 
patient as fast as possible to the hospital. The earlier the patients arrive, the higher 
the chance of treatment success. As women in general are older at the time of an 
acute stroke than men, they are more dependent on others in their surrounding for 
contacting emergency medical services. This is not unique to women, but as many 
elderly women live alone, it is important that the general public is well aware of the 
signs and symptoms of stroke to ensure correct and immediate help when needed. 
In some studies it is suggested that women suffer more speaking difficulties in the 
acute phase of stroke, which complicates the possibility to get help [72–75].

Thrombolysis with rt-PA for acute ischemic stroke has been shown to be as 
effective in women as in men [76–80]. In pregnant women having an acute ischemic 
stroke, however, the choice of thrombolysis or not and the safety of mother and 
child is a difficult question for which good evidence is lacking [31]. Thrombectomy 
only could then be an alternative in large vessel occlusion. Secondary preventive 
medication for elevated blood pressure in all strokes and anti-thrombotics and 
statins in ischemic stroke has good evidence to prevent recurrent stroke or other 
cardiovascular morbidity in both women and men. However, adherence to guide-
lines has been shown to be modest in numerous publications. Use of Stroke Unit 
care has been shown to be equally effective in women and men and effective regard-
less of age [81]. Adherence for statins seems to be lower in women although treat-
ment is equally effective in prevention of cardiovascular disease in both sexes and 
for stroke maybe even more pronounced in women [82]. Rehabilitation to regain 
lost function after stroke is imperative. Even though many women are older, the 
need of rehabilitation needs to be evaluated and met if possible. After stroke, HRT 
and oral contraceptives are usually discouraged as the risk of recurrent stroke 
increases [31].

�Diagnostic Pathway in Women with Stroke

Symptoms of stroke depend on which and how large part of the brain is affected by 
the impaired circulation. Sudden onset of hemiparesis and speech impairment are 
classical symptoms of stroke that have been used in many campaigns to raise 
awareness of stroke. There are studies finding that women to have more speech 
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disturbances than men [73], while others find no difference [74]. Altered mental 
state is more frequently described for women than for men [75, 76]. This can make 
it more difficult to identify stroke and may delay presentation at hospital. With the 
availability of more effective treatments of stroke that are highly time dependent 
identification of stroke and immediate care has become even more important. It has 
been shown that pre-hospital identification of acute stroke increases the possibility 
of early acute treatment and better outcomes. The chance of having thrombolysis is 
higher for patients arriving as “stroke alarms” to the emergency department [77–80]. 
Very few stroke patients call the emergency services themselves and importantly 
depend on family or other bystanders for help [74, 76].

Diagnostic evaluation is the same in men and women. Neuroimaging of the brain 
should be performed as soon as possible in the acute phase to distinguish between 
ischemic or hemorrhagic stroke. CT-scan is extremely sensitive in detecting hemor-
rhage. Early after ischemic stroke onset, a CT scan of the brain may appear to be 
normal. Diffusion weighted MRI is more sensitive in spotting early ischemic 
changes. If there is a large vessel occlusion, as can be detected by CT or MRI angi-
ography, thrombectomy can be useful. An angiography can also show vascular mal-
formations causing hemorrhagic stroke and is thus indicated regardless of stroke 
type. Imaging of carotid arteries and detection of AF with ECG or long term ECG-
monitoring should also be done to determine a potential cause of stroke and to apply 
optimal treatment. In both women and men, with significant symptomatic carotid 
stenosis, suspected of causing an ischemic stroke or TIA, carotid end artery surgery 
is recommended within 2 weeks of the event [83]. The perioperative risk seems to 
be comparable in men and women [84]. There is limited data on how to treat asymp-
tomatic carotid stenosis, i.e. a carotid stenosis that had not yet caused a TIA or 
ischemic stroke [85]. Improvement of “best medical treatment”, particularly with 
the introduction of statins, has made it difficult to rely on results of the old, large 
asymptomatic carotid stenosis studies. While both men and women with stenosis 
progression are at increased risk of ipsilateral stroke, the degree of stenosis and 
presence of irregular plaque surface increases the stroke risk only in men but not in 
women [86]. For cognitive assessment the Montreal Cognitive Assessment (MoCA) 
test is easy to administer and is validated in stroke patients with a high sensitivity 
and specificity [87, 88].

Two Clinical Cases
I. The patient is a non-smoking widowed woman in her early 80s. She has 
mild cognitive impairment but manages herself with some help from her 
daughter and daily visits from home care. She used to be an avid walker but 
feels her balance is a bit impaired and she rarely gets out anymore. She 
recently had a TIA and although the ECG at the emergency room did not 
reveal anything abnormal, long term ECG shows several episodes of AF with 
duration of 1–2 min each. After the TIA she started with an ACE-inhibitor, 
platelet inhibitor and a statin daily. She tolerates the medication well and it 
works easy with the new dosing aid her daughter gave her. Her blood pressure 
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�Treatment Advice for TIA/Stroke

�Primary Prevention

Primary prevention of stroke includes healthy lifestyle habits such as not smoking 
and being physical active. As smoking women might be of even higher risk of stroke 

is 135/85 mmHg. Electrolytes levels are normal, creatinine is 95 umol/L with 
a reduced creatinine clearance of 35 mL/min.

There is a strong indication for permanent oral anticoagulant treatment. A 
mild cognitive impairment is no contraindication, particularly when medica-
tion adherence is well with the dosing aid. The platelet inhibitor is exchanged 
for a NOAC, which can be kept in the dosing aid. Due to her rather low creati-
nine clearance, the NOAC with the least renal excretion is chosen. Physical 
activity is important. A walking aid would make her feel more confident and 
prone to take walks and get out of the house.

II. A 43 year old woman is presented in the emergency room with head-
ache, a dull ache on the left of her neck that has been present since a hiking 
trip 3 days prior to admission. She has had several episodes of numbness and 
motor dysfunction in her right arm, combined with some slight speech diffi-
culties during the last 2  days. Her blood pressure is slightly elevated, 
150/90 mmHg, normal laboratory measures, no fever and a normal neurologi-
cal, pulmonal and cardiac status. She uses oral contraceptives in order to regu-
late the heavy periods she suffered all her life but no other medication. She 
smokes, a couple of cigarettes a day but has an otherwise healthy lifestyle.

The patient history makes repeated TIAs due to a dissection of the left 
carotid artery a preliminary diagnosis. Although rare, in younger persons, dis-
section is the second most common cause of stroke. It may be due to trauma 
but can also occur without any obvious trauma. The prognosis is good if 
emboli can be avoided. The diagnosis is made by CAT scan with angiography, 
MRI with angiography or by ultrasound. Radiology is often used for acute 
diagnosis, if the healing process is wished to be monitored, ultrasound may be 
a good alternative avoiding unnecessary radiation.

Treatment for a dissected carotid artery consist of antithrombotic treatment 
either with anti-platelet therapy or with vitamin K antagonists. There is no 
evidence at present suggesting the superiority of either [84]. Due to the 
patient’s heavy periods, that likely will increase with vitamin K antagonists 
and cessation of OC, temporary antithrombotic treatment with a platelet 
inhibitor is chosen to avoid even heavier menstrual bleeding. Many dissec-
tions heal spontaneously over a couple of months. Advised is to monitor the 
healing of the dissection and if so to consider discontinuation of antithrom-
botic treatment after a couple of months.
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than their male counterparts this issue should be underscored. Detection and control 
of hypertension is essential. An important aspect in elderly women is the presence 
of AF. In a Swedish study screening for AF with intermittent ECG recordings in 
75–76 year-old individuals found that 5% of the screened population had untreated 
AF [37]. As the risk of stroke in women with AF is high and the strokes that results 
from AF are often extensive this is of great importance. Another group in which 
preventive measures are exceedingly important are women with previous pre-
eclampsia who may be a potential high risk group for stroke [31].

�Acute Treatment

Acute treatment of ischemic stroke has changed dramatically recently. The earlier 
treatment can be started the more effective it is. Thrombolysis with the rt-PA has 
good results if given within 4.5 h of stroke-onset in patients without contraindica-
tions [89, 90]. Studies have also shown the effect in elderly over 80  years [91]. 
Several studies have shown that women are less often treated than men [92], despite 
comparable effectiveness of treatment in women as in men [76–78, 93]. The dosage 
is weight based which might explain why the risk of adverse events such as intracra-
nial hemorrhage is equally common in men and women, occurring in 4–5% of all 
treated [91] and there are even studies showing trends towards a lower risk [77, 79]. 
For patients with large artery occlusion strokes thrombolysis is seldom enough to 
achieve adequate reperfusion. Thrombectomy with stent retrievers have been shown 
to be very effective in several randomized trials [80]. As with thrombolysis, the 
earlier after stroke onset the treatment is started, the better prognosis. The chance of 
a good functional outcome is more than doubled if treatment can be started within 
6  h of stroke onset, often after thrombolysis has been given. The importance of 
‘time’ makes it immensely important to be referred to hospital immediately, prefer-
ably as a ‘stroke alarm’ in the ambulance [94–96].

In patients treated with thrombolysis alone or combined thrombolysis/
thrombectomy, a control CT-scan should be performed 24 h after treatment to ensure 
no bleeding complications have occurred. A platelet inhibitor should then be started. 
In patients without reperfusion treatment, a platelet inhibitor should be started as 
soon as a CT scan has ruled out an intracerebral hemorrhage. The platelet inhibitor 
Aspirin has been shown to be very effective in early treatment of ischemic stroke 
and should not be delayed [97]. In patients with dysphagia rectal administration of 
acetyl salicylic acid can be used [98].

Treatment in a stroke unit has been shown to increase the chance of better out-
comes and all stroke patients, regardless of age or sex, and in the current era all 
stroke patients should be offered this possibility [99]. There is at present no specific 
therapeutic treatment of intracerebral hemorrhages in general beside stroke unit 
care and blood pressure lowering. Lowering elevated blood-pressure in the acute 
phase to at least 140–160 mmHg has beneficial evidence in both men and women 
[100].
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�Secondary Prevention

The risk of recurrent stroke is considerable and it is therefore imperative to provide 
optimal secondary prevention. Lifestyle parameters such as not smoking, moderate 
alcohol-use, and regular physical activity are of great importance regardless of 
stroke type [32]. Adequate antihypertensive treatment and follow up is also required. 
In ischemic stroke or TIA, when no source of cardiac emboli is present, prolonged 
anti-platelet therapy is recommended [101–103]. After embolic ischemic stroke or 
TIA vitamin K antagonists are strongly recommended. Statin use in women for 
primary prevention has been debated, for secondary prevention however there are 
strong recommendations [102, 103]. Patients having a significant symptomatic 
carotid stenosis are recommended to have surgery for this within 2 weeks, regard-
less of sex and age as long as the patient has at least a couple of years estimated 
survival [104].

�Conclusions

•	 Women have similar traditional risk factors for stroke as men. However, women 
also have sex-specific risks connected with pregnancy/puerperium, use of OC 
and HRT.

•	 Although AF and diabetes are less prevalent in women, the risk of stroke is 
higher and preventive treatment needs to be tailored for women.

•	 In women with multiple risk factors of stroke including hypertension, migraine 
with aura, smoking and obesity, the risk of stroke is increased with use of com-
bined OC or HRT.

•	 Acute treatment of ischemic stroke with thrombolysis/thrombectomy is time-
dependent and at least as effective in women as in men

•	 Adherence to medication in secondary prevention should be encouraged more in 
women to avoid recurrent stroke.
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Chapter 13
Sex and Gender Differences in Psychosocial 
Risk Factors for Ischemic Heart Disease

Paula M.C. Mommersteeg, Jos W.M.G. Widdershoven, 
and Willem Johan Kop

Abstract  Women have more depression and anxiety than men, which are associ-
ated with an increased risk of mortality in ischemic heart disease (IHD). Psychosocial 
factors are related to inflammation and an autonomic nervous system imbalance. 
Younger (premenopausal) women have a stronger effect for psychosocial factors 
and IHD outcomes than older women. Social norms and status, gender roles and 
expectations also contribute to health status in individuals with IHD. It may be dif-
ficult to distinguish cardiac symptoms from anxiety or a panic attack. Specific inter-
ventions are needed to reduce (chronic) psychosocial stress in women.

Keywords  Anger • Anxiety • Autonomic dysfunction • Depression • Gender roles 
• Heart rate variability (HRV) • Inflammation • Ischemic heart disease (IHD) • 
Loneliness • Panic attack • Psychosocial factors • Psychological distress • 
Socioeconomic status • Stress • Type D personality

�Introduction

Women are more likely than men to report psychological complaints, including 
depression, anxiety, and general distress [1–4]. Differences in prevalence of psycho-
logical distress between men and women emerge in mid-puberty and women show 
a consistently higher prevalence of elevated distress up until menopause and differ-
ences in decline in older adulthood [3, 4]. The prevalence in depression and anxiety 
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over the lifecycle stratified by sex are displayed in Fig. 13.1. Panel (a) and (b) show 
the number of women and men presenting to a physician with depression (a) or 
anxiety (b) in the Netherlands in 2011 [5]. The nearly doubled prevalence of depres-
sion and anxiety in women compared to men along the lifecycle is apparent, as well 
as the decline in older adulthood for women as well as men (Fig. 13.1).

Both depression and anxiety are associated with an increased risk of mortality in 
individuals with ischemic heart disease (IHD) [6–9]. In patients with an acute coro-
nary syndrome (ACS), depression is a risk factor for poor prognosis including all-
cause mortality, cardiac mortality, and nonfatal cardiac events [10]. Other 
psychosocial factors that have been associated with an elevated risk of IHD include 
anger/hostility, (low) social support, Type D personality, (low) socioeconomic sta-
tus, and general psychological distress related to family, work, or care giving [11–
14]. These psychosocial factors have been found to be related to the development, 
prevalence, and progression of coronary artery disease (CAD) [15]. For example, 
the INTERHEART study examined modifiable risk factor differences in over 13,000 
cases with a history of acute MI and over 11,000 controls. They found that the pres-
ence of psychosocial risk factors was related to a 32.5% attributable risk for an 
acute coronary syndrome (ACS), which was on par with the risk of smoking, and 
exceeding risk for other adverse lifestyle factors and cardiac risk factors [16]. 
Moreover, anger or being emotional upset was significantly more prevalent in the 
hour before an acute ACS [17]. Low socioeconomic status predicted cardiovascular 
mortality in men, and social support appears to be protective for men, but not for 
women [18]. A recent meta-analysis on social support and loneliness predicted mor-
tality consistent across men and women [19].

The difference between biological sex and the psychological correlates of “gen-
der” is important in the understanding of psychological and social risk factors for 
cardiovascular disease. In this respect, gender reflects social norms, roles and 
expectations for women and men, rather than biological sex per se. Gender may be 
more important than sex in driving adverse cardiovascular risk factors [20] and the 
prediction of cardiovascular outcomes [21]. Pelletier and colleagues have examined 
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Fig. 13.1  Number of people with either depression (a) or anxiety (b) per 1000 persons. Data 
obtained via CBS Statline (2011), representing Dutch physician registries in 2011 [5]
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a gender-related score, operationalized by seven items, which was associated with 
adverse outcomes in a prospective cohort of men and women younger than 55 years 
after an acute coronary syndrome [21].

Psychosocial risk factors have been suggested by the joint guideline of the 
European Society of Cardiology (ESC) to become incorporated in clinical practice 
and research as they may add to the individual risk profile of the patient [22, 23]. A 
15 item psychosocial screening inventory based on these ESG guidelines has been 
validated in patients who underwent percutaneous coronary intervention (PCI). The 
screening inventory showed good feasibility and was of predictive value for 1-year 
angina and cardiopulmonary symptoms [24].

To summarize, women on average report more depression and anxiety over the 
lifespan, and psychosocial factors, including but not limited to depression and anxi-
ety, are related to cardiovascular disease development and progression. In order to 
understand if and how sex and psychosocial factors are related IHD risk, sex differ-
ences in CAD and related conditions of IHD are discussed in the next section.

�Coronary Artery Disease in Women; Ischemic Heart Disease 
and Coronary Microvascular Dysfunction

The term “ischemic heart disease” (IHD) is preferable over CAD when describ-
ing heart disease in women [25]. With IHD the importance of myocardial isch-
emia is implied without requiring involvement of significant obstructive 
narrowing of the epicardial coronary arteries [26]. This is consistent with the 
relatively higher prevalence of non-obstructive CAD (NOCAD) in women com-
bined with the comparable levels of myocardial ischemia [25]. Moreover, approx-
imately half of the women with chest pain do not have significant CAD as 
measured by coronary angiography (i.e., <50% luminal narrowing of a coronary 
artery), whereas chest pain in the absence of significant CAD has been found to 
be less prevalent in men (10–20%) [27–29]. It is therefore remarkable that pre-
menopausal women who have had an acute coronary syndrome (ACS) have a 
greater incidence of adverse outcomes compared to men, despite having less 
obstructive CAD [25].

Ischemic heart disease can include microvascular ischemia, which is character-
ized by abnormal vascular function in “resistance vessels” of the heart, i.e., the 
microvasculature [30, 31]. This condition can co-exist with endothelial dysfunction 
in the epicardial coronary arteries. Endothelial dysfunction involves poor function 
of the lining cells of the coronary vessels (i.e., the endothelium) and is common at 
all stages of CAD. Endothelial dysfunction can result in transient vasoconstriction 
and subsequent myocardial ischemia, and can be present in vessels without luminal 
narrowing. Endothelial dysfunction may therefore explain why significant obstruc-
tive CAD (i.e., luminal narrowing >50%) is often not detected in women with car-
diac symptoms and why non-obstructive CAD (NOCAD) is not necessarily benign. 
In this context it is relevant to consider coronary microvascular dysfunction (CMD). 
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This is discussed extensively in Chap. 4 and in short CMD is characterized by: (1) 
inducible myocardial ischemia as documented by ECG changes, transient wall 
motion abnormalities, or perfusion defects on cardiac imaging following exercise or 
pharmacological provocation tests; (2) a history of chest pain or other cardiac symp-
toms; and (3) normal or minimally narrowed coronary arteries (<50% luminal ste-
nosis) at angiography [30, 32–34]. It is possible that CMD involves both epicardial 
coronary dysfunction as well as microvasculature dysfunction. Both pathophysio-
logical processes may lead to reduced blood flow and cause myocardial ischemia 
and symptoms that can be qualitatively different from obstructive CAD [35, 36]. 
These conditions require further investigation as the differential diagnosis is com-
plicated and treatment options are not well defined.

�Sex Differences in Psychological Factors Associated 
with Ischemic Heart Disease

Women diagnosed with IHD report poorer health status when compared to men [37, 
38]. A poor health status has been found to be a predictor for adverse prognosis [39, 
40]. However, sex differences related to health status, depression, or anxiety-
associated risk of IHD remain under-investigated [41]. The increased prevalence of 
depression in women is observed in patients with IHD, with a higher frequency in 

Case I: A Woman with Coronary Microvascular Dysfunction (CMD)
A 55-year old perimenopausal woman was referred to our outpatient clinic 
from another hospital for a second opinion because of non-typical cardiac 
symptoms 1 year after an ST-elevation myocardial infarction (STEMI) and a 
recurrent STEMI. Several months following the recurrent infarction she expe-
rienced chest pain located at the left hemi thorax and behind the sternum. 
These complaints lasted for several hours with an intermittent sharp sensa-
tion. Sometimes her symptoms started at the distal upper extremities and also 
occurred after exercise. Often work-stress preceded the symptoms and sublin-
gual nitrates were effective but resulted in severe headaches. She was 
exhausted after work and the complaints made her insecure about her physical 
condition. Apart from migraine as a teenager and hypercholesterolemia her 
past medical history was negative for cardiac or other medical conditions. The 
electrocardiogram at rest showed repolarization abnormalities in the infero-
lateral region and echocardiography revealed nonsignificant mitral incompe-
tence. No evidence was found for epicardial coronary artery narrowing at 
coronary angiography. These findings resulted in a diagnosis of microvascular 
cardiac dysfunction, predominantly triggered by stress. Initially prescribed 
beta-adrenergic blocking agents were discontinued because of side effects 
and replaced by long-acting calcium antagonist which resulted in improve-
ments of her complaints.
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women (19%) compared to men (12%) [42]. Some evidence suggests that depres-
sion is only associated with future IHD-related mortality in men but not in women, 
whereas depression predicts IHD incidence in both men and women [43]. However, 
sex differences are not consistently found across studies. In the INTERHEART 
study significant sex differences for ACS risk were present for work stress; non-
significant for women, but significant for men, and locus of control with more pro-
tective effects in women, but no sex differences in risk were observed for stress at 
home, financial stress, stressful life events, or feeling depressed [44]. The Women’s 
Ischemia Syndrome Evaluation (WISE) study showed that in women with suspected 
IHD depression predicted hospitalization as well as mortality [45]. Similar findings 
were observed in other large epidemiological cohorts in women, such as The 
Stockholm Female Coronary Angiography Study, showing that women with high 
stress levels related to work or family challenges develop narrowing of the coronary 
arteries [46]. Smolderen and colleagues showed that women below 60 years of age 
with a history of depression were more likely to be admitted for an ACS compared 
to men [47]. Moreover, recovery after an ACS is worse in young and middle-aged 
patients who report higher stress at baseline. Higher stress levels were present in 
women, which partially explained their worse recovery [48]. In patients with IHD, 
after adjustment for potential confounding factors, depressive symptoms predicted 
presence of obstructive CAD, as well as follow-up major adverse cardiac events 
(MACE), and death in women below 55 years, but not in men or women over the 
age of 55 years [49]. In relatively young women after an ACS, vital exhaustion (an 
episode of extreme tiredness, demoralization and increased irritability) was associ-
ated to accelerated coronary atherosclerosis progression [50]. Low and colleagues 
reviewed 67 reports on sex differences in psychosocial risk factors for CAD inci-
dence or recurrence. Results indicated that depression, anxiety disorders, and stress 
related to family issues are associated with an elevated IHD risk among women, 
whereas the associations of general anxiety, work-related stress and hostility are 
less clearly associated with IHD in women compared to men [14].

Doyle and colleagues performed a systematic review and individual patient data 
meta-analysis of sex differences in depression and subsequent prognosis of people 
with an ACS [51]. The prevalence of depression was higher in women compared to 
men, and depression was associated with all-cause mortality and cardiac events. 
Interestingly, the association of depression with all-cause mortality was higher in 
men (HR 1.38, 95%CI 1.30–1.47), compared to women (HR 1.22, 95%CI 1.14–
1.31), which was confirmed by a significant interaction between sex and depression 
[51]. Similar findings were observed for the presence of depression in people report-
ing angina pectoris in both Western and non-Western populations; depression was 
more prevalent in both men and women who reported angina pectoris, but this asso-
ciation was stronger in men [52]. Still, these findings represent IHD conditions 
which are more prevalent in men. More attention is needed for IHD conditions 
including non-obstructive CAD, which is more present in women, and age stratified 
findings.

In summary, psychosocial risk factors are more prevalent among women com-
pared to men both in the general population as well as in individuals with 
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IHD. Psychosocial risk factors are associated with adverse cardiac outcomes in 
both men and women. Risk for psychosocial distress and cardiac outcomes 
appear to be stronger for men, and for younger women with depression or anxi-
ety. This trajectory of elevated psychosocial across the life cycle is in contrast 
with the relatively low risk of obstructive CAD in women during this time period. 
This discrepancy may be explained in part by difference in the clinical pheno-
types of IHD in women versus men (with predominance of CMD in younger and 
middle-aged women) and/or the unique presentation of cardiac symptoms in 
women with IHD.

�Psychosocial Factors in Ischemic Heart Disease: Role 
of Estrogens and Inflammation

A number of biological mechanisms have been suggested and are considered to be 
associated with psychosocial factors on the one hand, and adverse cardiac out-
comes on the other, including neuroendocrine dysfunction, autonomic control, 
endothelial dysfunction, and inflammation [10, 53, 54], for a detailed review see 
reference [55]. In addition, the prevalence of depressive symptoms and anxiety 
across the lifecycle in women may suggest an effect of sex hormones on mood. 
During reproductive years depressive symptoms have been related to cyclic changes 
in sex-steroid hormones during the menstrual cycle, infertility treatment, during 
pregnancy or after delivery (e.g. post-partum depression) [56–58]. In the perimeno-
pausal phase estrogen levels decline and fluctuate substantially and after meno-
pause estrogen is no longer produced by the ovaries but in smaller amounts by the 
adrenal glands and in fat tissue. The fluctuating levels of estrogens over the life-
cycle suggests a ‘window of vulnerability’ for depression and mood states. 
Moreover, the fluctuating and declining estrogen levels in perimenopause and 
thereafter makes estrogen a plausible contributing factor to ageing in the develop-
ment of atherosclerosis.

Psychosocial factors have consistently been related to inflammation in IHD [13, 
59–61], and sex differences have been observed in levels of biomarkers, such as 
high sensitive C-reactive protein (CRP) and other inflammatory cytokines [62, 63]. 
This is supported by clinical-observational and epidemiological investigations [64–
66]. The predictive value of inflammatory markers such as CRP, interleukin 6 (IL-
6), and tumor necrosis factor alpha (TNF-α) for IHD development and prognosis 
are well established [62, 67–69]. Estrogens inhibit local production of pro-
inflammatory markers such as CRP by decreasing IL-6 secretion [69]. Consistent 
with these immune system-related effects of estrogens, postmenopausal women 
have increased circulating levels of pro-inflammatory cytokines IL-6 and TNF-α, 
and an increased response of the body to these cytokines [70]. Although estrogens 
levels can affect endothelial function [71], inflammation plays a key role in endo-
thelial dysfunction. Endothelial dysfunction has been related to depressive symp-
toms [72].
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�Chest Pain, Cardiac Symptoms and Differentiation 
from Panic Disorder

Symptoms of chest pain are associated with IHD in men with relatively good sen-
sitivity and specificity, but in women these symptoms are less sensitive/specific 
[35, 73]. The most common ACS symptoms in women are shortness of breath, 

Case II: A Woman with Chest Pain and Anxiety
A 42-year-old woman presented to the outpatient department of cardiology 
with complaints of chest pain since 4 weeks. These complaints occurred during 
exercise and at rest. She was a non-smoker with slightly elevated cholesterol 
levels and her family was known with heart disease. She was on aspirin and 
oral nitrates as prescribed by her general practitioner. Physical examination 
and an electrocardiogram at rest were normal. An exercise test was inconclu-
sive because of insufficient workload. Because of suspected coronary artery 
spasm, a calcium antagonist was added to the medication and she was followed 
up in the outpatient clinic. Two years later a coronary angiogram was per-
formed because of recurrences of chest pain and this study showed normal 
coronary arteries. However, drug therapy was continued and during the subse-
quent years she visited the outpatient clinic and the emergency department 
frequently with complaints of chest pain accompanied by radiation to the jaws, 
perspiring, heavy feeling of palpitations and dizziness. There was a minor posi-
tive effect of sublingual nitrates. A dobutamine stress echo was normal. During 
the following years a nuclear study showed no abnormalities, a repeated angio-
gram was normal and an acetylcholine provocation test showed normal endo-
thelial function. Gastrointestinal and pulmonary abnormalities were excluded. 
A careful history taken at the outpatient department, unfortunately more than 
10 years after the initial presentation, showed the complete atypical presenta-
tion of the complaints that were related to stress and accompanied by numb-
ness and tingling of both arms, agitation, shortness of breath and fear of dying.

Referral to a medical psychologist and cognitive behavioural therapy 
(CBT) treatment resulted in marked improvement and the ability for the 
patient to handle her complaints. It was concluded that this patient was treated 
for many years for suspected coronary spasm or possible cardiac microvascu-
lar disease but in fact she suffered from anxiety and panic attacks that were 
successfully treated with CBT. Although this long treatment is exceptional it 
is not uncommon in daily practice that patients with anxiety and panic attacks 
are misdiagnosed as cardiac patients and treated accordingly. This approach 
to treatment is partly due to the focus of the patient and the health professional 
on physical explanations for (cardiac) symptoms. It is of importance for doc-
tors to reassure that there are serious complaints in these patients but also to 
exclude a physical origin. Gradually the focus may need to shift from physical 
to psychological explanations for persistent symptoms.
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weakness, and fatigue in addition to chest pain [35, 73]. Other reported symptoms 
which are more prevalent in women compared to men include, nausea, vomiting, 
numbness in hands, back, neck or jaw pain, dizziness, palpitations, chest discom-
fort, sense of dread, anxiety, or cold sweat [74]. One of the consequences of these 
different symptom profiles in women is that the patient as well as physicians and 
other health care providers have to differentiate their interpretations of these symp-
toms from other conditions such as anxiety, psychological distress, and acute panic 
disorder. These “competing interpretations” may result in delayed and often missed 
diagnosis of IHD and lack of initiation of necessary clinical interventions [25, 35, 
75–77]. One of the major challenges is to be able to differentiate between cardiac 
symptoms and complaints that accompany anxiety or a panic attack. Another major 
challenge is the correct diagnosis of symptoms of IHD that are not characterized by 
chest discomfort (e.g., dyspnea, fatigue, pain in regions other than the chest and/or 
radiation to arms or jaw).

A panic attack by definition is a period of intense fear, which develops suddenly. 
Symptoms of a panic attack largely resemble symptoms of angina pectoris or even 
a myocardial infarction. Figure 13.2 shows a Venn-diagram for symptoms of a panic 
attack and angina, and the overlap between both entities. The majority of symptoms 
overlap, which makes it challenging to distinguish angina from a panic attack in the 
emergency department and other clinical settings. The meta-analysis by Huffman 
and Pollack showed that five factors were predictive of panic disorder among per-
sons who present with chest pain: the absence of obstructive CAD, atypical quality 
of chest pain, female sex, younger age (mean age 45 years), and a high level of self-
reported anxiety [78].

Irrespective of ‘hard’ cardiac outcomes, the presence of chest pain and other 
cardiac symptoms are important, since patients with NOCAD continue to report 
chest pain [79], limiting their physical activity, and they continue to have hospital 
readmissions [80]. From a health perspective, the increased health care utilization, 
follow-up visits and laboratory testing are costly and demanding to patients and 
their families. Recurrent chest pain does not necessarily lead to mental health care 

Fig. 13.2  Venn diagram of 
overlapping and distinctive 
symptoms of a panic attack 
and angina pectoris
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referral [80]. Still, the presence of panic disorder is not harmless; patients with 
panic disorder have a 47% increased risk of developing IHD, a 36% increased ACS 
risk, and a 40% increased risk for MACE [81] compared to individuals without 
panic disorder. Moreover, both anxiety, mental stress, and a panic attack are associ-
ated with coronary vasoconstriction and reversible myocardial perfusion defects 
indicative of myocardial ischemia [82–86], which have found to be more prevalent 
in women compared to men [87]. Thus, a bidirectional relationship can be assumed; 
both stress and panic can cause ischemia, and vice versa ischemia can cause a panic 
attack. The possibility of an ACS, or coronary ischemia causing a panic attack, is 
suggested via increased catecholamine levels (noradrenaline and adrenaline), a 
decreased heart rate variability (HRV), or cerebral CO2 levels secondary to an 
increase in lactate as a consequence of ischemia [80].

These findings indicate that although chest pain is prevalent in both angina and 
panic disorder, the latter can occur with typical angina. Even if a panic disorder is 
recognized, this does not exclude the possibility of co-occurring CAD [80]. 
Screening tools to date are not adequate for the differential diagnosis of cardiac 
chest pain versus chest pain that is part of a panic attack. It is possible that clinical 
benefits will result from the validation study of a 4-item Panic Screening Score 
instrument for use in the emergency department [88].

�Mechanisms of Chest Pain and Anxiety;  
Heart Rate Variability

An autonomic nervous system imbalance can be a vital part of the missing link in 
the association between sex differences in cardiac symptoms, psychosocial distress, 
and pathophysiological functioning in IHD.  Heart rate is regulated by the auto-
nomic nervous system, the parasympathetic branch acting as a brake, via the neu-
rotransmitter acetylcholine, while activation of the sympathetic nerves, releasing 
noradrenaline, accelerates heart rate. The vagus nerve transmits signals from the 
brain to the heart to regulate heart rate, but at the same time 80% of the vagus nerve 
comprises sensory (afferent) nerves, informing the brain about the heart and other 
peripheral organs [89]. Via the vagus nerve autonomic functioning is balanced in a 
dynamic way to respond to internal and environmental demands, which can be 
examined noninvasively by heart rate variability (HRV). HRV is the irregularity of 
consecutive heart beat intervals [90–92]. High HRV represents more variation in 
interbeat intervals, indicating a more variable and healthy heart rate regulation. A 
disturbance in autonomic balance, reflected in a reduced HRV suggests a decreased 
parasympathetic inhibition.

Examining HRV is intriguing for several reasons. There are many studies con-
firming the relevance of examining HRV in relation to chest pain [93–98], sex dif-
ferences [90, 99], CAD [90, 91, 100], inflammation [61, 101–103], microvascular 
and endothelial functioning [104–107], and psychosocial factors [95, 108–112], 
though inconsistent findings have been reported [113, 114]. Few studies have 
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combined these elements: more chest pain and lower HRV was observed in women 
who report panic attacks [97], and a reduced parasympathetic tone was observed in 
patients with cardiac symptoms and inducible ischemia but without clinically sig-
nificant CAD [115, 116]. Differences in vagal nerve activation between men and 
women suggest sex-related variations in sensory properties of this pathway and/or 
central perception and interpretation of internal and external signals, resulting in 
increased perceived chest pain and subsequent feelings of anxiety. It remains to be 
investigated if and how autonomic dysregulation plays a role in cardiac symptom 
perception, and sex differences in mood associated with IHD.

�Treatment Options of Stress-Related Ischemic Heart Disease

Interventions for patients with IHD typically take place in the context of cardiac 
rehabilitation (CR) following ACS or revascularization with either PCI or 
CABG.  Cardiac rehabilitation involves modules to enhance physical exercise, 

Case III: A Woman with Chronic Stress and a Reduced  
Ejection Fraction
The patient is a woman in her late 40s who presents with chronic recurrent 
chest pain that tends to be more frequent and severe during periods of psycho-
logical distress. She also has occasional complaints of dizziness and sustained 
low energy levels. These complaints have been present for approximately 
7 years. When the patient was more symptomatic, echocardiography revealed 
evidence for moderate reduced left ventricular function (ejection fraction 
(EF) 40%). Repeated coronary angiography provided no evidence for signifi-
cant epicardial CAD. The patient has premature hypertension but no other 
CVD risk factors. Other co-morbidities include fibromyalgia and chronic 
pain. The patient also has a history of early-life physical abuse and is diag-
nosed with post-traumatic stress disorder (PTSD).

The patient complains about stress-related chest pain. The ECG is normal 
with an intermediate axis and signs of non-specific inferolateral repolariza-
tion abnormalities. Her hypertension appears well controlled with beta-
adrenergic blockade and an angiotensin-II receptor blocker. Currently, she is 
unemployed and is under substantial pressure to find other work.

Repeated echocardiograms over the past 7  years show that her ejection 
fraction is markedly lower during episodes of psychological distress (ranging 
between 35% and 45%) compared to periods when she feels less tense (EF 
approximately 50%). This pattern of fluctuating symptoms and parallel 
changes in cardiac pump function are consistent with stress-induced myocar-
dial dysfunction that could reflect myocardial ischemia related to CMD [117]. 
It remains to be elucidated whether this chronic form of PTSD-related CMD 
has pathophysiologic similarities with the more acute Takotsubo syndrome.
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medical management of blood pressure and lipids, and lifestyle counseling on diet 
and smoking cessation (see Chap. 10). Evidence suggests that CR reduces cardiac 
mortality, hospitalization and improves quality of life [118]. Moreover, exercise-
based cardiac rehabilitation interventions results in reduced risk for cardiovascular 
mortality, hospitalization and improved health related quality of life, but not in 
improvements in the risk of ACS or coronary intervention or total mortality [119].

Stress reduction, e.g. a stress management training, is not routinely incorporated 
in the CR program [118], but psychological interventions are often added to a subset 
of patients with psychosocial problems. Cardiac rehabilitation is not offered yet to 
IHD patients with CMD who do not have clinical significant CAD. However, CR 
provides a very useful existing framework that can be adapted to better meet the 
needs of IHD patients with CMD, particularly those with high levels of psychoso-
cial burden. A recent randomized controlled trial that integrated a stress-management 
training as an additional part of CR showed significant reductions in stress immedi-
ately after treatment, and showed improvement in clinical outcomes [118]. 
Considering treatment options aimed at reducing psychosocial stress, a recent 
Cochrane systematic review showed that psychological and pharmacological inter-
ventions have small to moderate effects on reducing depression and anxiety, but not 
on reduction in mortality or cardiac events. However, the number of studies is still 
relatively small and design characteristics have been heterogeneous [120, 121]. A 
recent review showed that behavioral change interventions reduced the risk of mor-
tality, but not IHD events [122]. A meta-analysis of collaborative care interventions 
showed that there are small effects for a reduction in depression, depression remis-
sion, anxiety and mental quality of life, but no long-term reduction in MACE [123]. 
The Cochrane review by Kisely and colleagues concluded that there is a modest to 
moderate benefit for psychological interventions in reducing non-specific chest pain 
in patients with normal coronary anatomy [124]. However, there was strong hetero-
geneity between the findings. More studies on psychological interventions exceed-
ing a period of 12 months are warranted [124].

There is also a need to consider the usefulness of sex-specific CR strategies. 
Psychological intervention trials in IHD patients indicate that women benefit less 
than men. Orth-Gomer and colleagues propose to compose same-sex intervention 
groups on stress management training [125], and for scientists to report more sex-
specified outcomes in studies [126]. Screening for high-risk patients may be an 
important first step to optimize long-term clinical outcomes in IHD. The risk for 
adverse outcomes stratified for gender or other diversity groups can be observed and 
reported, e.g. by using the ESC screener for psychosocial factors [23]. Another 
route that needs to be taken is to incorporate a panic screening instrument in the 
emergency department to investigate unexplained panic attacks and chest pain, 
which may improve more appropriate referral [88]. Practical suggestions on how to 
proceed to study female-specific cardiovascular health and disease are provided by 
Ouyang and colleagues [127]. The Society for Women’s Health Research compiled 
an inventory for the study of women and CV health across the lifespan, and provides 
practical recommendations for clinical scientists, including a significant role for the 
study of psychosocial variables [127].
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�Conclusions

•	 Sex differences in psychosocial factors are associated with IHD progression and 
poor prognosis.

•	 A stronger effect for psychosocial factors and IHD outcomes is observed in 
younger (premenopausal) women compared to older women.

•	 Women report more atypical cardiac chest pain symptoms, and the overlap 
between ACS and panic disorder or acute anxiety does not exclude IHD in women.

•	 Specific interventions are needed to reduce (chronic) psychosocial stress in 
women.
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Chapter 14
Pharmacotherapy in Women

Karin Schenck-Gustafsson and Mia von Euler

Abstract  Pharmacokinetic properties such as absorption, distribution, metabolism, 
and elimination of drugs often differ between men and women and change over 
lifetime. Women experience more adverse events and side-effects of medications than 
men. Hormonal changes during the menstrual cycle usually have limited effect on the 
pharmacokinetics of drugs, except for drugs that interfere with QT-interval. It is 
debated whether there is a systematic difference in compliance to medication in women 
compared to men. Drug interactions and drug safety during pregnancy are discussed.

Keywords  Anti-arrhythmic drugs • Beta-blockers • CYP3A4 inhibitors • Drug 
interactions • Drug safety • Estrogen • Glomerular filtration rate (GFR) • Medication 
adherence • Menopause • Pharmacodynamics • Pharmacokinetics • Pregnancy  
• QT-interval • Sex-hormones • Side-effects • Statins • Torsade de Pointes (TdP)

�Introduction

Pharmacotherapy is the most common treatment used in health care [1]. During 
their life span, women in general use more drugs than men, not only because of 
(contraceptive) hormonal treatments [2]. Even when the nature of the treatment 
effect is similar in men and women, there are different factors that needs to be taken 
into consideration when treating women. Pharmacokinetic properties such as 
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absorption, distribution, metabolism, and elimination of drugs quite often differ 
between men and women which might be clinically significant [3]. Over the course 
of life and particularly during pregnancy and hormonal therapy, pharmacokinetic 
variables change, affecting therapeutic effectivity and interactions [4]. Whereas 
pharmacokinetic differences are rather common, pharmacodynamics properties are 
usually less distinct between the sexes. However, they may differ between men and 
women, but also change with ageing [5–15].

The risk of adverse events of drugs differs between the sexes [16, 17]. Overall, 
women experience more adverse events and side-effects than men. Other major risk 
factors for adverse events at old age are also more commonly present in women, 
including polypharmacy [16–19]. Even though women in general use more drugs 
than men they may be undertreated for several indications [20]. Also, overuse or 
inadequate use of drugs often occur [21].

�Sex-Differences in Pharmacokinetics and Pharmacodynamics

In general, women have a lower body weight than men. Usually this is accounted 
for in pharmacokinetic studies where weight adjustments are made. However, in 
adults dosing is not as often corrected for weight which may result in too high doses 
in women [6, 7]. The absorption of drugs taken orally depends on the drug’s chemi-
cal and physical properties, physiologic factors such as the pH in the ventricle, 
motility in the gastrointestinal tract, gut transit time, first passage metabolism, blood 
flow at site of absorption, and interaction with other drugs and food. The transit time 
in the gastrointestinal tract is affected by sex hormones resulting in a considerably 
longer transit time in women [7, 10, 22].

The most common enzymes involved in drug metabolism are cytochrome P450 
(CYP) isoenzymes, uridindiphosphat glucuronyl transferases (UGT) and N-acetyl 
transferases (NAT). Activity of these enzymes varies with sex, ethnicity and other 
genetic factors. Women have a lower activity in CYP1A2, CYP2E1 and UGT compared 
to men whereas the activity in CYP3A4, CYP2A6 and CYP2B6 is higher. Pregnancy or 
use of oral contraceptives and hormone replacement therapy may also affect their activ-
ity (Table  14.1). P-glycoproteins (Pgp) are membrane-bound proteins transporting 
drugs which may affect absorption and renal clearance of some substances. Many 
CYP3A4 substrates are also Pgp substrates. While CYP3A4 activity in general is higher 
in women Pgp activity is lower and therefore sex differences in drug metabolism can be 
affected into both directions which may explain contradictory findings [6, 7].

Transdermal absorption seems to be similar between men and women [12]. 
There are studies describing lower delivery of inhaled aerosol drugs such as ribavi-
rin and cyclosporine in women compared with men [12]. In a study on inhalation 
technique in asthma or COPD patients using metered dose inhalers (33 men, 26 
women) the majority of participants had an incorrect inhalation technique. This was 
more pronounced in women, regardless of age, and only 4% of women compared to 
43% of men had a correct inhalation technique [23].
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Women have more body fat than men while the latter have more total body water 
[6, 7]. Therefore, the distribution volume of lipophilic drugs is higher in women 
whereas this is lower for hydrophilic drugs [24]. A smaller distribution volume 
implies that the drug is delivered at higher concentration [24]. Alcohol, for example, 
is a hydrophilic substance with a smaller distribution volume in women compared 
to men. This is one of the main reasons why women achieve higher alcohol concen-
trations while drinking the same amount as men [25].

Clearance measures the elimination of a drug in relation to the plasma concentra-
tion. Elimination includes metabolism and excretion. Clearance can also be used to 
compare the kidney capacity to eliminate various substances. Women have in general 
a lower renal clearance compared to men because women’s glomerular filtration rate 
(GFR) is lower. There is also some evidence for women having less transport proteins 
such as P-glycoproteins (Pgp) which could add to lower elimination rates in women. 
Drugs with renal excretion depend on kidney function. Creatinine is used as a mea-
sure of renal function. The substance is formed in muscles through non-enzymatic 
dehydration of muscle creatinine while cystatin C, another marker of renal function, 
is a small protein that is formed in almost all cells in the body. Creatinine is excreted 
through glomerular filtration, tubular secretion, and extrarenal in the colon. Excretion 
of creatinine is lower in persons with small muscle mass, diet low in proteins, at older 
age and in women. To get an estimate of renal function assessment of glomerular 
filtration rate (eGFR) is usually sufficient, for which various formulas such as 
Cockroft-Gault, MDRD or CKD-EPI can be used. Creatinine value, weight, age, sex, 
and sometimes ethnicity need to be known. Female sex induces a correction factor of 
0.75–0.85 as women have lower renal excretion compared to men [24, 26, 27].

Table 14.1  Described activity on different metabolic pathways in women compared to men and 
the effect of hormonal changes with use of combined oral contraceptives, hormonal replacement 
therapy (HRT) or by pregnancy [55, 56]

Women relative to men Oral contraceptives HRT Pregnancy

CYP1A2
CYP2A6
CYP2B6 ?
CYP2C9 =
CYP2C19 a

CYP2D6 =

CYP2E1 ?
CYP3A4
Pgp
NAT2 = ( )b

UGT
Renal elimination

aThere are reported sex differences in various ethnic groups but in these studies the use of oral 
contraceptives is unknown
bSlight decrease during the first trimester
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�Pregnancy, Contraceptive Use and Female Sex-Hormones

During pregnancy the distribution volume changes due to an expansion of total 
body water and an increase in renal plasma flow and glomerular filtration. Its clini-
cal relevance varies as organ blood flow is redistributed, drug-binding proteins 
change as well as circulating sex-hormones. For some drugs such as lamotrigine, an 
anti-epileptic drug, repeated adaptations in dosing are required during pregnancy, 
for others such as carbamazepine no change in dosing is needed [7, 12, 13, 28].

Use of oral contraceptives can affect the pharmacokinetics of many drugs, with 
for instance a higher clearance for benzodiazepines, phenytoin, and cyclosporine 
and a lower clearance for other drugs such as corticosteroids, amitriptyline and caf-
feine. Both estrogens and progestins undergo intestinal absorption and hepatic 
metabolism during enterohepatic recycling [14].

Hormonal changes during the menstrual cycle usually have limited effect on the 
pharmacokinetics of drugs. An exception is for drugs which induce QT prolonga-
tion (Table 14.2). This especially accounts for the ovulatory phase of the menstrual 
cycle. Whether this is due to pharmacokinetic or pharmacodynamic hormone-
induced changes is unclear [15].

Concerning other drugs, such as corticosteroids, women are more sensitive to 
cortisol suppression than men which may lead to an enhanced sensitivity during 
treatment with corticosteroids. There are several other hormonal systems showing 
differences between men and women, for example the renin angiotensin system 
(RAS). Estrogens increase the availability of angiotensinogen and plasma levels of 
angiotensin II, but decrease renin and ACE activities and the expression of angioten-
sin receptor 1, whereas androgens upregulate the RAS system [8]. There are also 
indications that women have a greater cardiac-specific sympathetic activation than 
men [29], whereas they are less responsive to sympathetic vasoconstrictor activity 
[30]. This may be due to an increase in β2-adrenoreceptor sensitivity [31], and a 
higher β2-adrenoreceptor density in lymphocytes [32]. Estrogens and progesterone 

Table 14.2  Examples of drugs that either have a risk of TdP or a prolonged QT interval. This may 
increase the risk for TdP, or TdP under certain conditions such as overdose, drug-drug interactions 
or when administered to patients with congenital long-QT syndrome [54]

Amiodarone Escitalopram Granisetron Olanzapine Sorafenib
Amitriptyline Famotidine Haloperidol Promethazine Sotalol
Apomorphine Felbamate Hydrochlorothiazide Quetiapine Tacrolimus
Ciprofloxacin Fingolimod Ketoconazole Quinidine Tamoxifen
Citalopram Flecainide Levofloxacin Risperidone Tolterodine
Clarithromycin Fluconazole Lithium Ritonavir Trimethoprim-

Sulfa
Clomipramine Fluoxetine Metronidazole Saquinavir Vardenafil
Disopyramide Furosemide Mirabegron Sertraline Venlafaxine
Dronedarone Fosphenytoin Mirtazapine Sevoflurane Voriconazole
Erythromycin Galantamine Norfloxacin Solifenacin Ziprasidone
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inhibit the cardiac expression of β1-adrenoceptors and reduce β-adrenergic-
mediated stimulation exerting a cardio-protective effect. Thus, gender-specific dif-
ferences in the pharmacodynamics of β- blockers might be expected [33, 34]. 
However, meta-analyses of the big clinical trials have not shown sex-differences in 
outcomes [35].

Most pharmacotherapeutic studies include both men and women, although in 
many therapeutic areas relevant sex analyses are not performed and presented. For 
example Weinberg et al. found that of 150 published randomized controlled trials 
(RCTs) on treatment for depression, 15% did not report the number of women 
included in the study and 50% did not analyze outcomes by gender [36]. This is also 
true for many studies of cardiovascular treatment in the areas of ischemic heart 
disease, dyslipidemia, hypertension, heart failure and atrial fibrillation. Sex-
distribution is often skewed as upper age limits exclude more women than men. 
Thus, there is still much to learn about sex-differences in pharmacodynamics. The 
Food and Drug Administration (FDA) and National Institutes of Health (NIH) as 
well as the Canadian Institutes of Health Research (CIHR) have recently released 
recommendations for improvement [37].

�Adverse Drug Reactions in Women

An Adverse Drug Reaction (ADR) is defined as all undesired effects of a drug in 
general, women report more ADRs than men and the causes of this are still debated 
[16, 17]. One explanation is that doses are not weight-adjusted resulting in more 
women than men being treated with too high doses. Another reason might be that 
women seek more health care and use more medications. According to Swedish 
data 70% of all Swedish women, compared to 59% of all men, were dispensed at 
least one prescription during a year [2]. The risk of experience an ADR increases 
with the number of medications used. Also, the risk of interactions and a higher risk 
of an ADR increase with number of medications, which could be another cause for 
more ADRs in women than men.

Most of reported ADRs are probably dose-dependent and can be explained by 
the mode of action of drugs, but differences in anatomy, pathophysiology, symp-
toms, sex-hormones and pharmacogenetics may also play a role.

Some examples of more frequent occurring ADRs in women are the following:

	1.	 Sensitive skin and skin eruptions [38, 39].
	2.	 Adverse ventricular tachycardia’s type Torsade de Pointes (TdP) during admin-

istration of certain drugs and/or electrolyte disorders and other conditions that 
prolong cardiac repolarization, see Table 14.2 [40–42]. Especially some cardio-
vascular drugs might induce this life-threatening ADR [43–47]. The pathophysi-
ological basis of TdP ventricular tachycardia is unclear but may be related to the 
longer QT duration on ECGs in adult women compared to men. Women are also 
more prone to drug interactions [48].
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	3.	 Persistent cough, as a side effect of angiotensin-converting enzyme (ACE) inhib-
itors, which occurs more often in women than in men [49]. In some studies the 
effect of the polymorphism in the angiotensin I converting enzyme gene has 
been found to be sex-specific, having a protective effect in men while increasing 
the risk in women. Another side effect of ACE- inhibitors is angioedema. 
Although a genome-wide association analysis did not find any genetic variant 
with a large effect sizes, a previous study reported a sex-dependent association 
of a polymorphism in the X-prolyl aminopeptidase P 2. When treating a patient 
with ACE-induced cough it is recommended to switch to angiotensin-II antago-
nists whereafter this side-effect mostly disappears. In some cases the cough is 
misinterpreted as a deterioration of heart failure for which the patient is given an 
higher dose of ACE-inhibitor leading to even more cough.

	4.	 Statin induced myopathy has been considered to be more common in women 
than men [50]. A meta-analysis of nine studies concluded that a polymorphism 
in the solute carrier organic anion transporter family member 1B1 (SLCO1B1) 
gene is associated with an increased risk for statin-related myopathy, especially 
in individuals receiving simvastatin [51], but in this study and other genetic stud-
ies a female preponderance has not been confirmed [52]. Another argument for 
the increased susceptibility for side effects of statins in women is their interac-
tion with CYP3A4 inhibitors [53].

	5.	 Drug induced liver injury has been shown to be more common in women [18, 19].

�Gender Difference in Adherence to Medication

Patient compliance depends on many factors: perceived seriousness of the treated 
condition, financial costs, adverse events or perceived risk of adverse events, age of 
the patient, length of treatment, goal of treatment (prevention, curative, symptom-
atic), and socioeconomic factors such as age and sex. Studies show varying results 
of compliance to pharmacological treatment depending on geographic/cultural set-
ting and the type of treatment that was studied. It is debated whether there is a sys-
tematic difference in compliance in women compared to men: some studies show 
higher adherence in men, while other show better adherence in women [21]. In a 
review of 51 studies covering 19 different disease categories, 771 individual factor 
items were identified related to non-adherence to chronic therapies of which most 
were determinants of implementation, and only 47 were related to persistence with 
medication [54]. Factors with an unambiguous effect on adherence were further 
grouped into 8 clusters of socio-economic-related factors, 6 of health care team and 
system related factors, 6 of condition related factors, 6 of therapy related factors, 
and 14 of patient related factors. The lack of standardized definitions and poor mea-
surement methods however have resulted in many inconsistencies [54]. Despite, 
some studies show that patient-related factors such as older age, female gender, 
higher income, and higher education have positive, if rather small, effect on adher-
ence to therapy [55]. Medication non-adherence is therefore affected by multiple 
determinants. The prediction of non-adherence in the individual patients is difficult 
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however and suitable measurement and multifaceted interventions may be the most 
effective answer towards unsatisfactory adherence. The limited number of publica-
tions assessing determinants of persistence with medication, and lack of those pro-
viding determinants of adherence to short-term treatment, are areas where future 
research is needed. In general, a well-informed motivated patient who has been 
involved in the decision of treatment which is also affordable are key-factors that 
increase drug compliance.

�Drug Treatment During Pregnancy

The need of medication during pregnancy is rather common. Pregnant women suf-
fer chronic diseases as well as acute disease and pregnancy complications may 
require treatment. There are several concerns with drug treatment during pregnancy, 
related to the unborn child such as the risk of a teratogenic effect of the drug, expo-
sure of the fetus to the drug and withdrawal syndromes in the fetus after delivery. 
There are also concerns about treatment of pregnant women in relation to their 
increased plasma volume, higher renal clearance and liver enzyme activity. While 
there is a wish of keeping the fetus’ exposure of the drug as low as possible the 
pharmacokinetic changes due to pregnancy might also require increased doses to 
maintain the desired effect in the pregnant woman. To avoid over- or under-
treatment, it is important to reconsider appropriate dosing during pregnancy as this 
may change throughout pregnancy and post-partum [13, 14, 28].

Some drugs, such as vitamin K-antagonists, valproic acid, and isoretinoine 
should be avoided in pregnant women as well as in women who may become preg-
nant, as the risk of teratogenic complications is high. Other drugs such as ACE 
inhibitors and angiotensin-II antagonists are more harmful during the second and 
third trimester due to their pharmacologic effect on the fetus. To which level the 
fetus is exposed to a drug depends on the dose and subsequent maternal concentra-
tion, if the drug passes over the placenta or not, and if so to what extent. Also, the 
ability of the fetus to metabolize the drug affects the drug exposure [28, 56]. In 
efforts to limit drug exposure of the fetus, it is important to remember that untreated 
conditions in the mother may be even more harmful to both mother and child. As 
low adherence to prescribed medication is a problem and has been reported in large 
populations of pregnant women it is important to discuss the need of treatment dur-
ing and after pregnancy [57]. The website www.safefetus.com provides actual 
information on drug safety during pregnancy.

�Gender Differences in Drug Interactions

Drug-drug interaction is common and the more drugs a person uses, the higher 
the risk of interactions. These are usually divided into pharmacokinetic and phar-
macodynamic interactions. Pharmacokinetic interactions are due to absorption, 
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distribution, metabolism or excretion of the drug which are being affected by the 
interacting drug. An example of pharmacokinetic interaction is induction of 
CYP3A4 by St John’s Wort (Hypericum perforatum), promoting an increased 
metabolism and thus lowering effect of oral contraceptives and antiepileptic drugs 
like carbamazepine or oxcarbazepine. The pharmacodynamic interactions depend 
on modes of action of the interacting drugs. An example of this is the QT prolonga-
tion and increased risk of TdP following co-administration of ciprofloxacin, citalo-
pram or hydeoxizine with amiodarone. As adult women have longer QT intervals, 
particularly during the ovulation phase of the menstrual cycle but also with increas-
ing age, this risk is especially important for women [15, 42].

To prevent drug interactions it is recommended to:

•	 Assess weight and creatinine values (and estimate creatinine clearance) when 
prescribing or using drugs with renal excretion.

•	 Perform pharmacogenetic analysis in selected cases.
•	 Measure blood or serum concentrations of the drug, when using drugs with a 

narrow therapeutic window or with high propensity to interact with other drugs.
•	 Measure blood or serum concentrations of drugs in specific conditions, such as 

during pregnancy, cardiac failure or hypoalbuminemia.

�Clinical Cases

Case I: Digitalis in an Elderly Woman
Patient history: the patient was an 80 year old woman with atrial fibrillation 
(AF) and systolic heart failure. She attended the GP station because of extreme 
nausea, difficulties in reading, and diarrhea.

Physical examination and laboratory: Weight 50  kg, height 168  cm, 
s-creatinine 80 mmol/L, K+ 3.2, Na 122 mmol/L.

Medication: digoxin 0.25 mg × 1, furosemide retard 60 mg × 1, candesar-
tan 8 mg × 1, bisoprolol 5 mg × 1 and medication for RA, diabetes mellitus 
and hypothyroidism.

ECG: atrial fibrillation, 100 beats per min, BP 150/95 mmHg.
Diagnosis: the serum digoxin levels were measured and showed a concen-

tration of 1.4  ng/L (intoxication considered at concentrations >2  ng/mL 
(>2.6 nmol/L). A diagnosis of digitalis intoxication was made in spite of hav-
ing concentration within the recommended interval. Digoxin medication was 
stopped and her bisoprolol dosage was increased to 5 mg twice daily for heart 
rate control.

Discussion: Digitalis has a very steep dose-concentration relationship and 
a small change in kidney function, such as in elderly patients with heart fail-
ure. This can increase the serum concentration and provoke rapid intoxica-
tion. Recent reviews have recommended concentrations <1.0  ng/mL 
(<1.3 nmol/L) to avoid intoxication in the elderly. Also, in many countries like 
Sweden the recom-mended dose interval has recently been changed into a 
smaller range (in Sweden 0.9–1.2 nmol/L).
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Case II: Enalapril in a Female Patient with Systolic Heart Failure
Patient history: The patient was a 55 year old woman with a newly diagnosed 
systolic heart failure due to a dilated cardiomyopathy. She was recently dis-
charged from the hospital and attended the GP station because of severe 
cough, particularly during the night. This was so severe that her sleep was 
impaired. She had no fever and no other signs of upper airways infection, BP 
105/85 mmHg. Resting ECG: atrial fibrillation with rate 90/min, (unchanged).

Medication: warfarin, enalapril 10 mg 1 × 1, spironolactone 25 mg 1 × 1, 
metoprolol 25 mg 1 × 1, furosemide retard 20 mg 1 × 1.

Diagnosis: The GP increased the enalapril dose to 20  mg daily and 
increased the furosemide to 40 mg daily.

After 4 weeks the patient returned with more cough and complete exhaus-
tion because of insomnia.

Enalapril was changed into the angiotensin-II antagonist candesartan and 
after a couple of weeks the patient’s cough disappeared.

Discussion: persistent cough is a rather common adverse reaction to ACE 
inhibitors, which occurs more often in women than in men.

Case III: Woman with Slightly Impaired Renal Function Which Can Be 
Deleterious
Patient history: A 60-year-old woman was presenting at the emergency depart-
ment (ER) one morning with somnolence, stiff neck, and weak extremities. 
Glasgow coma scale (GCS) was 12. The week before arrival at the ER she had 
had gastroenteritis with diarrhea and subsequent dehydration. The previous 
night she had developed nausea, vomiting, and a severe headache. In the 
morning she was unable to speak or stand up. Her past medical history 
included hypertension and recurrent herpes meningitis with radiculitis and 
neuropathy for more than 10 years.

Medication: valacyclovir 6  g daily, amitriptyline 50  mg  ×  1, enalapril 
10 mg 1 × 1, venlafaxine 1 × 2, gabapentin 600 mg × 3, metoprolol 100 mg 
1 × 1, baclofen 30 mg daily, methenamine 1 g 1 × 3, furosemide 80 mg 1 × 1 
and montelukast and salmeterol/fluticasone inhalations.

Diagnosis: Several differential diagnoses were considered primarily sub-
arachnoidal haemorrhage, or acute meningitis/encephalitis. A CT scan was 
performed immediately and turned out to be normal. Intravenous treatment 
with ampicillin, betamethasone, cefotaxime, and 700 mg of acyclovir was 
started on the suspicion of bacterial meningitis or encephalitis. A spinal tap 
showed four erythrocytes and one mononuclear cell. Her leucocyte count 
was 6.9 × 109 (4.0–6.0 × 109), CRP 14 mg/L (<10 mg/L), plasma creatinine 
count was 185 μmol/L (reference value 45–84 μmol/L). Four months earlier 
the creatinine had been 85  μmol/L.  She also had a bladder paresis with 
retention of >1000 mL of urine. Other blood tests were normal. EEG showed 
slow waves and signs of metabolic disturbances. Thus, subarachnoidal 
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�Medical Treatment Advice in Women  
(www.janusinfo.se/In-English)

When prescribing a drug it is advisable to check if there are known sex-differences 
and if dosing or adverse effects should be adjusted in women. Fertile women need-
ing chronic treatment of drugs that are potentially teratogenic are recommended to 
avoid or, if this is not feasible, to be informed on the potential risks. The website 
www.janusinfo.se/In-English [58] has information on sex- and gender differences 
for more than 200 drugs registered on the website, which is continuously expanding 
and up-dated. There is also information on pregnancy and lactation which can also 
be found in the PDR or basic pharmacological handbooks. For drugs that are 
excreted by the kidneys, always calculate an eGFR. As women have fewer muscle 
mass than men creatinine values may be deceiving. Therapeutic drug monitoring, 
measuring plasma concentrations, is also an option for some drugs. There are 
several websites that have information on drugs that induce QT prolongation, such 
as the web site https://crediblemeds.org/ [59].

haemorrhage and bacterial meningitis could be ruled out although Herpes 
encephalitis or a Tick Borne Encephalitis could not be excluded. The 
Infectious Diseases consultant suggested that only the IV-acyclovir treat-
ment should be continued. As she had been treated with valacyclovir for a 
long time and her renal function was impaired, analyses of acyclovir and its 
metabolite CMMG were performed in blood, CSF, and urine. All these were 
markedly elevated and consequently she was diagnosis with aciclovir-
induced neuropsychiatric symptoms (AINS). This is a dreaded condition 
due to intoxication with the metabolite CMMG and if moderate, as in this 
case, forced diuresis with fluids and furosemide is usually sufficient. In 
severe cases with hypoxia, coma and need for mechanical ventilation acute 
hemodialysis is usually warranted. In this case the forced diuresis was suf-
ficient. Later in the afternoon, on the same day she arrived somnolent in an 
ambulance to hospital, she was sitting in a hospital bed, chatting with her 
family and solving a cross word puzzle. In patients where the intoxication is 
not detected, the outcome can be fatal.

Discussion: This case shows the importance of renal function surveillance 
for drugs that are excreted by the kidneys and that have toxic potentials if 
overdosed. Particularly in (elderly) women, renal function needs to be consid-
ered with fast changes due to dehydration by a rather benign gastroenteritis 
for example. Acyclovir is metabolised by alcohol dehydrogenase which is 
metabolised to the main metabolite CMMG.  Women have lower alcohol 
dehydrogenase activity in the gastrointestinal system making them more vul-
nerable to intoxication. Normally, Acyclovir is considered a safe drug with 
few adverse effects but if kidney function deteriorates, the risk of accumula-
tion of the metabolite is high if the dose is not corrected.
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�Conclusions

•	 Pharmacokinetic sex-differences are usually of limited clinical relevance, particularly 
if corrected for weight and renal function. However, dosing is often not weight 
adjusted and it needs to be remembered that renal function changes over time.

•	 Always make an estimation of glomerular filtration rate when using drugs that 
are excreted by the kidneys, particularly in elderly women.

•	 Use of drugs during pregnancy sometimes needs dose adjustment as pharmaco-
kinetics change during the pregnancy.

•	 QT prolongation is more common in women and the risk of cumulative adverse 
effects of different drugs with QT-prolongation properties and potassium distur-
bance needs to be considered.
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Chapter 15
The Critically Ill Female Patient

Susanna Price and Shahana Uddin

Abstract  Differential outcomes are present among female and male patients with 
critical illness, related to co-morbidity, immune response, pharmacology and the 
underlying physiological response to intensive care and its complications. Women are 
more susceptible to the effects of neuromuscular blockade, opioid receptor agonists, 
and beta adrenergic agents and they are more likely to develop Torsade de pointes and 
liver dysfunction in response to pharmacological agents. Elderly female patients with 
basal septal hypertrophy may respond to dobutamine by developing worsening of 
diastolic dysfunction and increasing left-ventricular outflow tract obstruction. There 
are important differences in post-traumatic stress disorder (PTSD) between genders, 
with women at risk for markedly worse psychological outcomes after critical illness.

Keywords  Beta-blockers • Critical illness • Diastolic dysfunction • Dobutamine • 
Estrogen • Extracorporeal cardiac support • Immune response • Immunomodulation 
• Inflammation • Intensive care • Pharmacokinetics • Post-traumatic stress disorder 
(PTSD) • Pregnancy • Sex-hormones • Sepsis • Torsade de pointes (TdP) • Trauma

�Introduction

Management of critically ill patients with cardiovascular disease (CVD) has moved 
from the domain of single organ cardiac dysfunction, to an increasingly elderly 
patient population with numerous co-morbidities and ever more severe derange-
ment of cardiovascular physiology. In this rapidly developing specialty, there is an 
increasing emphasis on understanding the pathophysiological processes that drive 
critical illness in order to deliver personalised evidence-based medicine thereby 
improving patient outcomes. It is in this context that there has recently been 
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increased interest in the influence of sex and gender on disease development and 
survival in critical illness. Although gender differences in the assessment and man-
agement of acute coronary syndromes are relatively well-appreciated, the impor-
tance of such differences in patients with other life-threatening cardiovascular 
conditions are not so well understood. This accounts in particular for critical care, 
where the prognosis depends not only on the primary cardiovascular diagnosis, but 
to a large extent on the severity of other organ involvement and the patient response 
to critical illness. This chapter will outline some of emerging evidence regarding the 
potential challenges of managing the critically ill female patient with CVD, as well 
as some of the relevant practical considerations for the management of such patients.

�Gender Differences in Critical Illness Outcomes

Observational studies have demonstrated gender differences in outcomes of critical 
illness. The heterogeneous nature of the studies makes interpretation challenging, how-
ever, it appears that women have a higher mortality than men, in particular in the con-
text of some CVD, and that female gender may be protective for other conditions. The 
presence of disparities in presentation, diagnosis, comorbidities, critical care admis-
sion, intervention and decision-making probably all contribute to the heterogeneity of 
findings (Table 15.1). Numerous biologically plausible hypotheses have been gener-
ated relating to differential outcomes comparing male and female patients, in particular 
relating to the immune response to critical illness, however, other factors must be con-
sidered including pharmacology (including genetic differences in response to drugs) 
and the underlying physiological response to intensive care and its complications.

�Physical and Pharmacological Differences

Physical differences between male and female patients largely do not affect their 
management in the cardiac intensive care unit except relating to physical size. Other 
than basic critical care considerations regarding airway and ventilatory manage-
ment (endotracheal tube/tracheostomy size, ideal body weight tidal volumes) and 
drug dosage, there is little that is not encompassed in general critical care manage-
ment, however some areas warrant specific consideration. First, women who meet 
nutritional goals have a lower hazard ratio of dying on the intensive care compared 
with men, but this benefit is lost if they meet their energy target but fail to reach their 
protein target (possibly due to the smaller total protein stores in women). Second, 
the anatomical and physiological differences between genders (including body 
weight, composition, GI motility, liver metabolism and glomerular filtration rate) 
significantly alter pharmacokinetics and dynamics of drugs, including absorption, 
distribution, metabolism and elimination. Women are more susceptible to the effects 
of neuromuscular blockade, opioid receptor agonists, and beta adrenergic agents, as 
well as having a variable but attenuated response to pressor agents under conditions 
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of stress. The potential response to beta adrenergic agents on cardiovascular func-
tion should also be carefully considered prior to institution of therapy. In particular, 
elderly female patients with basal septal hypertrophy may respond to dobutamine 
by developing worsening abnormalities of diastolic dysfunction and significantly 
increasing left-ventricular outflow tract obstruction. The condition should be sus-
pected in case of deteriorating cardiac output in the presence of escalating inotropic 
support, and is readily confirmed using echocardiography. Treatment comprises 
cessation of beta adrenergic agents, volume and pressor resuscitation, and timely 
re-introduction of beta blocking agents (where right ventricular function allows).

Differences also include susceptibility to adverse drug effects, with women more 
likely to develop, for example, Torsade de pointes and liver dysfunction in response 
to pharmacological agents. Gender differences additionally exist in relevant 
responses to recreational drugs. Here, the interplay between alcohol consumption 
and gender, and effects on coagulation may be particularly important in patients 
receiving extracorporeal cardiac support. In terms of prescription drugs, it is esti-
mated that around 21% women in USA receive hormonal treatment, however it is 
unknown how this affects critical care outcomes and response to therapies.

Clinical decision-making in critical care is clearly affected in pregnancy, and on 
occasion, urgent/emergency decisions will be required in the face of life-threatening 
illness. In addition to the usual considerations relating to pharmacology and physi-
ology, clinicians must work within a (sometimes emergently convened) multidisci-
plinary team in order to optimise decision-making for both patients (clinical case).

�Gender Differences in the Response to Critical Illness

There is increasing recognition that there are gender-specific differences in response 
to acute illness, particularly in trauma, sepsis and following resuscitation from car-
diac arrest. Sex-hormones have been shown to influence inflammatory cell lines, 
endothelial cells and the inflammatory cascade, to the extent that hormone therapy 
has been considered a potential therapeutic strategy in response to critical illness in 
some scenarios, including short-term androgen receptor antagonists in male trauma 
patients. Experimental pre-clinical studies using animal models suggest that oestra-
diol and the pro-oestrus states are pro-inflammatory and associated with improved 
survival after trauma and in sepsis, whereas testosterone and the pro-androgenic 
states are anti-inflammatory and associated with immune suppression and reduced 
survival. Whether these differences confer benefit to the individual patient remain 
unclear. Indeed, observational clinical studies in in sepsis, burns and trauma have 
demonstrated less clear differential outcomes.

The response to trauma is probably the most primitive of human survival mecha-
nisms in the face of acute injury. The immediate metabolic responses to trauma 
(including thoracic/aortic trauma) are affected by age and severity of injury, and also 
gender. Although the relative responses within the affected multi-organ systems are 
complex and diverse, the majority of studies have shown female gender to be protec-
tive. Sex-hormone levels post-trauma have shown correlation between oestrogen/
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progesterone and tumour necrosis factor-a (TNFa) immediately after injury. High 
oestradiol levels are associated with increased mortality, and serum oestradiol is a 
marker of injury severity and predictor of death in critically injured patients, regard-
less of gender. However, whether oestradiol plays a causal role in outcomes remains 
unclear. Prospective studies have confirmed additional gender differences in 
response to trauma, with female patients responding to increasing severity of injury 
with increased serum insulin-like growth factor-1 (ILGF-1) and little change in 
transthyretin concentrations early after injury, but in in men, both ILGF-1 and trans-
thyretin concentrations decrease with increasing injury severity. Whether these dif-
fering patterns of response to injury could provide potential therapeutic targets in 
the future demands further investigation.

The commonest cause of mortality in intensive care is sepsis. Current understand-
ing of sepsis and associated inflammatory syndromes suggests that morbidity/mor-
tality may result from an excessively vigorous or imbalanced immune response 
between pro- and anti-inflammatory pathways. Numerous animal (murine) models 
have demonstrated gender differences in response to microbial or endotoxin chal-
lenges. Whether the gender difference in response to sepsis in these models is associ-
ated with distinct sexually dimorphic immune responses remains uncertain. 
Consistent with the central role of the immune response in determining survival 
from sepsis, gender-specific immune responses appear to confer gender-specific 
benefits (or not) from attempts at immunomodulation. More recent studies have 
made significant progress in addressing the potential contribution of gender differ-
ences to differences in the inflammatory response. Toll-like receptors (TLRs) are 
members of the pattern recognition receptors (PRR), detecting nucleic acids (Pattern-
associated Molecular Patterns—PAMPs) from invading pathogens and triggering 
cytokine release during inflammation and infection, and also potentially during asso-
ciated tissue damage. Interleukin-1 receptor associated kinase-1 (IRAK-1) a con-
stituent member of the TLR signalling cascade, resides on the X-chromosome and 
plays a central role in the TLR-2 and 4-induced activation of nuclear factor NFkB, a 
critical event in the transcriptional regulation of many pro-inflammatory mediators. 
The IRAK-1 protein has multiple haplotypes, with a less common variation being 
found to be associated with worse outcomes in septic patients, and IRAK1 polymor-
phism therefore a potential mechanism responsible for gender-based outcome differ-
ences in response to injury. The IRAK-1 variant has been shown to be associated 
with poor clinical outcome, with a sixfold greater risk of multi-organ failure, and 
fivefold increase in mortality. Here outcomes were overall worse in males, but were 
‘dose-dependent’ in women. Given these findings it is unsurprising that a gender-
specific/biased response to an immune-based phenomenon (such as sepsis/inflam-
matory response) might exist, and that the complex cellular and humoral immunity 
responses to critical care may also differ between the two sexes. These fundamental 
differences in immune response make it even more challenging to determine the 
relevant contributions of endogenous patient factors, treatment differences, the 
patient response to interventions or acute changes in sex hormone levels in outcomes 
from critical illness. This is further compounded by most clinical studies being lim-
ited by their retrospective design, lack of any information on hormonal status, and 
the usual difficulty in controlling the other variables in clinical critical care studies.
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�Intensive Care of the Critically Ill Cardiac Patient: Ethical 
Considerations

Critical care medicine relates to the assessment and management of patients with 
acute life-threatening conditions, either on a specialised intensive care unit, or at 
any point throughout the patient pathway. The demand for critical care services 
(and beds) is increasing, and in parallel is the demand for cardiovascular critical 
care. However, the supply is not unlimited. Where a patient requires admission to 
a specialist unit (ICU or CICU) this should usually be determined by the needs of 
the patient. Despite this, under certain circumstances patients may find them-
selves denied critical care admission and there is some evidence that the female 
patient population differ significantly in terms of critical care utilisation, although 
these findings vary between countries. Systematic denial of critical care admis-
sion (horizontal inequity) and application of intensive care interventions (vertical 
inequity) are recognised challenges in the provision of equitable and high quality 
critical care. In terms of acute cardiovascular disease, considering acute myocar-
dial infarction, arrhythmia and ventricular failure, equity of admission to inten-
sive care together with ongoing treatment have been specifically studied. Indeed, 
both horizontal and vertical inequity exist in patients requiring intensive care 
with acute myocardial infarction, but what is less well understood is why. By 
contrast, there seems to be gender bias against male patients admitted to intensive 
care with left ventricular failure, but again, the causes remain unknown. There is, 
however, evidence that elderly patients (in particular female elderly patients) may 
be denied intensive care admission on grounds of perceived futility. A challenge 
to this perception has been raised in more recent studies that demonstrate that 
although outcomes are less good in elderly patients, they benefit the most from 
intensive care, and should not be systematically denied admission to intensive 
care on the basis of age alone. Finally, where patients survive critical care admis-
sion, there are important differences in post-traumatic stress disorder (PTSD) 
between genders, with women at risk for markedly worse psychological out-
comes after critical illness, independent of illness severity, with female gender as 
an independent predictor of worse quality of life, psychological morbidity and 
rates of PTSD.

�Summary

The changing face of cardiac intensive care provides a major challenge to deliverers 
of healthcare across the World. Rapidly developing technological advances of inten-
sive care, improving understanding of the pathophysiological processes that accom-
pany critical illness (and its treatment), appreciation of the importance of iatrogenic 
injury, together with the requirement for multidisciplinary team working all com-
bine to provide the clinician with a set of unique diagnostic and management 

S. Price and S. Uddin



243

challenges. Certainly there are some practical aspects of managing critically ill 
female cardiovascular patients that warrant consideration, however, the differing 
pathophysiological responses of female patients in critical illness are only just 
beginning to be explored. Here the gender-specific differences in cellular, molecular 
and hormonal response to critical illness may prove to be an important future ave-
nue to explore in attempts to improve outcome in these most acutely unwell patients.

Clinical Case
A 23 year-old woman (36 weeks pregnant, gravida 1, para 0) presented to her 
local hospital complaining of epigastric pain and breathlessness. She took no 
regular medication and had an uneventful pregnancy. On examination she was 
breathless at rest, pulse 80 beats per minute, of reduced stroke volume and 
with multiple premature beats. Her jugular venous pressure was not elevated. 
Heart sounds were normal, with an added third heart sound. Blood pressure 
was 90/60 mmHg. Her chest was clear and she had minimal pitting oedema. 
Lab investigations: white cell count 16.5, platelets 236, urea and electrolytes, 
liver function tests, clotting studies and lactate were all normal. ECG showed 
sinus rhythm with occasional ventricular extrasystoles. CTG: foetal heart rate 
160 bpm with good foetal movements. An echocardiogram was performed, 
and showed a dilated left ventricle (6.5 mm diastole) and reduced LV ejection 
fraction 12%, with mild mitral regurgitation.

Her blood pressure was falling progressively (65/48 mmHg) with rising 
lactate, and therefore dobutamine was commenced (10 μg/kg/min), with sub-
sequent addition of adrenaline (0.02 μg/kg/min). Despite this, she continued 
to deteriorate (INTERMACS 1) and an emergency multidisciplinary team 
(cardiac surgeon, cardiologist, obstetrician, cardiac intensivist, cardiac anaes-
thetist specialised in high risk obstetric delivery, neonatologist) was convened 
in order to plan her ongoing management.

Priorities were to save the life of the mother and deliver a live infant and 
therefore a plan was made for urgent Caesarean section combined with insti-
tution of cardiac (veno-arterial) extracorporeal membrane oxygenation 
(VA-ECMO). Steroids were administered to the mother whilst the team 
(n = 24) convened, comprising in addition, three sets of nursing staff (anaes-
thetic, neonatal, obstetric) perfusionists, and surgical strategy was planned: 
general anaesthesia (+transoesophageal echocardiography), four quadrant 
draping (chest/abdomen/pelvis/groin), surgical exposure and securing of right 
common femoral vein and artery, Pfannenstiel incision and delivery of infant, 
haemostasis and closure of abdominal wound, full heparinisation, cannulation 
for ECMO and institution of VA-ECMO support.

The patient was commenced on bromocriptine, and after 6  days was 
weaned from ECMO (after treatment with ACE-inhibitors and Levosimendan). 
She was discharged 2 weeks after intensive care admission.
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