
Percutaneous 
Treatment of 
Cardiovascular 
Diseases in Women

Patrizia Presbitero
Julinda Mehilli
Anna Sonia Petronio
Editors

123



  Percutaneous Treatment of Cardiovascular 
Diseases in Women 



 



       Patrizia   Presbitero     •      Julinda   Mehilli    
   Anna   Sonia   Petronio     
 Editors 

  Percutaneous Treatment 
of Cardiovascular Diseases 
in Women                   



 Editors 
   Patrizia   Presbitero    
  Interventional Cardiology 
 Humanitas Research Hospital 
  Rozzano (Milan) 
 Italy   

   Julinda   Mehilli    
  Interventional Cardiology 
 Klinik der Universität München 
  München 
 Bayern 
 Germany 

     Anna   Sonia   Petronio    
  Hemodynamic Laboratory 
 Azienda Ospedaliero Universitaria Pisana 
  Pisa 
 Italy   

      ISBN 978-3-319-39609-5      ISBN 978-3-319-39611-8 (eBook) 
 DOI 10.1007/978-3-319-39611-8 

 Library of Congress Control Number: 2016951939 

 © Springer International Publishing Switzerland   2017 
 This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of 
the material is concerned, specifi cally the rights of translation, reprinting, reuse of illustrations, recita-
tion, broadcasting, reproduction on microfi lms or in any other physical way, and transmission or infor-
mation storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar 
methodology now known or hereafter developed. 
 The use of general descriptive names, registered names, trademarks, service marks, etc. in this publica-
tion does not imply, even in the absence of a specifi c statement, that such names are exempt from the 
relevant protective laws and regulations and therefore free for general use. 
 The publisher, the authors and the editors are safe to assume that the advice and information in this book 
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the 
editors give a warranty, express or implied, with respect to the material contained herein or for any errors 
or omissions that may have been made. 

 Printed on acid-free paper 

   This Springer imprint is published by Springer Nature  
 The registered company is Springer International Publishing AG Switzerland 



v

  Pref ace   

 For over a decade, the scientifi c community has been attempting to shed light on 
whether the disparities in clinical presentation and response to treatment for many 
cardiovascular diseases in men and women are due to variations in biological 
 patterns or to social and cultural conventions leading to different attitudes toward 
diagnosis and treatment of cardiac diseases. 

 Since the fi rst percutaneous interventions in the cardiovascular system, it was 
observed that women experience more procedural complications such as arterial 
dissections, bleeding, spasm etc. This raises the question of whether this is due 
to late presentation and mismanagement or to a different arterial disease 
pathophysiology. 

 It is now well known that compared to their male counterparts, women diag-
nosed with cardiovascular diseases are older, present more frequently with comor-
bidities (diabetes, hypertension, renal insuffi ciency, infl ammatory diseases), have 
more physical and cardiac dysfunction as well as a lower overall quality of life. 

 In most cardiovascular diseases there are anatomical end/or physiopathological 
differences that need to be considered to ensure that treatment is successful. 

 This book provides valuable insights into gender-related differences and simi-
larities and, as a consequence, can help practitioners to improve their approaches 
and outcomes.  

    Rozzano ,  Italy      Patrizia     Presbitero    
   München ,  Germany      Julinda     Mehilli    
   Pisa ,  Italy      Anna     Sonia     Petronio       
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  1      Women and Invasive Diagnostic 
Procedures                     

     Yolande     Appelman      and     Monique     ten     Haaf   

1.1          Introduction 

 Cardiovascular disease (CVD) is the leading cause of death among women in 
Europe causing almost 2.1 million deaths each year. According to the European 
Heart Network, CVD accounts for 42 % of mortality in women under 75 years of 
age [ 1 ]. One of the main forms of CVD is coronary artery disease (CAD). 

 There are signifi cant differences between men and women in the epidemiology, 
diagnosis, treatment, and prognosis of CAD that should be taken into account in the 
care of women with known or suspected disease. Unfortunately, data from clinical 
trials are limited, since women are generally underrepresented in randomized con-
trolled studies [ 2 ]. This underrepresentation is partially related to the age when 
women develop symptomatic CAD – many studies have an age limit for patients’ 
inclusion – and to a higher coexistence of comorbidities in women with CAD. 

 The prevalence of CAD is lower in women than in men at any given age. Women 
appear to develop symptomatic CAD about 10 years later than men, presumably 
because of higher estrogen levels in premenopausal period that slow the progression 
of atherosclerosis. 

 Angina is the most common symptom in patients with CAD. The complaints are 
mostly presented as a typical chest pain or pressure that results from the imbalance 
between a rise in oxygen demand of the myocardium, while the blood fl ow increase 
is insuffi cient. Women seem to present with more atypical features of CAD, which 
makes the evaluation more challenging. 

 Coronary angiography is the gold standard for the evaluation of CAD in both 
women and men and provides information on the location and extent of atheroscle-
rotic lesions. However, coronary angiography alone may not be suffi cient to make 
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the right diagnosis in women as they more often have angina related to nonobstruc-
tive CAD. Additional invasive and noninvasive diagnostic tools can provide infor-
mation about other causes of angina, like microvascular disease (MVD) and spasm. 
According to this, Shaw et al. introduced the term ischemic heart disease (IHD) as 
being more appropriate for women instead of CAD [ 3 ]. In this chapter, we will 
review the indications for coronary angiography, anatomical features, and technical 
issues during angiography in women, therapeutic options, and complications after 
invasive assessment in women.  

1.2     Clinical Presentation 

 Many clinical presentations lead to the suspicion of CAD. Angina pectoris is the 
most common initial presentation of CAD in women (47 vs. 32 %), whereas myo-
cardial infarction is the most common initial manifestation in men (6 vs. 10 %) [ 4 ]. 

 The distinction between a stable and unstable presentation can be made upon the 
clinical assessment of the nature of symptoms, the clinical risk profi le, the presence 
of abnormalities on the surface electrocardiogram suggestive of CAD, and cardiac 
biomarker measurements. This chapter is separated into a stable pattern presenta-
tion, symptomatic or asymptomatic, and an acute unstable presentation highly sug-
gestive of CAD, i.e., acute coronary syndromes (ACS). 

1.2.1     Stable Coronary Artery Disease 

 Classical stable angina pectoris is the most common form of angina and is usually 
caused by a stenosis of a large epicardial artery. Other mechanisms are also likely to 
contribute to the genesis of anginal symptoms, though more often less typical, 
including microvascular dysfunction (microvascular angina), angina caused by 
vasospasm (vasospastic angina), and symptomatic ischemic cardiomyopathy [ 5 ]. 
The prevalence of these different forms of angina differs between women and men. 

 Women have a 20 % higher prevalence of angina than men [ 6 ]. Many studies 
classify chest pain into three groups of typical angina, atypical angina, and nonspe-
cifi c or noncardiac angina. Typical angina pectoris is characterized by a substernal 
chest pain, sometimes accompanied by other symptoms like shortness of breath, 
nausea, or fatigue that occurs after exertion and diminishes in rest or upon nitroglyc-
erine use. Atypical angina is characterized by two of these features and aspecifi c 
angina by at most one of these features. The probability of epicardial artery obstruc-
tions increases in aging women, and symptoms become more typical with advanc-
ing age [ 7 ]. Women more often present with atypical symptoms and have more 
concomitant other symptoms, like shortness of breath, nausea, vomiting, and back 
pain, and also report a higher number of symptoms compared to men. 

 Microvascular and vasospastic angina are also more often reported in women. 
There is a lack of reliable prevalence numbers, due to referral and selection bias in 
current studies. Previous studies showed a prevalence of 20–50 % of myocardial 
ischemia and/or microvascular dysfunction (MVD) in women with chest pain and 
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normal coronary arteries. Moreover, patients might share a combination of different 
forms of angina, so these numbers can be underestimated. Finally, women appear to 
have more silent ischemia than men.  

1.2.2     Acute Coronary Syndrome 

 Acute coronary syndrome (ACS) refers to a spectrum of clinical conditions ranging 
from unstable angina or non-ST-segment elevation myocardial infarction (NSTEMI) 
to ST-segment elevation myocardial infarction (STEMI). The conditions are associ-
ated with acute myocardial ischemia and/or infarction, which are usually due to an 
abrupt reduction in coronary blood fl ow. 

 In the setting of ACS, women have different clinical profi les and presentation as 
compared to men, with fewer women than men presenting with STEMI (68 vs. 
77 %) but more presenting with unstable angina (21 vs. 12 %) [ 8 ]. Although women 
experience atypical angina more frequently than men, chest pain is the most pre-
dominant symptom of ACS in women, regardless of ACS type [ 9 ,  10 ]. Sex differ-
ences in ECG fi ndings and cardiac biomarker measurements should be taken into 
account in the interpretation of ACS type.  

1.2.3     ECG Findings 

 Unstable angina is characterized by new-onset angina or a recent destabilization of 
previously stable angina. There is no release of cardiac biomarkers (i.e., troponin I 
or T); however, ST-segment depression and T-wave changes can be present. In 
premenopausal women, the infl uence of changing endogenous estrogen levels dur-
ing the menstrual cycle on ECG results must be taken into account. Lower mid-
cycle estradiol levels are associated with more ischemia-related ECG fi ndings and 
can infl uence the accuracy of chest pain and the inducibility of ST-segment abnor-
malities [ 7 ]. 

 The characteristic ECG fi ndings of STEMI slightly differ according to sex and 
age. Typically, ST-segment elevation in acute myocardial infarction (AMI), mea-
sured at the J point, is present in two contiguous leads and is ≥0.25 mV in men 
<40 years, ≥0.2 mV in men >40 years, and ≥0.15 mV in women in leads V2–V3 or 
≥0.1 mV in other leads (in the absence of left ventricular (LV) hypertrophy or left 
bundle branch block (LBBB)) [ 11 ].  

1.2.4     Cardiac Biomarker Measurements 

 In both NSTEMI and STEMI, a rise and/or fall of cardiac specifi c myocardial 
necrosis markers is detected, which defi ne them clinically as AMI, and distin-
guishes them from unstable angina [ 12 ]. Cardiac troponins have become the car-
diac markers of choice for patients with ACS in the guidelines from the European 
Society of Cardiology (ESC). The recommended cutoff value for cardiac 
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biomarker values is the 99th percentile upper reference limit of a healthy reference 
population [ 13 ]. However, there is no universal consensus of how to defi ne a refer-
ence population according to age, sex, ethnicity, race, or the number of study par-
ticipants needed in each category for a total reference population. The analytical 
quality of troponin T and troponin I assays has been repeatedly improved during 
the last decade, making it possible to detect lower enzyme release. Highly sensitive 
troponin assays have identifi ed differences in the normal reference range between 
women and men with 99th percentiles twofold higher in men. In the High-STEACS 
study, a randomized controlled trial in patients with suspected ACS, the diagnostic 
accuracy of a high-sensitivity assay with sex-specifi c diagnostic thresholds was 
compared to the contemporary assay. The high sensitivity troponin I assay doubled 
the diagnosis of myocardial infarction in women (from 11 % to 22 %;  P  < 0.001) 
but had a minimal effect in men (from 19 % to 21 %,  P  = 0.002) [ 14 ]. In a study of 
Slagman et al., the infl uence of sex on the diagnostic performance of cardiac tro-
ponin in chest pain patients was investigated [ 15 ]. Especially in patients that pre-
sented more than four hours after the onset of symptoms, sex differences in the 
predictive value of cardiac troponin were found. Women with a NSTEMI were less 
likely to have an initially elevated troponin value as compared to men. Also, the 
sensitivity and positive predictive value were lower in women as compared to men, 
while specifi city and negative predictive value as well as diagnostic accuracy are 
slightly higher. Current diagnostic thresholds may lead to under diagnosis of AMI 
in women and contribute to sex inequalities in treatment and outcome. The imple-
mentation of sex-dependent cutoff values for cardiac troponin assays might be 
recommended in the future; however, further studies are needed to evaluate possi-
ble cutoff values in order to optimize diagnostic accuracy of cardiac troponin for 
women and men and to confi rm the consequences on clinical outcome.   

1.3     Pretest Probability of Coronary Artery Disease 

 The possibility that physicians underestimate the risk of disease in women cannot 
be ruled out. Therefore, the clinical assessment and prediction of the pretest risk for 
CAD in women is very important. 

1.3.1     Gender, Age, and Clinical Presentation 

 The pretest likelihood of CAD in symptomatic patients depends on gender, age, and 
type of symptoms. Advancing age, male gender, and typical angina are associated 
with obstructive CAD. Women usually present at older age and with more atypical 
symptoms as compared to men and therefore have lower probability of CAD on 
catheterization per age category. For example, when a man of 35 years presents with 
typical angina, he has a pretest probability of 59 % for having CAD, compared with 
28 % in women. Sex differences in pretest probability diminish with advancing age. 
In patients who have a high pretest probability and severe symptoms or a clinical 
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condition indicating high risk, early invasive intracoronary angiography without 
previous noninvasive risk stratifi cation is a good strategy to identify lesions poten-
tially amenable to revascularization. Women less frequently reach a pretest proba-
bility of 85 % or higher, which implies that women should always undergo exercise 
stress testing or noninvasive imaging before being referred to the catheterization 
laboratory [ 5 ].  

1.3.2     Risk Factors 

 Especially when the clinical presentation is not completely clear, it is also important 
to take risk factors into account. Age is the most important risk factor for CAD. From 
menopause, when the relative protection of estrogen has diminished, the burden of 
CAD increases signifi cantly. Furthermore, most of the burden of CAD can be 
explained by a set of traditional risk factors (RFs) that affect both women and men, 
including elevated blood pressure, smoking, overweight and obesity, diabetes, and 
elevated cholesterol. Although these RFs do not differ between both genders, the 
impact of these RFs might be different for women and men. In a recent review by 
Appelman et al., it has been demonstrated, for instance, that prolonged smoking and 
diabetes are signifi cantly more hazardous for women than for men [ 16 ]. However, 
these differences between women and men are not implemented in current guide-
lines yet. In addition, several female-specifi c RFs like pregnancy-induced hyperten-
sion and gestational diabetes have been identifi ed with a high lifetime risk of 
cardiovascular disease. Attention for female-specifi c RF may enable early detection 
of CAD and subsequent early disease detection in apparently healthy women. 
Studies are needed to assess if and how the added RFs should be implemented in 
current risk assessment and management strategies to maximize benefi t and cost- 
effectiveness specifi c in women.  

1.3.3     Noninvasive Testing 

 The development and widespread use of noninvasive tests have contributed to the 
improvement in evaluation of patients with known or suspected CAD. Unfortunately, 
all available tests have advantages and drawbacks, and no single imaging modality has 
been proven to be superior overall. With coronary computed tomography angiography 
(CCTA) or magnetic resonance imaging (MRI) angiography, the coronary anatomy 
can be visualized, and additional information about the plaque composites can be 
obtained. Cardiac MRI also offers the possibility of functional imaging. Functional 
tests can add important information with respect to the causal relationship between 
ischemia and the occurrence of the patient’s symptoms. Other functional imaging 
techniques include dobutamine stress echocardiography, single-photon computed 
tomography (SPECT), and positron emission tomography (PET) imaging. 

 The sensitivity and specifi city of all tests are lower in women compared to men, 
partly due to the lower prevalence of obstructive CAD (Table  1.1 ) [ 18 ]. The choice 
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of the imaging method should be tailored to each person based on the pretest prob-
ability of CAD, clinical history, and local expertise (Fig.  1.1 ) [ 5 ]. If noninvasive 
testing demonstrates myocardial ischemia, women should undergo cardiac catheter-
ization to confi rm the presence or absence of obstructive CAD.

1.4          Indications for Invasive Coronary Angiography 

 Despite the advances in noninvasive testing over recent years for the investigation 
of chest pain in women, invasive coronary angiography remains the gold standard 
in the diagnosis and assessment of CAD [ 5 ]. With invasive angiography, a two- 
dimensional outline of the coronary artery anatomy and of the luminal changes can 
be visualized. 

 Indications for the use of catheterization and coronary intervention have been 
described in the guidelines of the ESC and are focused on stable angina pectoris and 

Patients with suspected SCAD and
intermediate PTP of 15 % – 85 %

Consider
• Patient criteriaa/suitability for given test
• Availability
• Local expertise

Stress testing
for ischaemia

PTP 15–65 %
and

LVEF ≥ 50 %

PTP 66–85 % or
LVEF <50 % without

typical angina

Stress imaginga (echob, CMRc,
SPECTb, PETb); ECG exercise
stress testing possible if
resources for stress imaging
not available

Unclear

2nd
(imaging)
stress test
(if not done

before)f

Coronary
CTA in
suitable
patientd

(if not done
before)e

ICA
(with FFR

when
necessary)

Determine patient
characteristics

and preferencesb

Consider functional CAD
Investigate other causes

Diagnosis SCAD established
further risk stratification

(see Fig. 1.3)

Ischaemia testing using stress
imaging if not done beforef

Ischaemia

No ischaemia

No stenosis

Stenosis

Unclear

Coronary CTAa in patients at low intermediate PTP (15 % – 50 %)
• If suitable candidated

• If adequate technology and local expertise available

Exercise ECG if feasible - stress
imaging testinga preferred
(echob, CMRc, SPECTb, PETb)
if local expertise and
availability permit

  Fig. 1.1    Noninvasive testing in patients with suspected SCAD and an intermediate pretest prob-
ability.  CAD  coronary artery disease,  CTA  computed tomography angiography,  CMR  cardiac mag-
netic resonance,  ECG  electrocardiogram,  ICA  invasive coronary angiography,  LVEF  left ventricular 
ejection fraction,  PET  positron emission tomography,  PTP  pretest probability,  SCAD  stable coro-
nary artery disease,  SPECT  single-photon emission computed tomography. (a) Consider age of 
patient versus radiation exposure. (b) In patients unable to exercise use echo or SPECT/PET with 
pharmacologic stress instead. (c) CMR is only performed using pharmacologic stress. (d) Patient 
characteristics should make a fully diagnostic coronary CTA scan highly probable consider result 
to be unclear in patients with severe diffuse or focal calcifi cation. (e) Proceed as in lower left coro-
nary CTA box. (f) Proceed as in stress testing for ischemia box (Adapted with permission from the 
ESC guidelines stable CAD [ 5 ])       
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ACS [ 5 ,  11 ,  13 ]. Currently these recommendations do not make a distinction 
between women and men with regard to these indications. However, since the prev-
alence of signifi cant obstructive CAD is generally lower in women, a careful esti-
mation of the pretest probability is necessary to avoid unnecessary invasive 
procedures (Table  1.2 ) [ 5 ].

   Coronary angiography is valuable when the pretest probability of obstructive CAD 
is intermediate or high. Douglas et al. proposed an algorithm for the assessment of the 
need of coronary angiography in women already 20 years ago (Table  1.3 ) [ 19 ].

1.4.1       Referral Bias 

 A delay in the referral for coronary angiography and subsequent diagnosis of CAD 
may lead to a higher morbidity and mortality. As women more often present with 
atypical symptoms, misinterpretation of symptoms and underdiagnosis cannot be 
ruled out. 

 There is confl icting evidence as to whether there is a bias against women in the 
referral for cardiac catheterization and likelihood for revascularization. Rates of 
coronary angiography and PCI increased among both women and men over time. 
Although there seems equal access to cardiac invasive procedures in Europe, there 
are still sex-related differences in the use of these procedures and subsequent revas-
cularizations (Fig.  1.2 ) [ 20 ].

   Several studies have examined the gender-related difference in the referral rate 
for coronary angiography with or without prior noninvasive testing. Tobin et al. 
documented the highest estimated male–female odds ratios for relative risks of 
referral, reporting that women were much less likely than men to be referred for 
coronary angiography after an abnormal nuclear exercise test, even when important 
covariates that could infl uence the referral decision had been considered [ 21 ]. 
However, more recent studies concluded that lower crude referral rates for coronary 
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Typical angina Atypical angina Non-anginal pain
Age Men Women Men Women Men Women

30–39 59 28 29 10 18 5 PTP < 15 %: no further
testing (low probability of

SCAD)
40–49 69 37 38 14 25 8

50–59 77 47 49 20 34 12

60–69 84 58 59 28 44 17

70–79 89 68 69 37 54 24
>80 93 76 78 47 65 32

PTP 15–65%: exercise ECG
or non-invasive imaging

based test for ischaemia as
initial test

PTP 66–85%: non-invasive
imaging functional test
PTP>85%: only risk

stratification (high probability
of SCAD)

   Table 1.2    Clinical pretest probabilities in men and women with stable chest pain symptoms        

 Adapted with permission from ESC guidelines [ 5 ] 
 Probabilities of obstructive coronary disease shown refl ect the estimates for patients aged 35, 45, 
55, 65, 75, and 85 years 
  ECG  electrocardiogram,  PTP  pretest probability,  SCAD  stable coronary artery disease 
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  Fig. 1.2    Sex-stratifi ed trends in use of catheterization and PCI. P values are from sex and time 
interaction term with trial as random effect. Signifi cant P values indicate a signifi cant change in 
rates of use between women ( dashed line ) and men ( blue ) over time.  PCI  percutaneous coronary 
intervention (Adapted with permission from Kragholm et al. [ 20 ])       

Likelihood of CAD Initial test Subsequent test Determinants of CAD in 
women with chest pain

Low (<20 %)
No major and ≤1 

intermediate or ≤2 
minor determinants

� None indicated � None indicated Major
- Typical angina pectoris
- Postmenopausal status –
without hormone
replacement
- Diabetes mellitus
- Peripheral vascular disease

Moderate (20–80 %)
1 Major or multiple 
intermediate and 

minor determinants

� Routine ETT:
Negative

Inconclusive

Positive

� None indicated
� Further testing 

indicated; selection 
must be individualized
� Imaging test for 

catheterization

Intermediate
- Hypertension
- Smoking
- Lipoprotein abnormalities,
especially low HDL
cholesterol levels

� Imaging ETT:
Negative

Inconclusive
Positive

� None indicated
� Catheterization
� Catheterization

Minor
- Age > 65
- Obesity, especially central
obesity
- Sedentary lifestyle
- Family history of coronary
heart disease
- Other risk factors for
coronary heart disease
(e.g. psychological or
hemostatic)

High (>80 %) � Routine ETT:
Negative

Inconclusive
Positive

� None indicated, 
observe patient 

carefully
� Catheterization
� Catheterization

� Imaging ETT: � None indicated

≤2 Major or
1 major plus >1

intermediate and
minor determinants

   Table 1.3    Assessment need for coronary angiography in women        

 Adapted with permission from Douglas et al. [ 19 ] 
  CAD  coronary artery disease,  ETT  exercise tolerance test,  HDL  high density lipoprotein 
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angiography in women no longer persisted after adjustment for confounding vari-
ables or appropriateness of its use. Nguyen et al. reported similar referral rates for 
revascularization procedures, once signifi cant CAD was elucidated [ 22 ]. 
Interestingly, since women appear to have more nonobstructive CAD, sex differ-
ences in referral and revascularization can also be interpreted as overuse of angiog-
raphy in women or under-referral in men. In a German registry study of Heer et al., 
women with NSTEMI and stable CAD had even higher rates of PCI as compared to 
men and similar rates in case of STEMI [ 23 ].   

1.5     Anatomical Features 

 The anatomy of the heart differs slightly between women and men. The size of a 
woman’s heart is two-thirds that of a man’s and a woman’s coronary arteries are 
smaller. The chance of having obstructive coronary lesions increases also in 
aging women. Women have less calcifi cation of coronary plaques, smaller intra-
medial plaques and lower atheroma volume within the intima and media of the 
coronary arteries. Women who undergo catheterization are less likely to have 
multivessel disease and more likely to have nonobstructive disease compared 
with men. 

 The link between myocardial ischemia and obstructive atherosclerosis of the 
epicardial coronary arteries is well established, and coronary angiography has 
demonstrated a relationship between the severity and extent of CAD and sur-
vival. However, women have a higher prevalence of nonobstructive CAD, and 
symptoms seem to be more frequently related to abnormal coronary reactivity, 
microvascular dysfunction, and plaque erosion. This reinforces the fact that a 
description of the coronary anatomy alone is not enough in women without 
obstructive CAD [ 3 ]. 

1.5.1     Rationale for Revascularization 

 Clinical guidelines do not differentiate between women and men regarding revascu-
larization recommendations. If despite medical treatment, fl ow-limiting coronary 
stenoses are present, revascularization, by either PCI or coronary artery bypass graft 
(CABG) surgery, may be indicated to reduce myocardial ischemia and its adverse 
clinical manifestations and to relieve symptoms. Revascularization of nonischemic 
lesions not only increases the treatment costs but also poses an increased risk for the 
CAD patient rather than offering any benefi t. Since women have less severe CAD 
with less obstruction, revascularization strategies will be applied less frequently. At 
present, 15–38 % of patients treated with revascularization techniques are women 
[ 17 ]. Modern stent implantation with new generation drug eluting stents (DES) have 
shown to be effective and safe in women and are recommended as the standard of 
care for PCI in women [ 24 ].  
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1.5.2     Women and Nonobstructive CAD 

 The Women’s Ischemia Syndrome Evaluation (WISE) studies have demonstrated that 
up to 50 % of women undergoing coronary angiography do not have obstructive CAD 
[ 25 ]. While women compared to men have a higher incidence of angina-like symp-
toms of IHD, these women are often reassured and frequently not treated or further 
investigated although this fi nding is not benign and is associated with an adverse car-
diovascular outcome compared to asymptomatic women. This syndrome of angina-
like symptoms and evidence of ischemia but without obstructive epicardial CAD is 
attributed to functional disorders of the larger and smaller coronary arteries, spasm 
and microvascular disease (MVD), and is associated with 3.5 times greater risk of 
MACE (hospitalization for heart failure, MI, and stroke rate or all- cause mortality) 
and worse quality of life compared to women with no CAD (hazard ratio [HR] 3.58; 
95 % CI 1.87–6.86), whereas for men with nonobstructive CAD, there was no differ-
ence in MACE compared to men with no CAD (HR, 0.82; 95 % CI, 0.35–1.93) [ 26 ]. 

 Although the prevalence of nonobstructive CAD is higher in women, it is not only 
a women’s disease. A recent publication by Murthy et al. demonstrated no difference 
in the prevalence of MVD (documented by PET) and showed that the severity of 
MVD was associated with older age and cardiovascular RF [ 27 ]. Furthermore, they 
found that the presence of MVD increased adverse cardiovascular outcomes irre-
spective of gender. It can be concluded that these fi ndings establish the importance to 
consider the diagnosis of MVD in both sexes. Further studies are needed to establish 
the role of the particular higher prevalence of MVD in women compared to men. 

 Therefore, after obstructive CAD has been ruled out by invasive coronary angiog-
raphy, other etiologic mechanisms for angina-like complaints should be investigated 
by noninvasive (Doppler echocardiography, MRI, or PET) or invasive tests as dem-
onstrated in Table  1.4  [ 28 ]. The golden standard for the diagnosis of spasm and MVD 
is invasive coronary reactivity testing by using adenosine, acetylcholine, ergonovine, 
or nitroglycerine. Measurement such as coronary fl ow reserve (CFR), fractional fl ow 
reserve (FFR), instantaneous wave-free ratio (iFR), and index myocardial resistance 
(IMR) will help to understand the pathophysiology in patients presenting with angina 
without obstructive CAD. However, there is still concern about the safety of using 
acetylcholine, like the occurrence of arrhythmias reported with acetylcholine (9.3 %), 
and also transient atrioventricular blocks have been reported. Chapter   2     will provide 
more details with respect to these invasive measurements.

1.5.3        Treatment of Angina in Women with Nonobstructive CAD 

 There have been several pharmacological and non-pharmacological therapies tested in 
women with MVD; however, there is still lack of evidence-based studies that have 
evaluated the impact on CV outcome. Therefore, treatment of these symptomatic 
patients can be frustrating for both patient and their physicians and leads to a high eco-
nomic burden of healthcare costs. Women with angina and nonobstructive CAD should 
be screened for CVD risk factors and treated according to risk stratifi cation as described 
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in CVD prevention guidelines [ 30 ], supplemented by individualized symptomatic 
treatment for angina (Table  1.4 ). One can consider starting with the following medica-
tion: aspirin, statin, beta-blocker, ACE inhibitor, calcium blocker, or nitrate which is 
comparable with the treatment of obstructive CAD. Lifestyle interventions are also 
very important to lower the CV risk in patients with nonobstructive CAD as CV RFs 
play an important role in the pathophysiology of this disease. For instance, correction 
of endothelial dysfunction in postmenopausal hypertensive women may lower IHD 
events 7.3-fold [ 31 ].   

1.6     Technical Issues and Complications of Invasive 
Coronary Angiography 

 As always, patients must be fully informed of the purpose of the procedure as well 
as its risks and limitations. Major complications, though rare in experienced hands, 
include death, stroke, coronary artery dissection, and arterial access complications. 

    Table 1.4    Diagnosis and management of women with angina and nonobstructive CAD   

  Diagnostic test    Diagnosis  
 Intracoronary ergonovine  Epicardial coronary spasm 
 Acetylcholine  Epicardial coronary spasm 

 Microvascular spasm 
 Adenosine test  Coronary microvascular endothelium-independent 

dysfunction 
 Intracoronary nicorandil  Coronary microvascular endothelium-independent 

dysfunction 
  Management    Treatment  
  A. Microvascular coronary dysfunction  
 Coronary endothelial dysfunction  ACE inhibitors 

 Angiotensin receptor blockers (if ACE inhibitor 
intolerant) 
 HMG CoA reductase inhibitors (statins) 
 Antiplatelet agent (aspirin) 
 Enhanced external counterpulsation 

 Diminished coronary blood fl ow reserve  Beta-blockers 
 L-Arginine supplementation 

 Coronary smooth muscle dysfunction  Calcium channel blockers 
 Nitrates 

 Antianginal medication  Ranolazine 
 Cognitive behavioral therapy 
 Tricyclic medication 
 Spinal cord stimulation (TENS unit) 

  B. Coronary vasospasm (prinzmetal 
angina)  

 Calcium channel blockers 

  C. Abnormal cardiac nociception   Tricyclic medication 
 Spinal cord stimulation (TENS unit) 

   CAD  coronary artery disease,  ECG  electrocardiogram,  ACE  angiotensin-converting enzyme, 
 HMG-CoA  3-hydroxy-3-methylglutaryl-coenzyme A,  TENS  transcutaneous electrical nerve stim-
ulation [ 28 ,  29 ]  
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Risks depend on the individual patient, and predictors include age, coronary anat-
omy, impaired left ventricular function, valvular heart disease, the clinical setting, 
and non-cardiac disease. The most common complications are transient or minor 
and include arterial access bleeding and hematoma, pseudoaneurysm, arrhythmias, 
reactions to the contrast medium, and vagal reactions. 

 Higher rates of procedural complications have been reported in women after 
both coronary angiography and PCI. In particular, women are prone to more vascu-
lar and bleeding complications than men. From 1994 to 1998, a national database 
from the United States reported twice as many complications in women for stroke 
(0.4 vs. 0.2 %,  P  < 0.001) and vascular complications (5.4 vs. 2.7 %,  P  < 0.001) [ 32 ]. 
Factors that are also associated with vascular complication are more prevalent in 
women, like advanced age, chronic kidney disease, low BMI, use of anticoagula-
tion, and small vessel size. Lower BMI increases the risk of bleeding in patients 
undergoing PCI. As women are smaller than men, they have a higher PCI-related 
bleeding risk [ 33 ]. Several studies confi rm the relationship between higher bleeding 
risk and low BMI. This might be explained via a higher platelet reactivity found in 
PCI patients using antiplatelet therapy and having high BMI. Barker et al. found 
that BMI was negatively associated with platelet reactivity in patients on antiplatelet 
therapy [ 34 ]. Thus women, having a lower BMI, might have enhanced platelet 
suppression. 

1.6.1     Vascular Access 

 A mixture of patient-related, anatomical, and technical factors usually infl uences 
the choice of vascular access. Key considerations for all percutaneous approaches 
are the antithrombotic environment, the Seldinger technique, and the potential need 
for interventions. Until recent years, the femoral approach was the most commonly 
used vascular access. In the last decade, there has been an increase in the uptake of 
radial access for angiography and PCI for both elective and emergency cases in 
Europe and North America driven by the higher bleeding complications rate using 
the femoral approach. 

 In general, women undergoing coronary angiography and PCI are at higher risk 
of vascular complications after diagnostic and interventional procedures compared 
with men. The femoral approach is still the most performed procedure in both men 
and women, but the radial approach gains in popularity in both genders during the 
last few years and seems preferred due to the reduction in vascular complications 
after PCI [ 35 ]. It seems that a safe femoral artery puncture is more challenging in 
women compared to men as women have smaller and shorter common femoral 
artery [ 36 ]. However, although there is a higher risk of access site bleeding in 
women compared to men, there is has been no relationship demonstrated with these 
anatomic differences using the femoral approach. The reason for this higher access 
site bleeding in women therefore remains unclear. The study by Pandie et al. showed 
that major vascular complications were signifi cantly reduced with the use of radial 
access in both sexes, but this effect was more prominent among women, irrespective 
of whether PCI was performed. The number of patients needed to treat with radial 
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access instead of femoral access to prevent 1 vascular complication was 33 in 
women and 49 in men. These data suggest that women undergoing coronary angi-
ography for ACS may particularly benefi t from the radial approach. However, the 
SAFE-PCI for women trial compared radial and femoral artery access in women 
undergoing procedures either electively or for non-STEMI and was terminated early 
because of lower than expected rates of bleeding and vascular complications. There 
was no signifi cant difference in access site complication rates in the PCI subgroup, 
although there was a signifi cant decrease in bleeding and vascular complications 
using the radial approach in the entire cohort of PCIs and diagnostic coronary angi-
ography [ 37 ]. 

 Furthermore, there are concerns that radial access may be technically more 
challenging in women due to smaller caliber radial arteries (2.43 ± 38 versus 
2.69 ± 0.40 mm), greater tortuosity, and increased rates of radial artery spasm, 
potentially leading to lower procedural success rates. This was demonstrated in 
several studies. 

 Women with a radial access approach are more likely to cross over to femoral 
access than men (11.1 % in women vs. 6.3 % in men). This is related to higher rates 
of radial spasm (9.5 % in women vs. 3.3 % in men). Technical skill and the use of 
5-F catheters help to extend the benefi ts of radial access to women. A recent study 
suggested the greater need for pre-selecting adequate access arteries in women to 
reduce radial artery spasm rates [ 35 ]. Chugh et al. showed that women have more 
commonly only a single adequate forearm artery of the four available forearm 
arteries as compared with men, who more commonly have multiple adequately 
sized access arteries [ 38 ]. So, proactive measures to decrease access site complica-
tions, such as fl uoroscopy of the groin before catheterization, smaller sheath size, 
and increased attention to access management, should be considered routinely in 
women [ 32 ]. 

 In terms of patient preference for subsequent procedures, both women and men 
would prefer radial access, especially because of mobility reasons. However, in 
conclusion, at present, the most important reasons for the radial access preference 
are the reduction in bleeding risk in both women and men.  

1.6.2     Vascular Closure in Femoral Approach 

 Already several years ago, vascular closure devices were introduced to the clinic. 
Tavris et al. studied the association of gender, sheath size, and closure techniques 
and found that large sheath size and both manual compression and collagen plug 
devices to control femoral artery bleeding increased the relative risk of vascular 
complications for women [ 36 ]. This is surprising as the target vessels are supposed 
to be smaller in diameter. Therefore, these increased complications persist even in 
the era of closure devices.  
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1.6.3     Radiation Exposure 

 The catheterization laboratory is a place where the use of ionizing radiation is 
high every day. Personnel and patients are at risk to radiation exposure, and pro-
cedures such as performing PCI are considered as highest radiation dose for 
patients and staff. The exposure of a diagnostic coronary angiogram for a patient 
lies in the range of 350 X-rays, while that of a coronary intervention lies in a range 
of 750 X-rays. Every day we expose ourselves to radiation from natural cosmic 
rays in our environment (gamma radiation). However, it is proven that radiation is 
carcinogenic and that medical exposure to radiation may increase the risk of 
developing cancer in patients as well as in medical staff. Furthermore, it can lead 
to skin injuries and damage to the eye especially the formation of cataract. The 
number of diagnostic and interventional coronary procedures has increased dur-
ing the last decades and contributes for 10 % to the collective dose in patients. 
Therefore, it is of highest importance to minimize the risk of radiation exposure, 
and this can be achieved by following an intensive training program. In this pro-
gram, the key methods for the reduction of radiation reduction are focused on the 
following items and can be generalized to all patients and staff members who 
work with radiation:

    1.    Time: minimizing the fl uoroscopy time decreases radiation damage for patients 
and staff.   

   2.    Distance: the risk of radiation exposure decreases exponential by increasing the 
distance from the radiation beam.   

   3.    Shielding: protection using lead shields (mobile shielding, thyroid collar, lead 
apron, lead glasses) decreases the risk of radiation exposure.     

 With the increasing use of the radial approach, there was a concern if this might 
lead to higher radiation exposure for the operator and patient. Recently, a random-
ized trial demonstrated that radiation exposure for the patient during diagnostic 
coronary angiography using femoral approach was similar compared to radial 
approach using either right or left radial artery (LRA). However, using the LRA led 
to a higher operator radiation exposure than using the FA or RRA. Unfortunately, 
there were no data reported with respect to gender differences as it might be that 
even in female patients the risk for the operator, due to the smaller size of the patient, 
might even be higher [ 33 ]. 

 For any given radiation exposure, the cancer risk is higher in women com-
pared to men at all ages (about 38 %). Next to that, it is important to know if a 
female patient is pregnant as the ionizing radiation can be both teratogenic and 
carcinogenic for the fetus (particularly leading to leukemia). This is due to the 
fact that the sensitivity of a tissue to radiation is related to its rate of proliferation 
that is high in fetal cells. Therefore, prior to the investigation, it is necessary to 
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ask a female of reproductive age if she might be pregnant, and if so, the examina-
tions needing radiation should be postponed (if possible) until the organogenesis 
is completed (>12- week pregnancy). Consequently, it is of special importance 
for medical staff to take gender into account when a cardiac radiation procedure 
is performed in female patients and that a women’s pregnancy is acknowledged. 
Furthermore, women are strongly encouraged to declare their pregnancy as early 
as possible.  

1.6.4     Contrast-Induced Nephropathy 

 Contrast-induced nephropathy is a complication which is associated with 
increased in-hospital and long-term morbidity and mortality [ 34 ]. At present, 
there are no approved diagnostic tests or preventive therapies for contrast-induced 
nephropathy. 

 Women are at a greater risk for the development of renal complications in the 
period after angiography than men. The signifi cantly higher incidence of contrast- 
induced nephropathy in women seems largely due to their less favorable baseline 
characteristics, including lower glomerular fi ltration rate (GFR), more anemia, higher 
incidence of arterial hypertension, and advanced age. However, in a STEMI study of 
Lucreziotti et al., female gender and a left ventricular ejection fraction (LVEF) of 
lower than 40 % were independent predictors of contrast-induced nephropathy [ 39 ]. A 
reduced glomerular volume in women might be a possible mechanism to explain a 
greater susceptibility to acute renal failure.   

1.7     Therapeutic Options 

 Coronary angiography was performed in 1958 by Sones as he tried to perform a 
selective aortic root injection. He noticed that the catheter tip accidently had entered 
the right coronary artery when the contrast dye was injected. Since then, the tech-
nique has been developed and has proven to be of great importance in patients with 
CAD. Years later, the fi rst coronary angioplasty, generally known as percutaneous 
coronary intervention (PCI), was performed in September 1979 by Andreas 
Gruntzig. Of the fi rst fi fty patients reported, only four patients were female with 
stenotic lesions of 75 % or more [ 40 ]. At that time, it was thought that especially 
patients with an accessible stenosis of less than 1 cm length based on coronary angi-
ography and a short history of pain (less than 1 year) were most suitable for the 
procedure. It is unknown if differences in the outcome of the angiography or the 
symptoms clarify the small proportion women in these early reports. Nowadays the 
indications for coronary intervention have been broadened, and the proportion of 
women undergoing PCI has increased. 

 The therapeutic response of women, both to revascularization procedures and 
 pharmacological treatment, presents certain peculiarities. Details of the (invasive) 
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coronary treatment in subsequently stable angina, NSTEMI, and STEMI and anti-
thrombotic treatment will be discussed in paragraph three to six. 
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2.1          Introduction 

 Coronary artery disease is the leading cause of morbidity and mortality worldwide 
and embodies the effect of atherosclerosis – a condition caused by the accumulation 
of cholesterol in the coronary arterial intima leading to chronic infl ammation with 
endothelial dysfunction, luminal narrowing, and eventually plaque rupture and 
thrombosis. Understanding the pathophysiology of atherosclerosis and the pro-
cesses taking place after coronary stent implantation is crucial for improving cardio-
vascular outcomes. This chapter presents the most commonly used diagnostic 
intracoronary imaging techniques and functional tests, with an emphasis on techni-
cal issues and specifi c fi ndings related to the female gender.  

2.2     Intracoronary Imaging 

 Coronary angiography remains the reference modality to assess the severity of coro-
nary lesions and guide stent implantation. The technique is, however, limited by its 
lumenographic nature preventing the visualization of processes taking place at the 
level of the vessel wall. These include (1) atherosclerosis, which is often diffuse 
with remodeling, where it is well known that angiography underestimates the extent 
and severity of disease, and (2) the healing and failure of coronary stents. 

 Traditional intracoronary imaging modalities such as intravascular ultrasound 
(IVUS) and optical coherence tomography (OCT) overcome these limitations by 
enabling a pathology-like cross-sectional view of the vessel wall and implanted 
devices. Other intracoronary imaging techniques are also available, although the 
target is different, such that angioscopy, which offers a forward-looking view of the 
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luminal surface of the coronary vessel, whereas near-infrared spectroscopy (NIRS) 
provides a chemogram specifi cally of the cholesterol presence in the vessel wall. 
With IVUS and OCT providing the basis of most of our experience so far and since 
available data on gender differences primarily are derived using these techniques, 
they will be the focus of this section. 

2.2.1     IVUS 

 Intravascular ultrasound (IVUS) imaging was introduced in the 1990s and allows a 
real-time, tomographic assessment of the lumen area, plaque burden, composition, 
longitudinal distribution, and remodeling as well as stent size, apposition, and 
expansion (Table  2.1 ). The standard ultrasonic catheters apply frequencies in the 
range 20–45 MHz, providing an axial resolution of 100–250 μm, and a tissue pen-
etration up to 10 mm [ 1 ].

   Conventional gray-scale (GS)-IVUS characterizes atheroma based on tissue 
echogenicity in relation to the surrounding adventitia, not necessarily refl ecting 

    Table 2.1    Features assessable with optical coherence tomography (OCT) and intravascular ultra-
sound (IVUS) in comparison with gold-standard histology   

 Feature  Histology  OCT  IVUS 
  In general  
 Resolution  1 μm  10–20 μm  100–250 μm 
 Imaging depth  ∞  1–2.5 mm  8–10 mm 
 Detailed surface morphology  +  +  – 
 Vessel remodeling  +  –  + 
 In vivo and serial imaging  –  +  + 
 Imaging longitudinal segments  –  +  + 
  Atherosclerosis  
 Lumen area  ±  +  + 
 Plaque burden  +  –  + 
 Thin fi brous caps (TCFA)  +  +  – 
 Superfi cial calcifi cation  +  +  – 
 Differentiation between deep lipid and calcifi cation  +  –  + 
 Macrophage accumulation  +  +  – 
 Cholesterol crystals  +  ±  – 
 Microvessels  +  ±  – 
  Stent implantation  
 Stent area  +  +  + 
 Apposition/malapposition  +  +  + 
 Stent expansion   a   +  + 
 Vessel injury  +  +  + 
 Thin neointima  +  +  + 
 Vessel remodeling  +  +  + 
  Other  
 Red vs. white thrombi  +  +  + 
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histological composition. Due to a poor reproducibility, GS-IVUS cannot be recom-
mended for characterization of tissue composition. This can, however, be improved 
by analysis of the radiofrequency signal together with the application of different 
diagnostic algorithms. Several such methods exist, of which virtual histology (VH)-
IVUS has been most commonly used to study gender differences in plaque composi-
tion. VH-IVUS differentiates between fi brous, fi brofatty, dense calcium, and necrotic 
core composition with satisfactory histological correlation and reproducibility [ 1 ].  

2.2.2     OCT 

 Optical coherence tomography (OCT) is a near-infrared (frequency: 1310 nm) 
light-based technology with an ultrahigh resolution of 10–20 μm: 10–20 times 
higher than IVUS [ 2 ]. Accordingly, OCT offers a signifi cantly improved visualiza-
tion of plaque characteristics by identifying fi broatheromas, fi brocalcifi c, and 
fi brous plaques with a high sensitivity and specifi city. Of note, OCT is the only 
modality capable of providing accurate measurements of the thickness of the fi brous 
cap and can detect minor cap disruptions as well as accumulations of macrophages, 
microvessels, cholesterol crystals, and even differentiate between red and white 
thrombi. Compared with IVUS, OCT is associated with a noticeably reduced num-
ber of artifacts making the imaging of metallic stents and the evaluation at the strut 
level more feasible: these include small degrees of strut malapposition, thin strut 
coverage, intra-stent dissections, and other acute and long-term effects of stent 
implantation. Since the introduction of newer-generation Fourier-domain OCT sys-
tems in 2009, which provide ultrafast image acquisition in a user-friendly manner, 
OCT has emerged as the modality of choice in a majority of clinical scenarios. 
Nevertheless, at the cost of the high resolution is a relatively low tissue penetration 
(4–6 mm), rendering the assessment of plaque burden and remodeling in stented 
segments impossible [ 2 ]. 

2.2.2.1     Technical Issues 
 Current IVUS and OCT catheters range from 2.6 to 3.2 French in size and can be 
introduced through conventional six French guide catheters. Following the admin-
istration of nitroglycerine to avoid coronary spasm, the catheters are advanced over 
standard 0.014 in. guide wires, distal to the region of interest. Image acquisition 
with both IVUS and OCT is associated with high success rates (92–97 %), even with 
three-vessel imaging during ST-elevation myocardial infarction [ 3 ]. Technical 
issues are generally related to handling the catheters through diseased and/or tortu-
ous segments, which might be more challenging in women due to smaller vessels. 
Care should particularly be taken when crossing coronary stents (both metallic and 
bioresorbable scaffolds) to avoid device displacement and fracture, for the interro-
gation of thrombosed lesions due to risk of distal embolization, and for assessment 
of edge dissections after device implantation. Serious complications in terms of 
coronary artery dissection/perforation or malignant arrhythmias are rare, although 
slightly more frequent with OCT (~1 %) due to the need for vessel fl ushing with 
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contrast during image acquisition [ 3 ]. Discomfort from ischemia due to catheter 
obstruction during assessment of tight stenoses may be seen with increasing steno-
sis and acquisition time with IVUS (standard acquisition rate: 0.5 mm/s, meaning it 
takes 60 s to scan 30 mm vessel), whereas this is a decreasing issue with new- 
generation OCT systems with ultrafast acquisition (30 mm vessel in 1.5 s).    

2.3     Findings from Clinical Studies 

2.3.1     Intracoronary Imaging to Evaluate Atherosclerosis 

 Considering the morphometric similarity with pathology, data from intracoronary 
imaging studies represent an important continuation of the results from autopsy 
reports. One should, however, keep in mind that fi ndings derived with these tech-
niques need to be interpreted in view of their specifi c strengths and limitations 
(Table  2.1 ). 

 In general, female cardiac patients are often older and have more risk factors and 
comorbidities than their male counterparts, frequently resulting in their exclusion 
from clinical trials. In addition to this selection bias, available studies of atheroscle-
rosis using intracoronary imaging are limited and heterogeneous making compari-
son and confi dent conclusion drawing somewhat diffi cult. 

 For both genders, VH-IVUS indicates that plaque burden, necrotic core, and 
calcium content increase signifi cantly with aging [ 4 ,  5 ]. Several studies suggest that 
women compared to men, at any age, exhibit less extensive coronary artery disease 
by angiography [ 6 ], and smaller plaque burden by IVUS in stable as well as unsta-
ble clinical settings [ 4 ,  5 ,  7 ]. With respect to plaque composition, gender-specifi c 
differences have been reported in patients <65 years such that women by VH-IVUS 
seem to exhibit less necrotic core and dense calcium than men – a difference that is 
attenuated in patients ≥65 years of age [ 4 ,  7 ]. 

 According to the current paradigm, the thin-cap fi broatheroma (TCFA) is the 
proposed precursor lesion of ruptured plaques responsible for the majority (60 %) of 
acute coronary syndromes (ACS) as defi ned by autopsy [ 8 ]. The TCFA is histologi-
cally characterized by a large necrotic core, covered by a thin fi brous cap (<65 μm) 
infi ltrated with macrophages. Regions with histology-defi ned TCFA and VH-IVUS- 
defi ned TCFA typically exhibit a large plaque burden with positive remodeling, 
with a predilection for the proximal coronary arteries [ 2 ,  9 ]. OCT has confi rmed that 
TCFAs are regularly found in culprit lesions of ST-elevation myocardial infarction 
(STEMI) (51–85 %), are relatively frequent in non-STEMI (22–50 %), and are fairly 
prevalent in patients with stable angina (SAP) (13–29 %) [ 2 ]. Guagliumi et al. 
recently found in a prospective study of gender differences in culprit plaques in 
STEMI that the rate of plaque rupture (~50 %) and eroded plaques (~25 %) were 
similar between genders, as was the composition of aspirated thrombus and infl am-
matory biomarkers [ 10 ]. 

 In the study of the natural history of non-culprit lesions, the PROSPECT trial 
demonstrated that 51 % of lesions associated with clinical events at 3.4 years 
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exhibited a TCFA by VH-IVUS (”VH-TCFA”) at baseline, while the estimated rate 
for a VH-TCFA to cause a clinical event was only 4.9 %. Instead, a plaque burden 
>70 % was found to be the best predictor of events during the follow-up [ 11 ]. Among 
the possible explanations of the absence of a stronger TCFA-signal is the fact that 
the VH-TCFA defi nition relies on a composite of criteria, namely the presence of a 
plaque burden ≥40 % and confl uent necrotic core >10 % in direct contact with the 
lumen [ 12 ] – thus representing a surrogate of the histological TCFA. Whether the 
direct visualization by OCT of the thin fi brous cap of TCFA (Fig.  2.1 ) may improve 
the prediction of future coronary events is currently being investigated.

   In a gender-specifi c subanalysis of the PROSPECT trial, vulnerable features 
such as plaque rupture and total necrotic core volume by VH-IVUS were, as opposed 
to above, less common in women despite their older age, while the plaque burden 
and presence of TCFA were similar between genders. At the same time, there were 
no difference in major adverse cardiac events related to non-culprit lesions up to 3 
years. Whereas, the predictors of MACE in men included a minimal lumen area 
≤4 mm, plaque burden ≥70 %, and TCFA, only the two latter were predictive in 
women, and authors suggest that VH-IVUS-defi ned TCFA may be a stronger 
marker of vulnerability in women than men [ 6 ]. These fi ndings should be inter-
preted in view of an expected underestimation of VH-IVUS to detect plaque rup-
ture, due to the relatively low resolution. 

 In the assessment of the infl uence of different drugs on plaque progression or 
regression, IVUS has provided inconsistent results in spite of the unequivocal 

a b c

  Fig. 2.1    The appearance of thin-cap fi broatheroma (TCFA) by optical coherence tomography 
(OCT) (panel  a ), gray-scale intravascular ultrasound (GS-IVUS) (panel  b ), and virtual histology 
(VH)-IVUS (panel  c ), in corresponding cross sections from the same patient. By OCT, TCFA is 
recognized as a signal-poor diffusely delineated region (*) covered by a signal-rich layer close to 
the lumen, here seen from 1 to 10 o’clock along the circumference, where the thin fi brous cap 
measures <65 μm (indicated by  two arrows ). GS-IVUS (panel  b ) shows a good correlation in 
luminal contours; however, no fi brous cap can be identifi ed. Using radiofrequency analysis with 
tissue characterization according to the color-coding as below, VH-IVUS shows at the correspond-
ing site a plaque burden >40 % and confl uent necrotic core >10 % in direct contact with the lumen 
at 5-, 8-, and 9 o’clock (Reprinted with permission from [ 33 ])       
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effects of e.g., statins with many possible explanations [ 2 ]. In a study of 978 patients 
(26 % women), there was no difference in the rate of change in plaque burden 
between genders during treatment with combined statins and ACE-inhibitors, sug-
gestively supporting the use of established medical therapies in women [ 13 ]. In a 
recent report, however, women appeared to have greater plaque regression than men 
on rosuvastatin, with the benefi t appearing in the setting of lower on-treatment 
LDL-cholesterol levels [ 14 ]. Studies using serial evaluation with OCT and/or IVUS/
NIRS to assess the medical (IBIS 4: Rosuvastatin) and interventional (PROSPECT 
2: bioresorbable vascular scaffolds) effect on plaque burden and vulnerability are 
currently undergoing and are expected to provide important information that will 
eventually help us improve cardiovascular outcomes.  

2.3.2     Intracoronary Imaging to Evaluate Coronary Stents 

 Following the introduction of coronary stents, IVUS demonstrated that the majority 
of these were inadequately expanded despite the appearance of a satisfactory angio-
graphic result, and subsequent data demonstrated that IVUS-guided optimization of 
stent implantation by high-pressure dilatation is able to reduce the rates of early 
stent thrombosis, establishing postdilatation as a routine procedure [ 15 ]. 
Accordingly, a threshold of stent expansion of 5.0–5.5 mm 2  was proposed to predict 
the occurrence of events. The application of IVUS-guided PCI has subsequently 
been associated both with reduced rates of stent thrombosis and improved survival 
in the long term – results that should be interpreted in view of their lack of random-
ization and prespecifi ed guidelines for performing and acting on IVUS fi ndings 
[ 16 ]. Specifi c evaluation of gender differences remains to be performed. 

 With the advent of DES, IVUS confi rmed the correlation between reduced 
restenosis and inhibition of neointimal hyperplasia; and that vascular responses 
after DES implantation are diverse and may include large numbers of unevenly 
covered and uncovered segments of IVUS-detected neointimal hyperplasia. These 
uncovered stent regions have together with varying degrees of late-acquired stent 
malapposition been frequently observed in cases of late stent thrombosis [ 2 ]. 
Limited by the resolution, IVUS has gradually been replaced by OCT which is 
diligently used in the preclinical testing and clinical evaluation of the healing 
responses following coronary device implantation, notably, to evaluate stent tis-
sue coverage, apposition, the natural history of dissections and other acute effects 
of stent implantation, and extent and composition of neoatherosclerosis but also 
with the purpose of revealing the underlying mechanisms in patients with stent 
failure. With respect to edge dissections, these were in a study found to be more 
common in women only for proximal dissections (31 vs. 16 %), where they exhib-
ited more complex features (longer and thicker) than in men [ 17 ]. Predictors 
included a combination of clinical (diabetes, hypertension) and procedural char-
acteristics (stent oversizing) and gender, where it would have been interesting to 
know whether this was related to vessel size. Short- and long-term clinical and 
healing outcomes were not evaluated. 
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 As for the healing following stent implantation, Guagliumi et al. reported that 
women at 9 months following implantation of everolimus-eluting stents in the set-
ting of STEMI had similar strut coverage (~91 %) and amount of in-stent neointimal 
obstruction (10 %) as men, without differences in clinical outcomes at 30-day and 
1-year follow-up [ 10 ]. Until additional reports emerge, these data suggest a similar 
vascular healing response irrespective of gender, supporting for the time being the 
use of established, same interventional treatment in both men and women.   

2.4     Conclusions and Indications 

 Overall, available data from studies using diagnostic imaging tools such as IVUS 
and OCT to assess gender differences in the setting of atherothrombosis and preven-
tion of stent failure are scarce and not entirely consistent, emphasizing the necessity 
of additional studies. Based on the above reviewed and other data, recent revascu-
larization guidelines recommend the use of IVUS (evidence IIa, B) and OCT (evi-
dence IIa, C) in selected patients to optimize stent implantation, and particularly 
with IVUS to assess the severity and optimize treatment of unprotected left main 
lesions (IIa, B). As for the mechanisms of stent failure, these can be evaluated with 
both IVUS and OCT (IIa, C) [ 16 ], and future studies to determine how to individu-
alize treatment based on these fi ndings, as well as the clinical value of using OCT, 
VH-IVUS, and other intracoronary imaging techniques to identify supposedly vul-
nerable lesions, are eagerly awaited.  

2.5     Functional Tests 

2.5.1     Fractional Flow Reserve 

2.5.1.1     Indication 
 Percutaneous coronary intervention (PCI) guided by measurements of the fractional 
fl ow reserve (FFR) has proven superior to PCI guided by angiography alone in 
patients with stable coronary artery disease [ 18 ], and deferral of revascularization in 
patients with FFR > 0.80 is recommended. Current ESC/EACTS guidelines on 
revascularization recommend FFR as a decision-making tool in stable patients with 
borderline stenosis (>50, <90 %) and no previous documentation of ischemia [ 19 ]. 
Several studies found a higher visual-functional mismatch between angiographi-
cally signifi cant stenosis and measured FFR values, in particular among women, 
probably due to smaller body size, left ventricular mass, vessel size, and smaller 
myocardial territory Table  2.2  [ 20 ,  21 ].

2.5.1.2        Technical Issues 
 Before resting measurements, adequate nitrates should be administrated. In addition 
to nitrates, adenosine administrated as intravenous infusion (140 μg/kg/min) is the 
most widely used method of obtaining hyperemia during FFR measurements. 

2 Intracoronary Imaging and Intracoronary Functional Tests



30

Serious side effects are rare, but discomfort related to fl ushing and dyspnea is fre-
quently reported. A single bolus regadenoson, seems to be as effi cient as adenosine 
infusion for inducing hyperemia, and FFR values are comparable [ 22 ]. Gender dif-
ferences have not been reported regarding the tolerance of adenosine or regadeno-
son, but blunted vasodilator response may be seen in patients with endothelial 
impairment or increased vasoconstrictor activity. This microvascular dysfunction 
may be more prevalent in (postmenopausal) women [ 23 ]. Further technical issues of 
the procedure are primarily related to handling of the FFR wire which may be a little 
more challenging in smaller and/or more tortuous coronary arteries. In all wire- 
based methods, manipulation of wire or pressure manifolds during readings should 
be avoided.  

2.5.1.3     Outcomes in Women 
 In general, several studies have found that FFR values are higher in women than in 
men – also after correction for visually assessed stenosis severity. A substudy of the 
FAME study found that an FFR-guided PCI strategy is equally benefi cial in women 
as in men [ 20 ]; however, a registry-based study found a higher risk of death/myo-
cardial infarction among women undergoing FFR-based PCI compared with men, 
and also a higher event rate among women with so-called “gray zone” FFR values 
of 0.75–0.8 where revascularization was deferred [ 24 ]. In general, current guide-
lines on revascularization do not differentiate their treatment recommendations 
based on gender, and the study may, as many other register-based and randomized 
trials, have suffered from poor representation of women [ 16 ]. The discussion, how-
ever, of the optimal cutoff values for identifying lesions for revascularization in 
women is very relevant. In guidelines, FFR values <0.80 is recommended for treat-
ment decision; however, many consider values between 0.75 and 0.80 to be “gray 
zone.” Since women are more likely to have impaired coronary microvascular reac-
tivity as a consequence of more microvascular disease, this may explain the poorer 
reactivity to adenosine and the higher FFR values. The Women’s Ischemia Syndrome 
Evaluation study demonstrated that a poor microvascular response to adenosine was 

   Table 2.2    Diagnostic and clinical utility of fractional fl ow reserve (FFR), coronary fl ow reserve 
(CFR), and index of myocardial resistance (IMR)   

 Modality  Diagnostic and clinical utility 
  FFR   Moderate coronary artery stenosis and no previous evidence of ischemia 

 Serial coronary stenoses (for “spot stenting”) 
 Intermediate left main stenosis 
 Evaluation of residual ischemia post PCI 
 Side branch lesion severity in bifurcations 
 Saphenous vein grafts stenosis severity 
 Nonculprit lesions in ACS 

  CFR   Assessment of coronary vascular function 
 Diagnosis of microvascular angina 

  IMR   Assessment of coronary vascular function 
 Prognostic assessment in acute myocardial infarction 

  Adapted from Colin Berry,  RadcliffeCardiology.com   
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associated with increased risk for major adverse events [ 25 ].Whether optimal medi-
cal therapy aiming at vasodilatation before performing FFR could reduce the prob-
lem has not been investigated. 

 Conclusively, the risk of “false-negative,” above-threshold FFR values may be 
higher in women, since microvascular dysfunction can infl uence adenosine-induced 
hyperemia. Still, FFR is highly recommended for evaluation of borderline stenoses 
in all patients with stable coronary artery disease, but especially in women, the 
treatment threshold of FFR <0.8 should be used.   

2.5.2     Instantaneous Wave-Free Ratio 

 Instantaneous wave-free ratio (iFR) is, like FFR, measured using a pressure wire 
that is placed distal to the suspected stenotic area. Peak coronary fl ow (pressure) is 
measured during diastolic wave-free period and does not require vasodilatation. The 
theory behind is that coronary artery blood fl ow occurs almost entirely during dias-
tole when the cardiac muscle relaxes allowing the capillaries to dilate. Resistance at 
this time is constant. A normal value is 1.0, and values below 0.9 are suggesting a 
fl ow-limiting stenosis [ 26 ]. Discrepancies between stenosis classifi cation between 
FFR and iFR have been reported, and a recent study suggests an iFR-FFR hybrid 
approach where a traditional adenosine-based FFR is performed in patients with 
iFR values <0.9 [ 27 ].  

2.5.3     Coronary Flow Reserve 

 Whereas fractional fl ow reserve addresses the blood fl ow through a specifi c stenosis 
in an epicardial artery, the coronary fl ow reserve represents the maximum increase 
in all blood fl ow through the coronary arteries above the normal resting value. 
Coronary fl ow reserve (CFR) can be detected noninvasively by positron emission 
tomography as well as invasively using a pressure- and temperature-sensitive coro-
nary guidewire. 

2.5.3.1     Indication and Technical Issues 
 The indication for CFR is assessment of coronary vascular function and diagnosis 
of microvascular angina which can be helpful in patients with atypical chest pain 
and no lesion-level ischemia determined by FFR. CFR measurements are based on 
the thermodilution principle and performed using a dedicated wire. Adenosine infu-
sion is used as in the FFR procedure, and the technical considerations are the same.  

2.5.3.2     Outcomes in Women 
 In both genders, a normal CFR is >2.0, and lower values may explain angina symp-
toms due to microvascular dysfunction, especially when FFR >0.80. A decreased 
CFR in patients with an otherwise normal stress test is associated with a markedly 
increased risk among both men and women [ 28 ].    

2 Intracoronary Imaging and Intracoronary Functional Tests



32

2.6     Index of Microvascular Resistance 

 The index of microvascular resistance (IMR) may be indicated for assessment of cor-
onary microvascular function [ 29 ], and smaller studies have also shown that impaired 
IMR is associated with poorer prognosis after an acute myocardial infarction [ 30 ]. 

2.6.1     Technical Issues 

 Several FFR wire systems allow for measuring the FFR, CFR, as well as IMR. As 
CMR, IMR measurements are based on the thermodilution principle and performed 
using a dedicated wire during maximal hyperemia. Wedge and venous pressure are 
needed, but if these variables are not available, the variable FFR cor  are calculated as 
FFR cor  = 1.34 × FFR – 0.32, and then, IMR = P a  × Tmn × FFR cor , where P a  is proxi-
mal artery pressure and Tmn is transit time during hyperemia [ 31 ]. IMR < 20 is 
considered normal, whereas IMR > 30 is elevated and IMR > 40 has been related to 
impaired prognosis after STEMI [ 30 ].  

2.6.2     Outcomes in Women 

 A recent study found IMR to be abnormal in 29 of 139 (21 %) patients (mostly 
women) with angina and apparently normal coronary arteries [ 32 ]. Whether prognosis 
can be improved by reducing IMR, for example, by using vasodilators, has not been 
proved.   

    Conclusion 
 Taken together, FFR is the most validated method for functional evaluation of 
borderline stenosis in both men and women. CFR may be valuable for diagnos-
ing microvascular dysfunction in patients with atypical chest pain and no obvi-
ous obstructive coronary artery disease.     
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3.1           Women in Cardiovascular Clinical Trials 

 It is well known that women with ischemic heart disease (IHD) are older and tend 
to have a greater burden of comorbidities and more functional disability than men; 
it is also established that IHD is less prevalent in premenopausal women, its inci-
dence lagging 10–15 years behind that of men until approximately the seventh 
decade of life. In the Euro Heart Survey of Stable Angina, women with angina pain 
were less likely to undergo an exercise electrocardiogram and less likely to be 
referred for coronary angiography [ 1 ]. Melloni et al. (2010) found similarly low 
rates with sex-specifi c results discussed in only 31 % of the 156 primary trial publi-
cations cited by the American Heart Association’s 2007 women’s prevention guide-
lines [ 2 ]. 

 The enrolment of women in cardiovascular clinical trials funded by the National 
Heart, Lung, and Blood Institute (NHLBI) was 38 % between 1965 and 1998 and 
27 % between 1997 and 2006. Furthermore, only 13 of 19 studies reported gender- 
based outcomes. In the European cardiovascular clinical trials of the same period, 
the proportion of women enrolled varied between 16 and 25 %, although the female 
prevalence of clinical conditions under study in the general population was similar 
to that of men [ 3 ]. Usually, women present with heart disease later in life and older 
patients are often excluded from clinical trials, which may account for the fact that 
women are under-recruited. Of greater relevance is the fi nding that angina in women 
is less likely to be associated with angiographically signifi cant coronary artery ste-
nosis than in men. Moreover, studies reporting sex-specifi c analyses are often con-
ducted post hoc without regard to whether the initial trial was adequately powered 
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for such analyses. Underpowered subgroup analyses can produce false negatives 
and incorrect conclusions, which can lead to the institution of ineffective or even 
harmful treatment strategies in women.  

3.2     Guidelines for Stable Coronary Disease 
Revascularization 

3.2.1     American Heart Association (AHA) Guidelines for Stable 
Coronary Disease Revascularization 2012 (ACCF/AHA/
SCAI) 

 Accumulating evidence suggests that vascular reactivity related to abnormalities in 
microvascular and endothelial function and possibly plaque erosion or distal micro-
embolization contribute to ischemia to a greater extent in women than in men. 
Despite increasing recognition of the risks of worsening IHD and attendant compli-
cations in women, the frequency with which they are prescribed important risk- 
modifying therapies such as statins, aspirin, and beta-blockers after episodes of 
ACS remains signifi cantly lower than among men. In various risk models, the odds 
of in-hospital death after PCI have ranged from 25 to 80 % higher for women than 
for men although this trend might have improved in recent years after the higher 
incidence of diabetes mellitus and hypertension in women is taken into account. 

 The risk of procedural complications also appears to be signifi cantly higher in 
women. Although fewer data on the experience of women after coronary artery bypass 
grafting (CABG) are available, in the New York State registry, the odds of in-hospital 
death for women were twofold higher than for men. On the basis of these observations, 
the initial approach to therapy for women with SIHD should be to prescribe a full regi-
men of GDMT and to reserve consideration of revascularization for patients who do not 
obtain a satisfactory response or who experience unacceptable adverse effects. On the 
basis of the higher risk associated with PCI in women, it might be reasonable to adopt a 
more conservative approach in undertaking this procedure than in men, although the 
general principle of using revascularization in patients whose symptoms are refractory 
to medical therapy and who are not satisfi ed with their current level of angina persists. 

 The 2012 ACCF/AHA/SCAI PCI guidelines for SIHD give a class I indication 
for revascularization to improve survival compared with medical therapy alone only 
for survivors of sudden cardiac death with presumed ischemia-mediated ventricular 
tachycardia, CABG surgery in patients with unprotected left main disease, CABG 
for three-vessel disease with or without proximal left anterior descending (LAD) 
artery disease, and CABG for two-vessel disease with proximal LAD disease [ 4 ].  

3.2.2     European Society of Cardiology (ECS) Guidelines 
for Revascularization 2014 

 Nevertheless, CVD is responsible for 42 % of premature deaths in women under the 
age of 75 and for a high proportion of lost disability-adjusted life years, in particular 
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in low- and lower-middle income countries. CVD guidelines in general are based on 
research conducted primarily in men, the mean percentage of women enrolled in 
clinical trials since 2006 being 30 %. In the future, objective demonstration of 
microvessel disease may identify a group at increased risk that requires more inten-
sive pharmacological treatment to improve prognosis. Compared with men, women 
have higher rates of procedural complications, including mortality, stroke, and vas-
cular complications. Women also have higher complication rates following CABG 
but, although the numbers of women included in trials are limited, results do not 
indicate gender-related differences in outcome. Pharmacological management rec-
ommendations are similar in men and women. The gender-based difference in 
revascularization complication rates seems to be greatest among younger women 
[ 5 ]. 

 The 2007 ESC Guidelines on NSTE-ACS recommend that women be evaluated 
and treated similarly to men. The 2008 guidelines on acute myocardial infarction 
did not include specifi c gender-related recommendations [ 3 ]. According to AHA 
and ESC guidelines for stable coronary artery disease and revascularization, inter-
ventional treatment should be implemented similarly in women and men alike. 
However, operators should keep in mind that there may be a higher probability of 
complications associated with interventional treatment of coronary artery disease in 
women. 

 The heart team synergy is potentially even more important in women due to their 
age, comorbidities, and rate of complications. 

 The heart team is a multidisciplinary team composed of an interventional cardi-
ologist and a cardiac surgeon who jointly (1) review the patient’s medical condition 
and coronary anatomy, (2) determine that PCI and/or CABG are technically feasible 
and reasonable, and (3) discuss revascularization options with the patient before a 
treatment strategy is selected [ 6 ].   

3.3     Management of Coronary Artery Disease in Woman 

 The treatment of stable angina has two major purposes. The fi rst is to prevent myo-
cardial infarction (MI) and death and thereby increase the quantity of life. The sec-
ond is to reduce symptoms of angina and occurrence of ischemia, which should 
improve the quality of life. All patients with stable angina are candidates for optimal 
medical therapy and may be candidates for revascularization with PCI or CABG 
based on fi ndings from coronary angiography and if symptoms persist despite opti-
mal medical therapy. Among women with symptoms of myocardial ischemia who 
have been demonstrated to have angiographically nonobstructive CAD, the progno-
sis was initially felt to be benign. However, more recent data have shown that the 
prognosis is not benign and the risk of cardiovascular events is higher than it is for 
asymptomatic women [ 7 ]. Not only diagnostic evaluation of women may be mis-
leading but also the appropriate treatment selection can be diffi cult. It was already 
recognized in 1991 that women suffering from CAD had less chances to be intro-
duced either in coronary angiography or percutaneous coronary intervention (15.4 % 
of women vs. 27.3 % of men,  P  < 0.001). Symptomatic women in the WISE study 
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with nonobstructive CAD (lesion stenosis 1–49 %) had a CAD event rate of 16 % 
versus only 7.9 % in women with no CAD and only 2.4 % in asymptomatic age- and 
race-matched control subjects [ 8 ].  

3.4     Coronary Artery Revascularization 

 The mortality risk associated with the procedure in SCAD is 0.5 %. The effi cacy of 
PCI in SCAD in comparison to medical therapy and CABG has been the subject of 
extensive evaluation. Revascularization by PCI or CABG more effectively relieves 
angina, reduces the use of anti-angina drugs, and improves exercise capacity and 
quality of life, compared with a strategy of medical therapy alone. Usually female 
patients with CVD tend to have a higher risk profi le by the time they are referred for 
PCI. They are often older with more comorbidity, including diabetes and hyperten-
sion. It is important to consider that the best current revascularization results 
achieved with PCI are with new-generation drug-eluting stents (DES) and for 
CABG with maximal use of arterial grafts. Revascularization, by either PCI or 
CABG, may be indicated in fl ow-limiting coronary stenosis to reduce myocardial 
ischemia and its adverse clinical manifestations [ 5 ]. Revascularization procedures 
improve outcomes in women with unstable angina, signifi cant angina interfering 
with lifestyle despite maximal medical therapy, and those with high-risk fi ndings on 
noninvasive testing. Coronary artery bypass surgery should be considered in patients 
with signifi cant left main coronary artery stenosis; three-vessel disease, especially 
with left ventricular dysfunction; and two-vessel disease that includes a stenosis of 
more than 75 % in the proximal left anterior descending artery and is accompanied 
by abnormal left ventricular function. Women who undergo coronary artery bypass 
surgery have more cardiac risk factors than men and are also more likely to experi-
ence complications such as death, heart failure, bleeding, and infarction [ 9 ].  

3.5     Percutaneous Coronary Intervention in Women 

 Bare-metal stents (BMS) are associated with a 20–30 % rate of recurrence of angio-
graphic stenosis within 6–9 months after implantation. Drug-eluting stents (DES) 
reduce the incidence of angiographic restenosis and ischemia-driven repeat revascu-
larization. DES is recommended in both gender SCAD patients undergoing stenting 
if there is no contraindication to prolonged dual antiplatelet therapy (DAPT) (Class 
A, Level I recommendation 2013) [ 10 ]. One of the fi rst studies comparing the 
impact of PCI with BMS implantation between females and males revealed that 
women had 50 % more chance of death in comparison to men after adjustment for 
age, comorbidities, and extent of coronary atherosclerosis. However, in the same 
analysis, after fi nal adjustment for body surface area, mortality rates were similar 
between the two genders, although a slightly increased rate of stroke, vascular com-
plications, and repeat in-hospital revascularization was observed in women [ 11 ]. 
Similar results were reported in a retrospective analysis from Mayo Clinic 
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investigating 18,885 consecutive patients who underwent PCI between 1979 and 
1995 (early group) and between 1996 and 2004 (late group). The results indicated 
no difference in terms of 30-d and 1-year mortality, while after adjustment for base-
line risk factors, again there was no difference observed in short- or long-term mor-
tality between the two genders [ 12 ]. These were earlier fi rst studies, but in latest 
trials gender gap has narrowed with time since the stenting era, and more recent 
studies have failed to show any differences in post-PCI outcomes between both 
genders [ 13 ]. Several recent trials have specifi cally examined drug-eluting stent 
placement in men and women and, overall, have found similar outcomes for genders 
after stent placement [ 14 ]. 

 The risk of adverse events during and after PCI is greater in women than in men, 
although the success rate is similar, as well as the effects of antithrombotic agents. 
Despite less favorable baseline clinical and angiographic features in women com-
pared with men, the angiographic and clinical benefi ts of PCI were more substantial 
when using DES. However, in European registries, fewer women than men are 
treated with percutaneous or surgical revascularization, clopidogrel, and GP IIb/IIIa 
inhibitors. More adverse events with GP IIb/IIIa inhibitors have been reported in 
women. Indeed, women experience more bleeding than men independently of the 
type of treatment. Bleeding complications at the point of vascular puncture, hema-
tomas, and retroperitoneal bleedings are decreased in the current era. Data available 
in the literature have shown that women still continue to be at 1.5–4 times greater 
risk for bleeding in comparison to men. In addition, radial approach was related 
with a lower rate of minor bleeding. These favorable results indicate that the radial 
approach during PCI in women is safer in terms of bleeding, even though there are 
more diffi culties to initiate the procedure through this particular access site. The 
latest (on) registry-based randomized trial SAFE-PCI for Women was carried out to 
compare radial vs. femoral approaches in women undergoing PCI. The aim of the 
study was to determine the effect of radial access on procedural outcomes (bleeding 
(Bleeding Academic Research Consortium BARC type 2, 3, or 5) or vascular com-
plication rate). The trial was stopped early due to a lower than expected event rate. 
A total of 1787 women (691 undergoing PCI) were randomized at 60 sites. There 
was no signifi cant difference in the primary effi cacy endpoint between radial or 
femoral access among women undergoing PCI (radial 1.2 vs. 2.9 % femoral, odds 
ratio [OR]: 0.39; 95 % confi dence interval [CI]: 0.12–1.27). In this pragmatic trial, 
which was terminated early, the radial approach did not signifi cantly reduce bleed-
ing or vascular complications in women undergoing PCI. This is mainly due to 
introduction of less aggressive anticoagulant regimens, adjustment of heparin dose 
according to body mass index, smaller size catheters, and better closure devices 
[ 15 ]. 

 Once the indication to interventional treatment is established, and when more 
information is needed, intravascular ultrasound (IVUS) is far superior to fractional 
fl ow reserve (FFR) because it provides an anatomical characterization of the lesion 
in terms of vessel size and plaque composition and can control stent expansion and 
strut apposition. We suggest that IVUS should be used more frequently for percuta-
neous revascularization in women, because of different plaque characteristics, 
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vessel sizes, and anatomy. IVUS can provide additional information enabling oper-
ators to choose correct stent diameters and lengths, but it should be used cautiously 
because women’s coronary arteries are usually more calcifi ed and tortuous. A retro-
spective cohort study from Rotterdam, that analyzed RESEARCH and T-SEARCH 
registries with 4936 patients (28.2 % woman) who underwent PCIs between 2000 
and 2004 before and after introduction of DES, investigated the outcomes of 
sirolimus- eluting stents, paclitaxel-eluting stents, and BMS in women. In this study, 
even though women had worse baseline characteristics compared to men, no differ-
ences in 3-year outcomes were detected between males and females. The procedural 
complexity was higher in the DES era; nevertheless, risks for target vessel revascu-
larization and major adverse cardiac event at 3 years were signifi cantly lower in 
women treated with DES than in women treated with BMS [ 16 ]. 

 Abbott et al. [ 17 ] published data from NHLBI registry data and analyzed gender- 
specifi c in-hospital and 1-year outcomes after PCI with DES. There were no gender- 
related differences in in-hospital myocardial infarction, coronary artery bypass 
grafting, and death in those treated with BMSs or DESs. Antiplatelet use and stent 
thrombosis (1.3 % of women vs. 1.2 % of men,  p  = 0.85) were similar at 1 year with 
DESs. At 1 year, patients with DESs had a lower rate of repeat PCI (14.1 % in 
women vs. 9.5 %,  p  = 0.02; 12.0 % in men vs. 8.8 %,  p  = 0.02). Adjusted 1-year out-
comes in patients with BMSs and DESs, including death and myocardial infarction, 
were independent of gender. Use of DESs was the only factor, other than age, that 
conferred a lower risk for the need for repeat PCI in women (relative risk 0.61, 95 % 
confi dence interval 0.41–0.89,  p  = 0.01) and men (relative risk 0.68, 95 % confi -
dence interval 0.51–0.91,  p  = 0.001) This study shows that women with stable 
angina receiving interventional treatment with stents have better results with DES. 

 New-generation DES, with thin strut stent platforms, biocompatible durable or 
biodegradable polymers and limus-based antiproliferative agents, have further 
advanced effi cacy and safety compared with early-generation DES and 
BMS. Compared with early-generation DES, repeat revascularization was reduced 
by 10–20 % A recent meta-analysis published in The Lancet by Stefanini et al. [ 18 ] 
included 43,904 patients (26.3 % women) from 26 randomized trials and assessed 
the safety and effi cacy of DES compared with BMS in women. The use of DES was 
associated with a signifi cant reduction in the 3-year rates of target lesion revascular-
ization (197 [18.6 %] women in the bare-metal stent group, 294 [7.8 %] in the early- 
generation DES group, and 330 [6.3 %] in the newer-generation DES group, 
 p  < 0.0001) (Fig.  3.1 ). The study showed that DES implantation in women was more 
effective and safe than BMS implantation during long-term follow-up. Furthermore, 
it was observed that second- and third-generation DES were associated with an 
improved safety profi le compared with early-generation DES. These results suggest 
that women undergoing PCI may benefi t more when DES and especially newer- 
generation DES are used. This meta-analysis showed that newer-generation DES 
should be selected as the standard of care for women undergoing coronary 
revascularization.

   According to the 2012 guidelines of the American College of Cardiology–
American Heart Association for percutaneous coronary interventions, use of 
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drug- eluting stents has a class IA recommendation for patients undergoing elective 
percutaneous revascularization who are able to adhere to a prolonged regimen of 
dual antiplatelet therapy (DAPT). However, the 2014 ESC guidelines for revascu-
larization recommend DAPT for 6 months after DES implantation (class IB). More 
details in this regard are given in Chap.   6     of this book. The risk of stent thrombosis 
has become exceedingly low and no longer represents a limitation to the use of 
drug-eluting stents [ 19 ]. 

 Lesion length remains a predictor of target lesion revascularization and results of 
long lesion stenting remain poor. The ADVANCE study was the fi rst to demonstrate 
that stenting in long lesions (>40 mm) was associated with higher MACE rates. 
Sirolimus-eluting stents (SES) have been shown to yield superior results to 
paclitaxel- eluting stents in most, but not all studies. At 9-months and 1-year, out-
comes of Biolimus biodegradable polymer (BES) and sirolimus permanent polymer 
stents (SES) in long lesions (>20 mm) appear similar with respect to MACE in long 
lesions in this “all-comer” patient population (1707 patients) included in the 
LEADERS sub-study. However, long lesions tended to have a higher rate of binary 
in-segment restenosis and target lesion revascularization (TLR) following BES than 
SES treatment. Similar results for BES and SES have been observed in small diam-
eter vessels (<2.75 mm). There were no differences in MACE and TLR rates for 
both stent types [ 20 ]. 

 The Clinical Outcomes Utilizing Revascularization and Aggressive Drug 
Evaluation (COURAGE) trial published in 2007 and the Bypass Angioplasty 
Revascularization Investigation 2 Diabetes (BARI 2D) trial published in 2009 failed 
to show a benefi t of PCI over optimal medical therapy for the prevention of death or 
MI in patients with SIHD. Data from the COURAGE trial suggest that the benefi ts 
of optimal medicament therapy (OMT) alone in comparison with OMT plus PCI 
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  Fig. 3.1    Cumulative event rates of target lesion revascularization during 3-years of follow-up 
(From Stefanini et al. [ 18 ])       
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were similar for men and women. Moreover, the outcomes of revascularization 
appeared to be less favorable among women than men although very few women 
were enrolled in COURAGE (15 % of patients).  

3.6     Coronary Artery Bypass Grafting 

 Women who undergo coronary artery bypass grafting (CABG) are less likely to 
receive a mammary graft and have more incomplete revascularization, greater bleed-
ing, and mortality compared with men. Regarding endovascular and surgical treat-
ment of CAD, intervention in women has some distinct features. Fisher LD et al. in 
1982 published data from the Coronary Artery Surgery Study (CASS). They studied 
association of sex, physical size, and operative mortality after coronary artery bypass 
in the Coronary Artery Surgery Study (CASS). The study showed that women after 
coronary artery bypass surgery (CABG) had a 4.5 % mortality compared with 1.9 % 
in men with shorter graft durability, lesser degree of symptom improvement in the 
postoperative period, frequent postoperative myocardial infarction, more frequent 
heart failure occurrence, and were more likely to require reoperation within 5 years 
after CABG. The study investigators concluded that physical size of the patient, 
including coronary artery diameter, helps predict operative mortality even after 
adjusting for differences in risk predicted by the basic variables and gender. However, 
patient’s gender is not statistically signifi cantly related to the risk of surgical death 
given the information available from clinical and angiographic variables and from 
knowledge of patient size. The explanation for the excess risk associated with coro-
nary artery operations in women in this study was the smaller stature and the smaller 
diameter of the coronary arteries in this group of patients [ 21 ]. Abramov et al. [ 22 ] 
published data showing that women have a higher risk of morbidity and mortality 
and experience less relief from angina than do men after CABG, despite accounting 
for less than 30 % of the CABG population. Interestingly, this sex discrepancy 
appears to be reduced when an off-pump CABG is performed [ 23 ]. 

 These fi rst trial results raised the issue of CABG safety in women and initiated the 
conduction of several newer trials. Studies were carried out to evaluate short- and 
long-term mortality in women who undergo coronary artery bypass grafting (CABG). 
Results for these were confl icting. Recently, investigators conducted a meta-analysis 
of all existing studies to evaluate the impact of female gender on mortality in patients 
who undergo isolated CABG. A comprehensive search of studies published through 
May 31, 2012 identifi ed 20 studies comparing men and women who underwent iso-
lated CABG. All-cause mortality was evaluated at short- term (postoperative period 
and/or at 30 days), midterm (1-year), and long-term (5-year) follow-up. A total of 
966,492 patients (688,709 men [71 %] and 277,783 women [29 %]) were included in 
this meta-analysis. Women were more likely to be older; had signifi cantly greater 
comorbidities, including hypertension, diabetes mellitus, hyperlipidemia, unstable 
angina, congestive heart failure, and peripheral vascular disease; and were more 
likely to undergo urgent CABG (51 vs. 44 %,  p  <0.01). Short-term mortality (OR 
1.77, 95 % CI 1.67–1.88) was signifi cantly higher in women (Fig.  3.2 ).
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   At midterm and long-term follow-up, mortality remained high in women com-
pared with men (Figs.  3.3  and  3.4 ).

    Women remained at increased risk for short-term mortality in two subgroup 
analyses including prospective studies ( n  = 41,500, OR 1.83, 95 % CI 1.59–2.12) 
and propensity score-matched studies ( n  = 11,522, OR 1.36, 95 % CI 1.04–1.78). In 
conclusion, investigators observed that women who underwent isolated CABG 
experienced higher mortality at short-term, midterm, and long-term follow-up 
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Edwards 1998 4388 97153 6465 247760 21.5 % 1.77 [1.70, 1.84] 1998
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Hassan 2005 26 893 55 2511 1.5 % 1.34 [0.83, 2.15] 2005
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  Fig. 3.2    Association of female gender with short-term mortality (composite of postoperative or 
30-day mortality) (From Alam et al. [ 24 ])       
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  Fig. 3.3    Association of female gender with midterm (1-year) mortality (From Alam et al. [ 24 ])       
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compared with men. Mortality remained independently associated with female gen-
der despite propensity score-matched analysis of outcomes [ 24 ]. Several explana-
tions for this observation have been proposed such as the delayed reference of 
women to CABG when CAD extends to a greater degree, the smaller size of women 
coronary vessels that creates technical issues to the surgeon, or fi nally the limited 
use of left internal mammary artery in women [ 11 ]. 

 Arterial Revascularization Therapies Study Part I (ARTS I) was one of the stud-
ies which compared gender-related differences following coronary revasculariza-
tion procedures (CABG and PCI with BMS). The study demonstrated that for a total 
of  n  = 1205 patients included in time from 1997 to 1998, there was no signifi cant 
difference in terms of death, stroke, or myocardial infarction between the two gen-
ders. However, stenting was associated to a greater need for repeated revasculariza-
tion. There was a similar early- and long-term outcome between female and male 
subjects. The only difference observed was an increased risk of bleeding complica-
tions in women treated with PCI. In both genders of the ARTS I population, treat-
ment with CABG was associated with a lower incidence of MACCE (death, CVA, 
MI, CABG, RPCI) compared to PCI at 5 years. Vaina et al. [ 25 ] published data of a 
multicenter nonrandomized open label study, Arterial Revascularization Therapies 
Study Part II (ARTS II), that was designed to evaluate the outcomes of sirolimus- 
eluting stent implantation in comparison to BMS implantation and CABG in 
patients with multivessel CAD from ARTS I. In ARTS II were included a total of 
 n  = 605 patients during year 2003. The study showed that the overall MACCE rate 
at 1 year was similar to that of the ARTS I – CABG arm and signifi cantly reduced 
when compared to the ARTS I – PCI arm (Fig.  3.5 ). Additionally, it was observed 
that both genders had a more favorable clinical outcome with sirolimus-eluting 
stents compared with BMS but similar to CABG. These results could potentially 
institute PCI as the fi rst choice treatment in women with multivessel disease.

   Mansur et al. [ 26 ] published another study – a post hoc analysis from randomized 
MASS II study with 10 years follow-up data for 188 women with chronic stable 
multivessel coronary artery disease who underwent medical treatment, percutaneous 
coronary intervention, or coronary artery bypass graft surgery. Patients were enrolled 
between May 1995 and May 2000. The primary end points of the study were the 
incidence of total mortality, Q-wave myocardial infarction, or refractory angina. 
Sub-study results showed that women treated with percutaneous coronary interven-
tion and medical treatment had more primary events than those treated with coronary 
artery bypass graft surgery: 34 %, 44 %, and 22 %, respectively ( P  = 0.003). Survival 
rates at 10 years were 72 % for coronary artery bypass graft surgery, 72 % for percu-
taneous coronary intervention, and 56 % for medical treatment ( P  = 0.156). Regarding 
death, a protective effect was observed with percutaneous coronary intervention 
compared with medical treatment [HR = 0.44 (95 % CI: 0.21–0.90);  P  = 0.025] but no 
differences between coronary artery bypass graft surgery and percutaneous coronary 
intervention. In conclusion, PCI and CABG compared with medical treatment had 
better results after 10 years of follow-up. Nevertheless, recent studies have shown 
that this gender gap of higher mortality after PCI and CAGB is narrowing. The latest 
meta-analysis, however, showed, that there are still differences between genders in 
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CABG revascularization and that we should not treat all patients according to a uni-
form standard of care, especially women with CAD and comorbidities. We recom-
mend that this patient group with angiographically proven CAD should be managed 
very carefully and we believe that probably one of the best treatments could be coro-
nary angioplasty with implantation of newest-generation DES and intravascular 
imaging guided procedure. The coronary revascularization technique, either PCI or 
CABG in three-vessel disease with low ejection fraction, should be discussed jointly 
by the heart team. 

   Conclusion 

 Ischemic heart disease is a different disease in women and is strongly dependent 
upon stage of life. Dedicated randomized control data on women with chest pain 
and CAD are currently lacking; further research in this area is needed. Women 
are undertreated both medically and procedurally with respect to current guide-
lines. They are less likely to receive referrals to cardiologists by primary care 
providers. When medically treated, women have more disability, lower quality of 
life, and poorer outcomes. This is partially due to bias in evaluation and treat-
ment but, to an even greater extent, because of innate biological differences 
between men and women not yet fully appreciated [ 27 ]. Women undergoing 
percutaneous revascularization benefi t more from newest-generation DES than 
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BMS. Newest stents have thinner struts and easier deliverability in tortuous, 
small diameter vessels with good long-term outcomes for target lesion revascu-
larization. Degradable polymers DES allow shortened treatment duration after 
stenting, which reduces the risk of bleeding complications in patients with 
comorbidities. We believe that guidance using imaging methods such as IVUS 
and OCT during PCI should help enhance the quality of PCI outcomes and pre-
vent operators from selecting stents which are too small. Furthermore, assess-
ment of lesions by FFR or instantaneous wave-free ratio (iFR) can help to 
identify target lesions especially in patients with multivessel disease. The deci-
sion to perform CABG in women should be carefully made by the heart team in 
order to ensure optimal long-term outcomes and provide the patients with a bet-
ter quality of life. For PCI, puncture sites should be chosen according to PCI 
strategy and guiding catheter sizes, given that women’s radial arteries are smaller 
and are more frequently subject to radial spasm. In addition to revascularization, 
women should be treated with OMT to achieve good angina-symptom-free 
results.      
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  4      Interventional Treatment of Acute 
Coronary Syndrome (ACS): Non-ST 
Elevation ACS (NSTE-ACS)                     

     Piera     Capranzano     

4.1          Introduction 

 Cardiovascular disease, of which coronary artery disease (CAD) is the prevalent 
manifestation, is the most common cause of death for both genders in industrial-
ized countries; women develop CAD nearly a decade later in life. Across the entire 
spectrum of CAD, acute coronary syndromes (ACSs), characterized by acute 
plaque rupture or erosion with sudden coronary blood fl ow impairment, are associ-
ated with the highest rates of adverse clinical events. Among ACSs, the non-ST 
elevation ACS (NSTE-ACS), including non-ST elevation MI (NSTEMI) or unsta-
ble angina, is more frequent than ST elevation acute myocardial infarction 
(STEMI). While hospital mortality is higher in patients with STEMI than among 
those with NSTE- ACS, at 6 months, the mortality rates are similarly high in both 
clinical conditions and are higher among patients with NSTE-ACS at longer-term 
follow-up, most likely due to the more widely heterogeneous and worse overall 
risk profi le of patients with NSTE-ACS. These latter epidemiological data suggest 
the need for defi ning optimal acute and chronic treatment strategies for 
NSTE-ACS. 

 Recent temporal trends show declining of short- and long-term mortality after 
an ACS, but some reports suggest less effective reduction in women [ 1 ]. In addi-
tion, previous studies demonstrated that women with ACSs have higher mortality 
compared with men. Ongoing debates are focusing on whether gender-specifi c dif-
ferences exist in diagnosis, clinical course, management, and response to treatment 
of all spectrums of CAD presentations and the extent to which these differences 
can impact on overall clinical approach and on the relative prognosis of both 
genders. 
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 This chapter describes current recommended treatments for NSTE-ACS, with a 
special focus on issues regarding specifi c disease features, outcomes, and manage-
ment of women.  

4.2     Specific Features of Women with NSTE-ACS 

 Women present more frequently with NSTE-ACS and less frequently with 
STEMI compared with men. Atypical chest pain or presentations, including 
dyspnea, vasovagal symptoms, or symptoms of heart failure (HF), are more 
common in women presenting with NSTE-ACS. Absent or atypical chest pain 
leads to underrecognition and undertreatment of the disease [ 1 ], especially 
when the ECG is normal or nearly normal or when the ECG is abnormal at base-
line. Of note, women around 55 years of age are an important subset with missed 
ACS diagnosis in the emergency department. Several studies have reported that 
men with ACS are more likely to have ruptured plaques, whereas women were 
more likely to present with plaque erosion, suggesting that the mechanism of 
ACS development in men and women may differ. Patients presenting with 
plaque erosions are more likely to have a longer indolent period of ischemia as 
opposed to those with ruptured plaques who present more suddenly. This may 
partly explain why women with ACS present later than men and with typical or 
atypical angina symptoms rather than a clear-cut ACS. 

 Women presenting with NSTE-ACS are older than men and have a higher 
frequency of diabetes, hypertension, HF, and other comorbidities. Despite being 
older and having higher prevalence of most CAD risk factors than men, women 
with NSTE-ACS are more likely than men to have nonobstructive CAD on angi-
ography. There are many potential explanations for NSTEMI without evidence 
of obstructive CAD at angiography, including plaque rupture with angiographic 
underestimation of the true burden of CAD, microvascular dysfunction, or coro-
nary spasm. Additional explanations may include noncoronary causes leading to 
symptoms and/or troponin elevation that may be confused with ACS, such as 
HF, uncontrolled hypertension, arrhythmias, and pulmonary embolism. 

 A sex-based analysis from the PROSPECT study demonstrated that women 
presenting with ACS have less extensive CAD by both angiographic and IVUS 
assessments, as evidenced by fewer and more focal non-culprit lesions and 
fewer vessels with angiographic non-culprit lesions compared with men even 
after multivariable adjustment for age and risk factors [ 2 ]. Moreover, this latter 
analysis showed that non-culprit lesions in women who have less necrotic core 
volume are less prone to rupture and have similar plaque burden per lesion; 
however, other observed higher- risk plaque characteristics of women including 
less calcium, smaller lumen areas, greater proportion of minimal lumen 
area ≤ 4 mm 2 , and signifi cantly less total fi brous volume may explain the similar 
cardiovascular event rates during 3 years of follow-up, despite women having 
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less extensive coronary atherosclerosis. Of note, the between-sexes differences 
in the ACS pathophysiology, which were observed in the PROSPECT subanaly-
sis, appeared to balance out with no impact on culprit- or non-culprit-related 
clinical outcomes [ 2 ].  

4.3     Prognosis of Women with NSTE-ACS 

 A signifi cant gender by type of ACS interaction has been demonstrated. Indeed, 
in STEMI, the 30-day mortality was higher among women, whereas in NSTEMI, 
mortality was lower among women [ 3 ]. In a recent analysis of trends in gender 
differences in cardiac care and outcome after an acute myocardial infarction 
(MI) from the RIKS-HIA (Register of Information and Knowledge About 
Swedish Heart Intensive Care Admissions) registry, women as a group have 
better-adjusted prognosis than men after acute MI; however, younger women 
and women with STEMI have disproportionately poor prognosis [ 1 ]. The lower 
mortality risk of women with NSTEMI may be due to the higher proportion of 
women with nonobstructive CAD regardless of ACS type, as demonstrated in a 
cohort of 35,128 patients with angiographic data. In this latter analysis, after 
additional adjustment for angiographic disease severity, 30-day mortality among 
women was not signifi cantly different than men, regardless of ACS type [ 3 ]. 
Moreover, the relationship between sex and 30-day mortality was similar across 
the levels of angiographic disease severity [ 3 ]. 

 Despite presenting with higher-risk characteristics and having higher in-hos-
pital risk and similar mortality than men when adjusting for risk profi le, women 
with NSTE-ACS are treated less aggressively than men [ 4 ]. One perceived 
obstacle in treating women, especially those older, might be related to an 
increased incidence of bleeding [ 5 ]. Indeed, despite reductions in bleeding 
events over time, female sex remained a strong independent predictor of bleed-
ing and vascular complications. The risk of bleeding complications can be 
assessed using integer scoring systems involving clinical variables associated 
with a heightened risk. Although the use of scores goes beyond sex in providing 
an overall estimation of bleeding risk, common to all scores is the independent 
association between female sex and risk of bleeding complications. Clinical fac-
tors, such as older age, renal failure, cardiogenic shock, and use of larger 
sheaths, have been specifi cally identifi ed as predictors of risk in women. 
However, the female propensity for bleeding persists beyond these risk factors. 
Indeed, while the sex-specifi c risk of increased cardiovascular events persists 
after adjustment for comorbidities, the association between bleeding and female 
sex persists after adjustment for confounding clinical factors. Sex-specifi c 
mechanisms surrounding body mass index, access vessel anatomy, platelet-ves-
sel biology, and percutaneous coronary intervention (PCI)-related pharmaco-
therapy may play a role [ 5 ]. 
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 The observed higher rates of access site bleeding among women set the ratio-
nale for the Study of Access Site for Enhancement of PCI for Women (SAFE-
PCI) trial, in which women were randomized to undergoing radial or femoral 
access coronary angiography and if required PCI [ 6 ]. The study was stopped 
early due to a lower- than- expected event rate. Among the 1787 women enrolled 
(> 50 % presented with NSTE-ACS) and 691 undergoing PCI, there was no sig-
nifi cant difference in bleeding or vascular complications (primary endpoint) 
between radial and femoral access among those undergoing PCI (radial 1.2 % vs. 
2.9 % femoral,  p  = 0.12), while in the overall cohort of women undergoing coro-
nary angiography, a benefi t associated with the radial access was detected (0.6 % 
radial vs. 1.7 % femoral;  p  = 0.03).  

4.4     Management of NSTE-ACS 

 The fi rst step of NSTE-ACS management is assessment of acute risk, which drives 
the selection of the site of care and treatment, including antithrombotic treatment 
and timing of coronary angiography. The indication and optimal timing for an inva-
sive approach are mostly based on overall clinical presentation and several risk 
factors. Indeed, a routine invasive strategy compared with a selective invasive strat-
egy in NSTE-ACS has been shown to decrease mortality, recurrent ACS episodes, 
subsequent rehospitalization, and revascularization. Moreover, large meta-analyses 
have shown that the benefi t of a routine invasive strategy was confi ned to biomarker- 
positive patients and was more pronounced in high-risk patients. Thus, the results of 
trials and meta-analyses support the broad implementation of a routine invasive 
strategy and highlight the role of risk stratifi cation in the decision process. With 
regard to the optimal timing of the invasive approach in NSTE-ACS patients, avail-
able data indicate that an early as opposed to a delayed invasive strategy is safe and 
associated with a lower risk of refractory symptoms and a shorter hospitalization. 
Also the optimal timing of coronary angiography and revascularization should be 
guided by individualized risk stratifi cation. Recommended indications for the inva-
sive (urgent, early, or delayed) and conservative strategies for the treatment of 
NSTE-ACS according to risk stratifi cation are illustrated in Fig.  4.1 . It is recom-
mended that patients at very high risk with at least one very high-risk criterion 
undergo an urgent invasive strategy (within 2 h). In patients at high risk with at least 
one high-risk criterion, an early invasive strategy (within 24 h) is recommended. In 
patients with at least one intermediate-risk criterion, the coronary angiography may 
be delayed up to 72 h from admission [ 7 ,  8 ]. Finally, in low-risk patients, a conser-
vative is recommended, and decision for an invasive strategy is guided by a nonin-
vasive stress test (preferably with imaging) for inducible ischemia. Besides risk 
factors indicated in Fig.  4.1 , also comorbidities, frailty, cognitive status, and esti-
mated life expectancy have to be assessed when deciding the invasive approach for 
NSTE-ACS.

P. Capranzano



55

   Coronary angiography has a central role in the management of patients with 
NSTE-ACS, as it helps clinicians in the diagnosis of ACS related to obstructive 
epicardial CAD and thus stratifying the patient’s short- and long-term risk and guid-
ing the long-term medical treatment, avoiding, for instance, unnecessary exposure 
to antithrombotic agents. Angiographic patterns of CAD in NSTE-ACS patients are 
widely heterogeneous, ranging from normal epicardial coronary arteries to a 
severely and diffusely diseased coronary artery tree. Up to 20 % of patients with 
NSTE-ACS have no lesions or nonobstructive lesions of epicardial coronary arter-
ies, while among patients with obstructive CAD, half to two thirds of patients have 
multivessel disease. 

 The indication and timing of myocardial revascularization are based on the 
same factors, which drive also the selection of an invasive approach, and on the 
functional and anatomic severity of CAD. The selection of the revascularization 
modality, PCI, or coronary artery bypass grafting (CABG) is based on the 
assessment of risk features specifi c to each revascularization strategy and on the 
angiographic pattern of CAD. No contemporary trials comparing PCI with 
CABG in patients with NSTE- ACS and multivessel CAD are available. 
Moreover, in NSTE-ACS trials comparing an early with a delayed invasive 
strategy, or a routine invasive with a selective invasive strategy, the decision to 
perform PCI or CABG was left to the discretion of the operator. Retrospective 
subanalysis and meta-analysis comparing CABG versus PCI for the treatment of 
NSTE-ACS have shown similar long-term mortality, lower stroke, and higher 
need for repeat revascularization with PCI. To guide the choice of revasculariza-
tion modality among stabilized patients with NSTE-ACS, including those 

Urgent
invasive 

< 2 h

Early invasive

< 24 h

Delayed
invasive

< 72 h

Conservative

Very-high-risk criteria:

   Severe heart failure or
    haemodynamic
    instability 
   Life-threatening
    ventricular arrhytmias
   Mechanical
    complications of MI
  Recurrent dynamic
   ST-or T-wave changes,
   with intermittent ST
   elevation 

High-risk criteria:
   GRACE > 140

   Relevantrise or fall in
    troponin 

   Dynamic ST-or T-wave
   changes (symptomatic
   or silent) 

Intermediate-risk
criteria:

   GRACE > 109  and
    < 140

   Diabetes mellitus

   CKD

   LVEF < 40 % 

   Early post MI angina

   Prior PCI

   Prior CABG

   No recurrent
    symptoms

AND

   No mentioned risk
    criteria 

   Refractory angina

  Fig. 4.1    Recommended indications for the invasive and conservative strategies for the treatment 
of NSTE-ACS according to risk stratifi cation ( MI  myocardial infarction,  CKD  chronic kidney 
disease,  LVEF  left ventricular ejection fraction,  PCI  percutaneous coronary intervention,  CABG  
coronary artery bypass grafting)       
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undergoing ad hoc PCI of the culprit lesion, it is reasonable to use the criteria 
applied in patients with stable CAD. 

 Finally, there is a lack of prospective randomized studies assessing the type, 
complete versus incomplete, and timing, simultaneous versus staged, of percu-
taneous revascularization in NSTE-ACS. A complete revascularization of sig-
nifi cant lesions should be pursued in multivessel disease patients with 
NSTE-ACS as multiple PCI and NSTE-ACS trials have shown a detrimental 
prognostic effect of incomplete revascularization, although unmeasured con-
founding factors in these retrospective studies cannot be excluded. Nevertheless, 
the need for complete revascularization has to be tailored to age, overall patient 
clinical status, and comorbidities. The decision to treat all the signifi cant lesions 
in the same or staged PCI procedures should be based on clinical presentation, 
comorbidities, renal function, coronary anatomy complexity, and ventricular 
function. Indeed, a staged PCI in multivessel disease may be associated to lower 
periprocedural complications, especially in high-risk settings (i.e., low ejection 
fraction, chronic renal insuffi ciency).  

4.5     Management of NSTE-ACS: Gender Issues 

 There is confl icting evidence regarding the benefi t of an early invasive strategy in 
women with NSTE-ACS [ 7 ]. Indeed, while post hoc analysis of the FRISC II and 
RITA 3 trials showed no benefi t of an invasive strategy in women, in contrast to 
its benefi cial effect in men, the TACTICS-TIMI 18 indicated similar benefi ts of a 
routine early invasive versus a conservative (ischemia-guided) strategy in men 
and women. Caution is needed in interpreting the fi ndings of these subgroup anal-
yses, as differences in clinical and angiographic risk profi le between women and 
men, and the markedly lower number of women included in those trials may 
explain the observed interaction of sex subgroup with the treatment effect of an 
invasive strategy in NSTE-ACS. Moreover, several important differences between 
the latter randomized trials may explain the discordant fi ndings and the lack of 
benefi ts from a routine invasive strategy compared with a conservative strategy. 
For instance, in the FRISC II trial, the excess of risk with the invasive strategy 
group among women was driven by a particularly high CABG-related mortality; 
the RITA 3 trial included a cohort of women at lower risk, with no or single-
vessel disease in the majority of cases (67 %) and lower rates of death and MI at 
1 year in women in both the invasive (8.6 %) and conservative groups (5.1 %) than 
those of patients enrolled in the FRISC II and TACTICS-TIMI 18 trials. 
Importantly, in the TACTICS-TIMI 18 trial, the benefi t of an early invasive ther-
apy, in terms of signifi cant reduction in death and MI at 1 year, was further 
enhanced in women with elevated troponin T levels [ 7 ]. Differently, women with 
NSTE-ACS and no elevation in troponin who underwent an early invasive strat-
egy had a nonsignifi cant increase in events, as did women with a low-risk TIMI 
score. The meta-analysis by the Cochrane Collaboration pointed out that women 
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derive a signifi cant reduction in death or MI for a routine invasive versus a con-
servative strategy, although with an early hazard due to an increase in procedure-
related events, including periprocedural MI and bleeding, suggesting the adoption 
of strategies minimizing these events especially in women (i.e., optimization of 
stenting strategies, staged PCI procedures, accurate selection of upstream and 
periprocedural medical therapy, and antithrombotic regimens and radial access). 
It has been shown that when bleeding avoidance strategies are not used, women 
have signifi cantly higher rates of bleeding than men. Both genders have similar 
adjusted risk reductions of bleeding when any of those strategies are used. Thus, 
overall available data suggest that a routine early invasive strategy should be con-
sidered in women on the same principles as in men, that is, after careful risk 
stratifi cation for both ischemic and bleeding risks including clinical and ECG 
evaluations, analysis of biomarkers, comorbidities, and use of risk scores. Indeed, 
as stated above in the paragraph on prognosis, sex-based differences in 30-day 
mortality observed among ACS patients are markedly attenuated after adjustment 
for baseline characteristics, angiographic disease severity, and treatment strate-
gies in a cohort of 35,128 patients with angiographic data, taken from a pooled 
analysis of 11 trials [ 3 ]. Based on these overall evidences, according to the NSTE-
ACS guidelines, both genders should be evaluated and treated in the same way for 
acute care and for secondary prevention. Women with NSTE-ACS and low-risk 
features should not undergo early invasive treatment because of the lack of benefi t 
and the possibility of harm. The guidelines point out that particular attention to 
weight and/or renally calculated doses of antiplatelet and anticoagulant agents 
has to be placed to reduce bleeding risk among women. Despite the higher num-
ber of risk factors, the lack of gender differences in treatment guidelines, and no 
observed sex-specifi c treatment effect for most therapeutic agents, women with 
NSTE-ACS compared with men are less likely to receive evidence-based thera-
pies including both invasive coronary angiography and revascularization [ 4 ]. Of 
interest, even after adjusting for age, cardiovascular risk factors, and extent of 
disease, myocardial revascularization (PCI or CABG) in patients with signifi cant 
CAD was less frequently used in women. This has an important prognostic impact 
as it has been shown that elderly women who are not revascularized have a three-
fold higher in-hospital and 1-year mortality rate compared with revascularized 
women with no increased severe bleeding in this latter group undergoing revascu-
larization [ 9 ]. Therefore, elderly women with an NSTEACS should not be denied 
an evidence-based diagnostic and therapeutic approach because of presumptive 
excess in risks.

    Conclusions 

 A routine invasive strategy compared with a conservative therapy has been 
associated with better outcomes for women at higher risk and those with posi-
tive biomarkers. Thus, in NSTE-ACS, the choice of an invasive versus a con-
servative strategy, the optimal timing of catheterization, and the type and 
completeness of coronary revascularization should be based on objective risk 
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stratifi cation and not be infl uenced by the sex of patients, because of a pre-
sumption on an increased risk or frailty of women. Strategies to minimize pos-
sible complications (i.e., bleeding and periprocedural MI), that could be more 
frequent among women with NSTE-ACS managed invasively, should be imple-
mented. Moreover, women should receive the guideline-recommended medi-
cal therapy as men.      
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5.1          Introduction 

 Cardiovascular diseases represent the most frequent cause of mortality in women, 
and the mortality from cardiovascular disease remained higher in women than men 
during the last three decades [ 1 ,  2 ]. Since the year 2000, however, there has been a 
marked reduction in cardiovascular mortality in both men and women [ 2 ]. This has 
been associated with improved therapeutic strategies for the treatment of cardiovas-
cular diseases and particularly coronary artery disease (CAD) and ST-segment ele-
vation myocardial infarction (STEMI) – the principal determinant of death from 
cardiovascular causes. Despite these advancements, STEMI remains as the leading 
cause of morbidity and mortality for millions of women worldwide.  

5.2     Epidemiology of Acute Myocardial Infarction in Women 

 Over 7 million people die due to CAD every year, accounting for almost 15 % of all 
deaths globally [ 3 ]. As a matter of fact, almost three million of American women 
have a history of acute myocardial infarction, over 50,000 American women died of 
acute myocardial infarction, and one of every seven European woman will die from 
acute myocardial infarction [ 1 ,  4 ]. Notably, women are more likely to die than men 
during the fi rst year after a STEMI (26 % women vs. 19 % men), and this trend is 
maintained during the following 5 years, irrespective of age [ 1 ,  2 ]. The worse long- 
term prognosis of women as compared with men after STEMI has been explained, 
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at least in part, by differences in age, cardiovascular risk factors, clinical presenta-
tion, and treatment [ 5 ]. 

 Available evidence indicated that baseline risk profi les of women with STEMI 
differ from those of men. Specifi cally, women have higher prevalence of diabetes 
mellitus, hypertension, heart failure, and renal dysfunction compared with men 
[ 6 – 8 ]. In addition, women present with a fi rst STEMI at an older age (mean 72 
years) than men (mean 65 years) [ 1 ]. This has been attributed to the protective role 
of circulating estrogens on the vascular endothelium, determining a delayed onset 
of CAD in women compared with men [ 9 ]. The substantial increase in incidence of 
STEMI among postmenopausal women corroborates the hypothesis of a protective 
role of estrogens on CAD. Notwithstanding, it is hard to exclude that age may play 
confounding effect. Moreover, trials evaluating exogenous estrogen hormone ther-
apy for the primary prevention of STEMI in postmenopausal women have been 
convincingly negative [ 10 ].  

5.3     Clinical Presentation of STEMI in Women 

 Available evidence suggests that women are more likely to present without chest 
pain or with atypical symptoms – such as dyspnea, weakness, fatigue, and indiges-
tion – as compared with men [ 2 ,  11 – 13 ]. Typical and atypical symptoms in STEMI 
patients are summarized in Table  5.1 . Gender-based differences in STEMI clinical 
presentation may have consequences for timely identifi cation of ischemic symp-
toms, appropriate triage, and judicious diagnostic testing and management. In the 
variations in recovery: role of gender on outcomes of young AMI patients (VIRGO) 
study, young women with STEMI were more likely to present with atypical chest 
pain or no symptoms (16 % versus 10 %;  p  = 0.008) and more likely to present >6 h 

   Table 5.1    Features of typical and atypical symptoms in women with STEMI   

 Typical symptoms  Atypical symptoms 
 Chest pain  Pressure 

 Tightness 
 Squeezing 

 Sharp 
 Pleuritic 
 Burning 
 Aching 
 Soreness 
 Reproducible 

 Additional 
symptoms 

 Irradiation of pain to neck, jaw, 
shoulders, arms, and back 
 Dyspnea 
 Nausea and vomit 
 Profused diaphoresis 

 Unusual shortness of breath 
 Neck, jaw, arm, and/or 
shoulder pain 
 Back pain 
 Flu-like symptoms 
 Dizziness 
 Anxiety 
 Generalized weakness 
 Indigestion symptoms 
 Palpitations 
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after symptom onset (35 % versus 23 %;  p  = 0.002) as compared to young men with 
STEMI [ 14 ]. The detrimental consequences for women are the delay in seeking for 
treatment as well as misdiagnosis, resulting in an accumulation of prehospital and 
emergency department delays that leads to delayed reperfusion strategies with pro-
longed ischemic time, a greater degree of myocardial damage, and impaired short- 
and long-term clinical outcomes.

   Multiple studies have shown that women with STEMI are less likely to be treated 
with guideline-directed medical therapies, less likely to undergo cardiac catheter-
ization, and less likely to receive timely reperfusion [ 14 – 18 ]. 

 A recently published analysis of the VIRGO study showed that young women 
presenting with STEMI are less likely to receive reperfusion and more prone to 
experience delays in receiving reperfusion as compared with similarly aged men 
[ 19 ]. Furthermore, women with >50 % coronary stenosis documented at cardiac 
catheterization were less likely to receive revascularization as compared with men. 
After adjustment for confounders, female gender persisted as an independent factor 
in the delay of reperfusion therapy. In addition, a differential access to treatment has 
been observed, with young women being less likely to receive revascularization 
than young men with subsequently higher in-hospital mortality as well as longer 
in-hospital stay [ 20 ]. 

 Notably, previous data have indicated that when women are given effective reper-
fusion therapy with primary percutaneous coronary intervention (PCI), they experi-
ence the same risk of death as men [ 21 ]. A prompt diagnosis of STEMI and an 
adequate strategy to provide prompt myocardial reperfusion is crucial for women as 
for men. Therefore, it is important to maintain a high degree of awareness for STEMI 
in women with potential symptoms of ischemia. It must be underscored that delays in 
the timely implementation of reperfusion strategies represent key issues in the man-
agement of STEMI, since the greatest benefi t achieved with reperfusion occurs within 
the fi rst 2–3 h after symptoms onset. Optimal management of patients with STEMI – 
irrespective of sex – including pre- and in-hospital pathways and reperfusion strate-
gies within 12 h of fi rst medical contact with ideal time interval for interventions as 
recommended by the current European guidelines are depicted in Fig.  5.1  [ 22 ].

5.4        Reperfusion in Women with STEMI 

 A prompt restoration of coronary fl ow and myocardial tissue perfusion has been con-
sistently shown to improve survival in women and men with STEMI [ 22 ]. According 
to the European and American guidelines, for women and men with STEMI within 
12 h of symptom onset and with persistent electrocardiographic changes (ECG), early 
mechanical (PCI) or pharmacological reperfusion should be performed as early as 
possible [ 23 ]. There is general agreement that reperfusion strategies should be imple-
mented also among patients with symptoms onset >12 h in case of clinical and/or 
electrocardiographic evidence of ongoing ischemia. Overall, as refl ected by current 
guidelines, available evidence consistently indicates that patients with STEMI should 
be timely treated with reperfusion therapy irrespective of sex.  
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5.5     Mechanical Reperfusion: Primary PCI in Women 

 Primary PCI is the preferred reperfusion strategy in patients with STEMI, provided 
that it can be performed expeditiously by experienced operators [ 4 ,  22 ]. During the 
last 15 years, primary PCI has become established as the dominant reperfusion ther-
apy across the great majority of the European countries. 

 Since female patients represent a group at high risk of complications from phar-
macological reperfusion with fi brinolysis, it is not unsurprising that they benefi t the 
most from primary PCI – mainly due to the near elimination of the risk of major 
bleeding. In a pooled analysis of 22 randomized trials, women with STEMI had a 
lower risk of mortality with primary PCI as compared to fi brinolysis, irrespective of 
whether they presented within the fi rst 2 h of symptom onset (7.7 % vs. 9.6 %) or 

  Fig. 5.1    Optimal management and reperfusion strategies in patients with STEMI within 12 h of 
fi rst medical contact with ideal time interval for interventions.  DI-DO  door-in to door-out time, 
 DTB  door-to-balloon time,  EMS  emergency medical service,  FMC  fi rst medical contact,  FMCTB  
fi rst-medical-contact-to-balloon time,  PCI  percutaneous coronary intervention,  STEMI  ST-segment 
elevation myocardial infarction (Reproduced with permission from [ 22 ])       
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>2-h delay (8.5 % vs. 14.4 %) [ 24 ]. It must be underscored that primary PCI resulted 
as an independent predictor of survival in women. The favorable treatment effect of 
primary PCI over fi brinolysis in women with STEMI was corroborated by a sub-
study of the GUSTO IIB, with primary PCI preventing 56 deaths per 1000 treated 
women as compared with 42 deaths per 1000 treated men [ 25 ]. 

 However, despite the improvement in clinical outcomes among women 
treated with primary PCI, a meta-analysis of observational studies found that 
women have a higher risk of in-hospital mortality as compared with men after 
adjustment for baseline risk differences (RR 1.48; 95 % CI 1.07–2.05) [ 26 ]. 
Moreover, while primary PCI has eliminated the risk of intracranial bleeding as 
compared to fi brinolysis, female patients remain at higher risk of bleeding 
events and vascular complications as compared to male patients [ 27 ]. These 
fi ndings indicate the need for a further optimization in the treatment of women 
with STEMI. 

5.5.1     Multivessel Treatment Strategies in Women with STEMI 

 The infarct-related artery should be systematically treated during the initial 
intervention. This strategy is valid for both men and women with the aim of a 
rapid and stable reperfusion. In case of multivessel disease, evidence supporting 
complete revascularization with PCI of non-infarct-related lesions is a matter of 
debate [ 28 ]. The presence of extensive multivessel CAD has been associated 
with a reduced success in reperfusion and impaired clinical outcomes following 
primary PCI, supporting the need for complete revascularization in women and 
men with STEMI. Along this line, in the preventative angioplasty in acute myo-
cardial infarction (PRAMI) trial, 465 patients with STEMI and multivessel 
CAD were randomly allocated to preventive PCI in non-infarct-related coronary 
arteries with stenosis ≥50 % or PCI limited to the infarct artery [ 29 ]. During a 
mean follow-up of 23 months, preventive PCI was associated with a reduced 
risk of the composite of death, myocardial infarction, or refractory angina as 
compared with PCI limited to the infarct-related artery (HR 0.35; 95 % CI 0.21–
0.58;  p  < 0.001). A stratifi ed analysis of the primary endpoint showed that the 
treatment effect of preventive PCI with respect to the primary endpoint was 
consistent among women (HR 0.24, 95 % CI 0.08–0.73) and men (HR 0.39, 
95 % CI 0.22–0.68) with no evidence of statistical interaction [ 29 ]. With respect 
to timing, staged PCI in STEMI patients with multivessel disease and no hemo-
dynamic compromise has been identifi ed as an independent predictor of sur-
vival. Moreover, a higher risk of ischemic events has been associated with 
simultaneous PCI of multiple vessels (in addition to the culprit vessel) at the 
time of STEMI as compared with staged revascularization of STEMI patients 
with multivessel disease. Based on the available evidence, current guidelines 
recommend to consider multivessel PCI in STEMI patients with cardiogenic 
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shock in the presence of multiple, critical stenoses or highly unstable lesions, 
and if there is persistent ischemia after PCI on the culprit lesion [ 4 ,  22 ].  

5.5.2     Stent Selection 

 Stenting is the default strategy over balloon angioplasty in women and men with 
STEMI treated with primary PCI, since it has been shown to reduce the risk of 
abrupt vessel closure, reinfarction, and repeat revascularization [ 30 ,  31 ]. Although 
early-generation drug-eluting stents (DES) have not been associated with an 
increased risk of death, myocardial infarction, or stent thrombosis during long-term 
follow-up [ 32 ], there have been concerns of an increased risk of very late stent 
thrombosis owing to delayed arterial healing of stents implanted into unstable 
lesions underlying STEMI [ 33 ,  34 ]. Two randomized trials in STEMI patients 
undergoing primary PCI directly compared new-generation DES with bare-metal 
stents (BMS). In the EXAMINATION trial, everolimus-eluting stent implantation 
in STEMI patients resulted into lower risks of target lesion revascularization (2.1 % 
vs. 5.0 %,  p  = 0.003) and defi nite stent thrombosis (0.5 % vs. 1.9 %,  p  = 0.02) as com-
pared to BMS [ 35 ]. Similarly, the COMFORTABLE AMI trial reported a lower risk 
of the composite primary endpoint of cardiac death, target-vessel myocardial infarc-
tion, and target lesion revascularization (4.3 % vs. 8.7 %; HR 0.49, 95 % CI 0.30–
0.80,  p  = 0.004) as well as a lower risk of target-vessel myocardial infarction (0.5 % 
vs. 2.7 %; HR 0.20, 95 % CI 0.06–0.69,  p  = 0.01) and a trend towards a lower risk of 
defi nite stent thrombosis (0.9 % vs. 2.1 %; HR 0.42, 95 % CI 0.15–1.19,  p  = 0.10) in 
patients assigned to treatment with biolimus-eluting stents with a biodegradable 
polymer compared with BMS [ 36 ]. Results were maintained throughout longer- 
term follow-up and a pooled analysis of both trials confi rmed a lower risk of stent 
thrombosis and reinfarction with DES compared with BMS [ 37 ]. As a matter of 
fact, the improved safety and effi cacy of new-generation DES over early-generation 
DES as well as BMS has been shown in a pooled analysis of 26 randomized trials 
including 11,557 women with no evidence of interaction between treatment effect 
and acute presentation at baseline (Fig.  5.2 ) [ 38 ]. Taken together, these fi ndings sug-
gest that new-generation DES are more effective and potentially safer than BMS as 
well as early-generation DES during primary PCI in women and men with STEMI.

5.5.3        Arterial Access Site Selection 

 Access site selection may be of particular relevance in women with STEMI. Radial 
strategy has been shown to reduce the incidence of acute bleeding events, particu-
larly in acute coronary syndromes, and was associated with lower mortality in the 
subset of STEMI patients enrolled in the RIVAL trial [ 39 – 41 ]. However, the benefi -
cial effect of radial over femoral access appears to be dependent upon the radial 
expertise of operators [ 42 ]. In a sex-based subanalysis of the RIVAL trial, female 
patients resulted to have a higher risk of vascular access site complications 

G.G. Stefanini et al.



67

compared with male patients, and radial access emerged as an effective method to 
reduce these complications [ 43 ]. In the recently published MATRIX trial, 8,404 
patients with acute coronary syndrome (with or without ST-segment elevation) were 
randomly allocated to radial (4197) or femoral (4207) access for coronary angiog-
raphy and PCI [ 44 ]. At 30 days, radial access resulted in a reduced risk of the co-
primary endpoints of major adverse cardiac events (MACE: death, myocardial 
infarction, or stroke; RR 0.85, 95 % CI 0.74–0.99;  p  = 0.0307) and net adverse 
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clinical events (NACE: major adverse cardiovascular events or Bleeding Academic 
Research Consortium (BARC) major bleeding;  RR  0.83, 95 %  CI  0.73–0.96; 
 p  = 0.0092). A stratifi ed analysis of the co-primary endpoints showed a more pro-
nounced treatment effect in women (MACE: RR 0 · 73, 95 % CI 0 · 56–0 · 95; NACE: 
RR 0 · 72, 95 % CI 0 · 56–0 · 93) than men (MACE: RR 0 · 92, 95 % CI 0 · 77–1 · 09; 
NACE: RR 0 · 89 95 % CI 0 · 76–1 · 05) without formal statistical interaction. Overall, 
available evidence consistently indicate that radial access may improve the safety 
and effi cacy outcomes of primary PCI in both sexes and might effectively reduce the 
gender difference in prognosis.   

5.6     Future Outlook 

 Despite signifi cant progresses in the treatment of STEMI with a marked improve-
ment in patients’ outcomes, the morbidity and mortality in female patients remain 
high. Based on available evidence, disease awareness, prevention, prompt diag-
nosis, and timely treatment of women with STEMI should be optimized to 
improve clinical outcomes. As a matter of fact, sex-specifi c attention in STEMI 
patients will need to represent the fi rst step into personalized medicine in this 
setting. Of note, women tend to be underrepresented in clinical trials, generally 
making up only one- third of enrolled patients. Moreover, clinical trial fi ndings 
are often not stratifi ed by sex – limiting the available evidence-based information 
on the optimal treatment strategies for women with STEMI. Efforts will need to 
be made by clinical investigators, pharmaceutics, and device industry as well as 
regulators in order to increase the level of available evidence in women with 
STEMI.     
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  6      Peri- and Post-procedural 
Antithrombotic Therapy in Women                     

     Stefanie     Schulz-Schüpke    

      Adjunct antithrombotic therapy is the prerequisite for the safe performance of 
percutaneous coronary interventions (PCI). Usually patients receive a combina-
tion of antiplatelet and anticoagulation therapy. Advances in antithrombotic ther-
apy have signifi cantly improved clinical outcome in patients undergoing 
PCI. However, the proportion of women enrolled in clinical trials of antithrom-
botic therapy usually ranges from 20 to 30 %. Consequently, clinical trials are not 
powered to assess the value of antithrombotics in women. Conclusions derived 
from men are often extrapolated to women. Moreover, women are less likely to 
receive evidence-based adjunct antithrombotic therapy [ 1 ]. The following reasons 
underlying low enrollment rates and underutilization of antithrombotics in women 
have been discussed. 

 Women incur coronary artery disease(CAD) at an older age (usually 6–10 years 
later) and have more comorbidities at their disease presentation (e.g., peripheral 
vascular disease, cerebrovascular disease, heart failure) including a more adverse 
cardiovascular risk profi le (e.g. diabetes mellitus, arterial hypertension) compared 
to men [ 2 ]. This may prevent their enrolment in clinical trials which apply rigorous 
eligibility criteria. Unadjusted clinical outcome in women is worse compared to 
men, probably caused by differences in baseline risk and treatment biases. Worse 
outcome may be causative for less invasive treatment strategies in women, although 
high-risk patients typically have the most gain from aggressive therapy. Another 
important factor is the lack of awareness in both women and physicians [ 3 ]. Clinical 
symptoms in women with CAD are more often atypical (dyspnea, heart failure). 
Moreover, gender-specifi c differences in diagnostic tests including biomarkers 
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may hamper prompt and correct diagnosis in women, resulting in delayed and 
suboptimal treatment. Furthermore, women are less likely to receive invasive ther-
apy and consequently adjunct antithrombotic therapy. Finally, the pathology under-
lying acute coronary syndrome (ACS) in women is less often obstructive CAD, but 
more frequently found to be microvascular dysfunction, spontaneous coronary 
artery dissection, and others [ 4 ], which may require different antithrombotic ther-
apy compared to patients undergoing PCI for obstructive CAD. 

 The observed undertreatment in women is not supported by current evidence. 
Hitherto, no consistent gender-specifi c difference regarding the effi cacy or safety of 
any antithrombotic therapy in patients undergoing PCI has been proven. The European 
Society of Cardiology therefore recommends in its guidelines on non-ST- segment 
elevation acute coronary syndrome (NSTE-ACS) that both genders should be treated 
in the same way (Class I, Level of Evidence B) [ 5 ]. Rigorous gender- specifi c analyses 
of mixed-gender trials and clinical trials enrolling women only remain unmet clinical 
needs. Moreover, appropriate dosing regimens in women have not yet been thoroughly 
investigated for many cardiovascular drugs routinely used in clinical practice. 

6.1     Higher Bleeding Risk 

 A consistent fi nding across numerous trials with different antithrombotics is that 
women are at higher risk for vascular and bleeding complications. Female gender has 
been identifi ed as an independent predictor for bleeding. In some studies, the risk of 
bleeding complications in women was increased more than fi vefold [ 6 ]. On the other 
hand, bleeding is a strong and independent predictor for short- and long- term mortal-
ity [ 7 ,  8 ]. Thus, bleeding avoidance strategies receive particular attention in women. 

 The reasons underlying the increased bleeding risk in women are not completely 
understood. Factors like older age or smaller body weight have been suggested. 
Women are more vulnerable to overdosing if no dose adjustment according to body 
weight is performed. Overdosing in women has been suggested to account for 25 % of 
the gender-related difference in bleeding complications [ 9 ]. However, in an analysis 
of 3,351 women and 3,351 men, matched for age, body weight, and type of antithrom-
botic therapy, the bleeding risk in women remained signifi cantly higher compared to 
men suggesting additional factors [ 10 ]. Interestingly, the difference in bleeding is 
driven by an excess in access site complications in women, whereas gastrointestinal 
bleeding is more common in men [ 11 ]. Differences in the local anatomy of the arterial 
access site including shorter and smaller common femoral arteries [ 12 ] and increased 
susceptibility to mechanical complications in women [ 13 ] have also been described.  

6.2     Gender-Related Differences in Pharmacokinetics 
and Pharmacodynamics 

 Other reasons underlying the increased bleeding risk in women may be caused by 
gender-related differences in pharmacokinetics and pharmacodynamics of antithrom-
botic drugs. Numerous differences in the absorption, distribution, metabolization, 
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and excretion of drugs between women and men have been described [ 14 ]. Women 
have a greater proportion of body fat and lower body water content. Thus, lipophilic 
drugs have a higher volume of distribution, whereas hydrophilic drugs have a smaller 
volume of distribution, resulting in higher initial plasma levels and greater effects 
compared to men [ 15 ]. The decreased proportion of muscles in women results in a 
lower creatinine level, while glomerular fi ltration rate is comparable. Thus, women 
are overdosed if dose adaption is based on serum creatinine only [ 9 ]. 

 The following section aims to summarize current evidence of effi cacy and safety 
for the most commonly used antithrombotic drugs in women undergoing PCI.  

6.3     Antiplatelets (Table  6.1 ) 

6.3.1     Acetylsalicylic Acid 

 Acetylsalicylic acid (ASA) continues to be the cornerstone of adjunct antithrom-
botic therapy in patients with CAD. ASA irreversibly inhibits platelet cyclooxygen-
ase- 1 (COX-1) thereby blocking the synthesis of thromboxane A2 (TXA2), a potent 
platelet activator. Other effects of ASA on platelet function have been described; 
however, their signifi cance remains unclear. 

 Bioavailability of ASA is greater in women compared to men, owing to a 
slower clearance and prolonged half-life [ 16 ]. Platelet function studies on differ-
ential platelet reactivity to low-dose aspirin by gender have yielded controversial 
results: 

 In a registry of 326 stable cardiovascular patients on ASA (325 mg/day for 7 
days), more women were found to be ASA resistant (47 % versus 21 %,  p  = 0.03), 
defi ned as a mean aggregation of ≥ 70 % with 10 μM adenosine diphosphate (ADP) 
and ≥ 20 % with 0.5 mg/ml arachidonic acid [ 17 ]. 

 Substudies of the HOPE [ 18 ] and CHARISMA [ 19 ] trial including 976 (16 % 
women) and 3,261 patients (28 % women) demonstrated higher levels of urinary 
11-dehydrothromboxane B2 in ASA treated women. Eleven-dehydrothromboxane 
B2 is a stable metabolite of thromboxane A2 and a marker of in vivo thromboxane 
generation. Higher levels may indicate failure of ASA to suppress thromboxane 
generation and thereby ASA resistance, although it is not a specifi c measure of the 
antiplatelet effects of ASA [ 20 ]. 

 In an ex vivo study of 571 men and 711 women with familiar disposition, wom-
en’s platelets were signifi cantly more reactive to multiple agonists at baseline [ 21 ], 
as it has been shown in several other studies. After ASA therapy, female platelets 
experienced a greater decrease in platelet reactivity compared to men, resulting in 
comparable results of platelet aggregation for direct COX-1 pathways (arachidonic 
acid) in women and men [ 21 ]. 

 In a recent, large registry of 7,090 consecutive patients undergoing PCI after 
500 mg i.v. ASA, women were less likely to incur high on aspirin platelet reactivity 
(HAPR), defi ned as the upper quintile of platelet aggregation measurements 
(assessed by impedance aggregometry using the Multiplate analyzer after trigger 
with arachidonic acid at the time of PCI) [ 22 ]. 
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 Yet, the clinical relevance of these fi ndings remains uncertain. For the treatment 
of acute coronary syndrome (ACS) and for secondary prevention, no gender- specifi c 
difference in the effi cacy and safety profi le of ASA has been reported [ 23 ]. In a wide 
range of patients with established occlusive cardiovascular disease, there is a sig-
nifi cant and profound relative risk reduction in the composite of cardiovascular 
death, nonfatal myocardial infarction (MI), or nonfatal stroke of about 25 %, out-
weighing the increased bleeding risk [ 24 ]. 

 However, the value of ASA for primary prevention and the gender-specifi c ben-
efi t of ASA in primary prevention are more controversial. 

 In the Nurses’ Health Study, a prospective cohort study of 87,678 apparently 
healthy women, there was a signifi cant reduction in MI in women taking ASA 1–6 
times per week [ 25 ]. 

 In a gender-specifi c, aggregate data meta-analysis of 6 randomized controlled 
clinical trials (3 trials enrolled women) including 95,456 individuals (51,342 
women) without established cardiovascular disease, the absolute risk reduction with 
ASA for the composite of cardiovascular death, nonfatal MI, or nonfatal stroke was 
lower compared to patients with established cardiovascular disease, yet the reduc-
tion was signifi cant and comparable in women and men (relative risk reduction of 
12 % in women and 14 % in men) [ 26 ]. However, gender-specifi c differences in the 
effi cacy profi le of ASA for the individual components were suggested: In women, 
the reduction was driven by a reduction in stroke but not MI, whereas in men, ASA 
was found to reduce the risk of MI but not to affect the risk of stroke [ 26 ]. 

 In a later, patient-level meta-analysis of the same 6 trials, the Antithrombotic 
Trialists’ (ATT) collaborators came to a different conclusion. The authors reported 
results of tests for heterogeneity of treatment effect in men and women, which 
were  p  = 0.03 for major coronary events and  p  = 0.08 for stroke. They argued that 
 p  values had to be adjusted due to multiple comparisons. After this adjustment, 
there was no more heterogeneity of treatment effect in women and men [ 23 ]. 
However, this approach has been criticized by others [ 27 ]. Of note, 78 % (39,876) 
of the women in these 2 meta-analyses were enrolled in the Women’s Health 
Study [ 28 ]. In that study, 90 % of women were younger than 65 years. At that age, 
stroke is the predominant occlusive vascular disease in women [ 28 ]. In women 
aged > 65 years, there was a signifi cant reduction in MI comparable to that 
described in men. Thus, gender-specifi c differences in the effi cacy profi le of ASA 
for primary prevention are most likely related to differences in the baseline risk. 
No gender-specifi c differences in the increased bleeding risk with ASA have been 
reported [ 26 ]. 

 Weighing the ischemic and bleeding risk, there is clear net clinical benefi t with 
ASA for secondary prevention, whereas its value for primary prevention is of 
uncertain value. A growing body of evidence suggests that low-dose ASA may also 
have a role for primary prevention of cancer which should be taken into consider-
ation when assessing the overall risk-to-benefi t ratio of ASA for primary preven-
tion [ 29 ].   
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6.4     Platelet ADP Receptor Blocker 

6.4.1     Clopidogrel 

 About 2 decades ago, pivotal clinical trials showed that in patients undergoing PCI, 
the use of the P2Y 12  ADP receptor antagonist ticlopidin plus ASA signifi cantly 
reduces the risk of stent thrombosis and also bleeding compared to a regimen of 
heparin and oral anticoagulation plus ASA [ 30 ]. Later, ticlopidin was replaced by its 
successor clopidogrel due to a faster onset of action and a more favorable hemato-
logical side effect profi le (i.e., neutropenia, thrombotic thrombocytopenia, and 
aplastic anemia) [ 31 ]. Both drugs are thienopyridines and irreversible inhibitors of 
the platelet P2Y 12  ADP receptor. Dual antiplatelet therapy with ASA plus clopido-
grel has been the standard antiplatelet regimen for patients undergoing PCI for 
many years and remains it for patients undergoing PCI for stable CAD [ 32 ]. 

 Levels of clopidogrel’s active metabolite are comparable in men and women 
[ 33 ]. Yet, ex vivo studies suggest higher clopidogrel platelet reactivity in women 
compared to men [ 33 – 35 ]. 

 Clopidogrel has been tested in several large-scale, randomized clinical trials 
including a broad spectrum of CAD presentations. The value of clopidogrel in 
patients undergoing PCI has been assessed in the CREDO trial (enrolling patients 
with planned PCI) [ 36 ] and PCI-CURE trial of NSTE-ACS patients [ 37 ]. Both trials 
assessed the benefi t of a loading dose of clopidogrel followed by long-term treat-
ment compared with a strategy of no loading and short-term therapy. Although dif-
ferences in the magnitude of treatment effect have been reported, there was no 
signifi cant interaction for gender and treatment effect in any of these trials. 

 Accordingly, in a collaborative, gender-specifi c meta-analysis of 5 placebo- 
controlled, randomized trials including 79,613 patients (23,533 women) across a 
broad spectrum of cardiovascular disease, there was no signifi cant gender-specifi c 
difference in the reduction of the composite endpoint of cardiovascular mortality, 
MI, or stroke with clopidogrel [ 38 ]. Point estimates favored clopidogrel in both 
genders, yet relative risk reduction with clopidogrel for the primary endpoint was 
numerically smaller and nonsignifi cant in women (OR 0.93, 95 % CI 0.86–1.01) 
compared to men (OR 0.84, 95 % CI 0.78–1.91). This may refl ect play of chance 
since there was no signifi cant heterogeneity ( p  interaction = 0.08) [ 38 ]. Both men 
and women are at increased risk of major bleeding with clopidogrel. The risk of 
major bleeding with clopidogrel was not signifi cantly higher in women compared 
to men (OR women 1.43, 95 % CI 1.15–1.79 vs. OR men 1.22, 95 % CI 1.05–1.42; 
 p  interaction = 0.24). Another recent meta-analysis confi rmed the fi nding of com-
parable effi cacy and safety of clopidogrel in both genders [ 39 ]. 

 For the treatment of acute coronary syndrome (ACS) patients, clopidogrel has 
been replaced by third-generation ADP receptor blockers prasugrel and ticagrelor. 
In ACS patients, clopidogrel is currently only recommended if prasugrel or ticagre-
lor are either contraindicated or not available [ 32 ].  
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6.4.2     Prasugrel 

 Prasugrel – like clopidogrel – is a thienopyridine and irreversible inhibitor of the 
platelet P2Y 12  ADP receptor, but more potent, with a faster onset of action and a 
more consistent antiplatelet effect. 

 Pharmacokinetics have shown a slight (< 8 %) increase in exposure of the active 
metabolite in women, which was mainly driven by body weight and age [ 40 ]. 

 In the TRITON-TIMI 38 trial of 13,608 patients (3,523 women) with ACS 
undergoing PCI, prasugrel compared to clopidogrel resulted in a signifi cant 19 % 
relative risk reduction in the primary composite endpoint of cardiovascular death, 
MI, or stroke [ 41 ]. Although this increase in effi cacy occurred at the expense of an 
increased risk of TIMI major bleeding, net clinical benefi t was retained. In the 
TRITON-TIMI 38 trial, the relative risk reduction with prasugrel for the primary 
endpoint was smaller in women compared to men (12 % versus 21 %). Yet, there 
was no signifi cant interaction for gender and treatment effect ( p  interaction = not 
signifi cant, exact  p  value not reported) [ 41 ]. 

 In a subsequent analysis, female gender was the strongest independent predictor 
for non-CABG-related serious bleeding in the overall population (HR 1.77, 95 % CI 
1.44–2.18) [ 42 ]. A nonsignifi cant interaction between treatment group and gender 
for non-CAGB-related TIMI major or minor bleeding has been reported (HR women 
1.38, 95 % CI 1.06–1.80, HR men 1.31, 95 % CI 1.05–1.64,  p  interaction = nonsig-
nifi cant, exact  p  value not reported) [ 40 ]. 

 There was also no signifi cant interaction for gender and treatment effect in the 
TRILOGY trial which assessed the value of prasugrel against clopidogrel in 7,243 
NSTE-ACS patients (2,599 women) without revascularization [ 43 ]. After a median 
of 17 months, there was no benefi t with prasugrel regarding the composite of car-
diovascular death, MI, or stroke (HR women 1.02, 95 % CI 0.80–1.29; HR men 
0.86, 95 % CI 0.72–1.03;  p  interaction = 0.29) [ 43 ]. 

 The ACCOAST trial evaluated prasugrel pretreatment in 4,033 patients (1,110 
women) with NSTE-ACS. Prasugrel pretreatment with 30 mg before angiography 
followed by 30 mg in case of PCI compared with a strategy of deferred administra-
tion (60 mg prasugrel after angiography before PCI) did not reduce the composite 
of cardiovascular death, MI, stroke, urgent revascularization, or glycoprotein IIb/IIIa 
inhibitor rescue therapy after 7 days. There was no evidence of a differential effi cacy 
according to gender (HR women 1.14, 95 % CI 0.76–1.70 versus HR men 0.99, 95 % 
CI 0.79–1.24;  p  interaction = 0.54). However, there was a signifi cant increase in TIMI 
major bleeding with prasugrel pretreatment in the overall population (HR 1.90, 95 % 
CI 1.19–3.02). The increased bleeding risk was more pronounced in women; how-
ever, p values for interaction did not reach boundaries of signifi cance (HR women 
3.61, 95 % CI 1.46–8.95; HR men 1.43, 95 % CI 0.82–2.49,  p  interaction = 0.09) [ 44 ].  

6.4.3     Ticagrelor 

 Ticagrelor is not a thienopyridine but a cyclopentyl triazolopyrimidine that revers-
ibly blocks the ADP P2Y 12  platelet receptor in a noncompetitive manner by binding 
to a ligand binding site separate from that of ADP. 
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 Gender-specifi c differences in pharmacokinetics and pharmacodynamics of 
ticagrelor were reported in a study of 40 healthy individuals. Ticagrelor exposure 
was higher, and elimination half-life was longer in women compared to men. 
However, platelet sensitivity (optical aggregometry after 20 μM ADP) was reported 
to be less in women compared to men [ 45 ]. 

 In the PLATO trial of 18,624 ACS patients (5,288 women), there was a signifi -
cant 16 % reduction in the composite ischemic endpoint of vascular death, MI, or 
stroke with ticagrelor compared to clopidogrel irrespective of revascularization 
strategy [ 46 ]. There was no increase in study-defi ned major bleeding, but in non-
CABG-related TIMI major bleeding [ 46 ]. No signifi cant interaction for gender 
and treatment effect regarding the primary endpoint (HR women 0.83, 95 % CI 
0.71–0.97, HR men 0.85, 95 % CI 0.76–0.95;  p  interaction = 0.82) and bleeding 
was noted (HR women 1.01, 95 % CI 0.85–1.21, HR men 1.05, 95 % CI 0.94–
1.16;  p  interaction = 0.76). 

 The ATLANTIC trial assessed the value of prehospital administration of ticagre-
lor compared to inhospital administration in the cath lab in 1,862 patients (369 
women) with ongoing STEMI. The use of ticagrelor shortly before PCI neither 
improved reperfusion of the culprit artery nor ST-segment resolution before the 
procedure but was safe and may prevent post-procedural acute stent thrombosis. 
The treatment effect for the absence of ST-segment resolution was consistent in 
both genders. Regarding the co-primary endpoint of the absence of TIMI fl ow 
grade 3 before angiography, there were differences in the direction of treatment 
effect in both genders; however, the test for interaction did not show signifi cant 
heterogeneity [ 47 ].  

6.4.4     Cangrelor 

 Recently, the intravenous non-thienopyridine P2Y 12  ADP receptor blocker cangre-
lor has been approved by the European Medicines Agency for the reduction of 
thrombotic cardiovascular events in adult patients with CAD undergoing PCI who 
have not received an oral P2Y 12  inhibitor prior to the PCI procedure and in whom 
oral therapy with P2Y 12  inhibitors is not feasible or desirable. Compared to other 
platelet inhibitors, cangrelor provides reversible platelet inhibition with a very rapid 
onset and offset of action. 

 Cangrelor was tested in 3 large-scale, double-blind, randomized clinical trials 
against clopidogrel started either at the end of PCI [ 48 ], 30 min before PCI [ 49 ], or 
according to local standard [ 50 ]. Although in the CHAMPION-PCI [ 49 ] and 
CHAMPION-PLATFORM [ 48 ] trials cangrelor could not provide superiority 
regarding the composite of death, MI, or urgent target vessel revascularization 
(uTVR) at 48 h, there was a signifi cant reduction in the composite of death, MI, 
uTVR, or stent thrombosis at 48 h with cangrelor over clopidogrel in the 
CHAMPION-PHOENIX trial [ 50 ]. A pooled analysis of these 3 trials, including 
24,910 patients (6,905 women) confi rmed increased effi cacy of cangrelor over 
clopidogrel or placebo. This benefi t was achieved at the expense of an increased 
bleeding risk according to GUSTO mild, TIMI minor, and any ACUITY defi nition. 
There was no signifi cant increase in TIMI major or GUSTO moderate or severe 
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bleeding [ 51 ]. Subgroup analysis confi rmed consistency of effi cacy irrespective of 
gender (composite of death, MI, or uTVR: HR women 0.71, 95 % CI 0.56–0.89; HR 
men 0.85, 95 % CI 0.74–0.99,  p  interaction = 0.18). There was an increase in GUSTO 
moderate/severe bleeding in women but not in men, which did not meet criteria for 
signifi cant interaction: HR women 1.65, 95 % CI 1.11–2.46, HR men 0.97, 95 % CI 
0.62–1.51,  p  interaction = 0.079.   

6.5     Intravenous Glycoprotein IIb/IIIa Inhibitors 

 Glycoprotein IIb/IIIa inhibitors block the fi nal common pathway of platelet aggre-
gation by inhibiting the binding of platelets to fi brinogen. Commonly used agents 
are synthetic cyclic heptapeptides (eptifi batide), synthetic non-peptides (tirofi ban), 
or chimeric Fab fragments of an immunoglobulin (abciximab) that target the glyco-
protein IIb/IIIa receptor either reversibly (tirofi ban, eptifi batide) or irreversibly 
(abciximab). 

 Glycoprotein IIb/IIIa inhibitors are the class of antithrombotics that has received 
most attention regarding gender-specifi c effi cacy and safety. 

 In an ex vivo study, women’s platelets were capable to convert a greater propor-
tion of glycoprotein IIb/IIIa receptors to an activated state. After the administration 
of the same agonist, there was a 50–80 % increase in the number of activated recep-
tor sites in women compared to men [ 52 ]. Based on these observations, it has been 
suggested that women would derive greater benefi t from glycoprotein IIb/IIIa inhib-
itors compared to men. 

 The placebo-controlled PURSUIT trial assessed the effi cacy of eptifi batide in 
10,948 patients (36 % women) with NSTE-ACS. Fifty-nine percent of the patients 
underwent coronary angiography, 24 % were treated with PCI, and 14 % with 
CABG. At 30 days, there was a signifi cant reduction in the primary endpoint of 
death or MI in men (OR 0.80, 95 % CI 0.70–0.90), but not in women (OR 1.1, 95 % 
CI 0.9–1.3;  p  values for interaction were not reported). The authors found that the 
observed treatment effect varied according to geographic regions with the benefi t 
confi ned to patients from North America. When restricting the analysis to North 
American patients, there was also a treatment benefi t with eptifi batide in women. 
The lesser benefi t in women outside North America has – at least in part – been 
ascribed to differences in baseline characteristics and the decreased use of invasive 
procedures. In fact, there was a great variation in the use of cardiac catheterization 
which was 79 % in North America but only 20 % in Eastern Europe. Furthermore, it 
could be shown that treatment benefi t was confi ned to patients undergoing PCI with 
72 h compared to those treated conservatively [ 53 ]. 

 A later meta-analysis (including the PURSUIT trial) on the use of glycoprotein 
IIb/IIIa inhibitors in 31,402 patients (35 % women) with NSTE-ACS who were not 
scheduled to undergo routine early revascularization enrolled in 6 trials also noted 
harm of glycoprotein IIb/IIIa inhibitors in women. There was a signifi cant increase in 
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the composite primary end point of death or MI with glycoprotein IIb/IIIa inhibitors 
in women (OR 1.15, 95 % CI 1.01–1.30) compared to a benefi t in men (OR 0.81, 
95 % CI 0.75–0.89,  p  interaction < 0.0001). However, further analysis revealed that 
the treatment benefi t was limited to patients with a positive troponin. More men in 
this study presented with elevated baseline troponin. After stratifi cation of patients 
according to baseline troponin, there was no more evidence of a differential treatment 
effect. Thus, the gender-specifi c effects of glycoprotein IIb/IIIa inhibitors in this 
study were related to differences in baseline troponin between women and men [ 54 ]. 

 Another meta-analysis of 6,595 patients (1,771 women) undergoing PCI enrolled 
in 3 placebo-controlled trials of abciximab did not fi nd a gender-specifi c difference 
in clinical outcome. There was a reduction in the composite of death, MI, or urgent 
revascularization at 30 days in both genders. Regarding bleeding complications, 
women had a higher risk of major and minor bleeding compared to men. In women, 
the use of abciximab was associated with a signifi cant increase in minor but not 
major bleeding [ 55 ]. 

 A gender-specifi c analysis of the ESPRIT trial comparing eptifi batide or placebo 
in 2,064 patients (562 women) undergoing elective PCI showed that overall women 
tended to incur more ischemic events. The primary composite endpoint of death, 
MI, urgent revascularization, or “bail-out” eptifi batide occurred in 10.5 % of women 
and 7.9 % of men,  p  = 0.08. The relative risk reduction with eptifi batide was greater 
in women: 30 % in women and 15 % in men, resulting in comparable event rates in 
women and men at 48 h (6.1 % versus 6.8 %). The  p  value for interaction did not 
reach criteria for statistical signifi cance ( p  = 0.063) [ 56 ]. Contrasting the results of 
the PURSUIT trial, the results of the ESPRIT trial have been interpreted as sugges-
tion that glycoprotein IIb/IIIa inhibitors may have the potential to reduce the excess 
risk in women for inhospital major adverse cardiac events [ 57 ]. 

 The routine use of oral P2Y 12  ADP antagonists has obviated the need for GPIIb/
IIIa inhibitors in a broad spectrum of patients undergoing PCI. The ISAR-REACT 
trial showed that in biomarker-negative patients undergoing PCI after pretreatment 
with 600 mg clopidogrel, the use of abciximab is of no additional benefi t, with 
consistent results in both genders [ 58 ]. The ISAR-REACT 2 trial assessed the value 
of abciximab after pretreatment with 600 mg clopidogrel in 2,022 patients (498 
women) with NSTE-ACS undergoing PCI. In this population, a signifi cant 31 % 
relative risk reduction in the combined endpoint of death, MI, or urgent revascu-
larization at 30 days with abciximab despite pretreatment with 600 mg clopido-
grel was observed [ 59 ]. In a subsequent gender-specifi c analysis, treatment benefi t 
with abciximab was found to be confi ned to men with no benefi t in women (RR 
women 0.98, 95 % CI 0.56–1.72; RR men 0.69, 95 % CI 0.50–0.94). However, there 
were several differences in baseline and angiographic factors with a more adverse 
risk profi le in women. After adjustment for these differences, there was no sig-
nifi cant interaction between gender and treatment effect of abciximab regarding 
major adverse cardiac events (MACE;  p  interaction = 0.71) [ 60 ]. Overall, the bleed-
ing risk in women was signifi cantly higher compared to men (RR 5.5, 95 % CI 
2.54–11.9). Yet, there was no increase in major or minor bleeding in women treated 
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with abciximab compared to placebo. Finally, the BRAVE-3 trial found no benefi t 
of upstream administration of abciximab in 800 STEMI patients (207 women) pre-
treated with 600 mg clopidogrel regarding infarct size [ 61 ]. Subgroup analysis did 
not fi nd a signifi cant interaction for gender and treatment effect ( p  = 0.14), although 
point estimates favored placebo in women and abciximab in men [ 61 ]. 

 In summary, no clear evidence for gender-based disparities in the treatment 
effect of glycoprotein IIb/IIIa inhibitors have been found. Of note, neither subgroup 
analysis was suffi ciently powered to support any defi nitive conclusion. A nonsig-
nifi cant p value for a given factor does not prove defi nitely that there is a lack of a 
true factor interaction on treatment effect (Table  6.1 ).

6.6        Anticoagulants 

6.6.1     Heparin 

 Unfractionated heparin (UFH) has been the standard antithrombin agent since the 
early days of PCI and used as a reference against which new antithrombotic agents 
have been tested. Unfractionated heparin binds to antithrombin and augments the 
inactivation of thrombin and to a lesser extent factor Xa and IXa. 

 Despite its longstanding application, recommendations regarding UFH dose dur-
ing PCI lack evidence base from large-scale, randomized clinical trials. Current 
dosing recommendations in Europe are 70–100 U/kg i.v. bolus and 50–70 U/kg i.v. 
bolus if GP IIb/IIIa inhibitors are co-administered [ 32 ]. The ACC/AHA guideline 
committee recommends the same initial bolus dose but also recommends that sub-
sequent doses be guided according to activated clotting time (ACT), to achieve 
250–300 s for HemoTec and 300–350 s for Hemochron device and a target ACT of 
200–250 s in case of GPIIb/IIIa co-administration [ 64 ]. Yet, the value of ACT guid-
ance has been discussed controversially. 

 Several studies suggest increased sensitivity of women to heparin. Partial throm-
boplastin time (PTT) after heparin is longer in women compared to women, even 
after weight-adjusted dosing [ 65 ,  66 ]. Moreover, women have a nearly fi vefold 
increased risk of heparin-induced thrombocytopenia [ 67 ].  

6.6.2     Low Molecular Weight Heparin 

 Compared to UFH, low molecular weight heparin (LMWH) has a higher ratio of 
anti-factor Xa compared to anti-factor IIa activity and therefore a greater proximal 
inhibition of the coagulation cascade. Advantages of LMWH over UFH include a 
more stable and predictable anticoagulant effect, obviating the need for routine 
monitoring, less platelet activation, and a lower incidence of HIT. Disadvantages in 
case of bleeding include the lack of complete reversibility with protamine and a 
long half-life. 
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 Studies on the pharmacodynamic response according to gender have yielded 
confl icting results. In a substudy of the open-label TIMI 11A trial, comparing 2 dif-
ferent doses of enoxaparin in 445 NSTE-ACS patients (36 % women), found com-
parable results for anti Xa activity according to gender [ 68 ]. On the other hand, a 
substudy of the double-blind FRISC trial, comparing dalteparin against placebo in 
175 patients with NSTE-ACS (25 % women), found higher anti X activity in women 
compared with men [ 69 ]. Consistent with this fi nding, there was a large reduction in 
the primary endpoint of death or MI at 6 days in women enrolled in the main FRISC 
trial (RR women 0.16, 95 % CI 0.05–0.56, RR men 0.55, 95 % CI 0.28–1.11,  p  val-
ues for interactions were not reported) [ 70 ]. 

 The value of LMWH in patients undergoing elective PCI was assessed in the 
open-label STEEPLE trial. In that study, 2 doses of enoxaparin (0.5 and 0.75 mg/kg 
bodyweight) were compared against UFH. Bleeding according to study defi nition 
and GUSTO moderate or severe bleeding (but not TIMI major or minor bleeding) 
was reduced with the use of the low but not of the high dose of enoxaparin. Yet, 
enrolment in the low-dose arm was stopped prematurely due to increased mortality. 
The trial was not suffi ciently powered for the assessment of ischemic events. In a 
multivariate analysis, female gender was an independent predictor for bleeding (HR 
1.63, 95 % CI 1.23–2.17). Gender-specifi c data were not reported [ 71 ]. 

 Superiority of LMWH over UFH has been shown in clinical trials of patients 
with NSTE-ACS receiving conservative treatment [ 72 ] and in STEMI patients 
treated with fi brinolysis [ 73 ]. The ExTRACT-TIMI 25 trial compared LMWH with 
UFH in 20,506 STEMI patients receiving fi brinolysis. In a gender-specifi c analysis 
(4,783 women), the relative risk reduction in the primary endpoint of death or non-
fatal recurrent MI in women was comparable to that achieved in men (RR women 
0.82, 95 % CI 0.74–0.90; RR men 0.84, 95 % CI 0.74–0.95). Due to a higher risk 
profi le, the absolute benefi t was higher in women (2.9 % versus 1.9 %). The rate of 
bleeding was higher with LMWH compared to UFH in the overall population and 
in women. The rate of bleeding in women and men receiving enoxaparin was com-
parable [ 74 ]. 

 The value of LMWH in the revascularization era with the use of stents and 
adjunct antithrombotic therapy has diminished. In clinical trials – such as the 
SYNERGY trial of 10,027 patients with NSTE-ACS (34 % women) – in which 
prerandomization antithrombotic therapy was not consistent with study treatment 
and high post-procedural crossover rates, LMWH was not superior to UFH but 
increased the risk of bleeding [ 75 ]. In general, crossover between UFH and LMWH 
is not recommended and should be avoided [ 76 ]. In the SYNERGY trial, no signifi -
cant interaction for gender and treatment effect regarding the composite of death or 
MI at 30 days was observed [ 75 ]. 

 The value of LMWH compared to UFH in STEMI patients undergoing PCI has 
been assessed in the open-label ATOLL trial [ 77 ]. Among 910 patients, the primary 
endpoint of death, MI, procedural failure, or major bleeding at 30 days was numeri-
cally lower in patients assigned to LMWH, but the benefi t was not statistically 
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signifi cant ( p  = 0.06). However, there was a signifi cant benefi t with LMWH regard-
ing the secondary composite endpoint of death, recurrent ACS, and urgent revascu-
larization and in the primary endpoint when data were analyzed according to per 
protocol analysis [ 78 ]. Subgroup analysis did not fi nd signifi cant heterogeneity for 
the primary and secondary outcome according to gender. In women, results were 
directionally the same compared to men [ 77 ].  

6.6.3     Bivalirudin 

 Bivalirudin is a synthetic direct thrombin inhibitor with several theoretic advantages 
over unfractionated heparin: greater thrombin specifi city, linear kinetic, shorter 
half-life, lack of platelet activation, and heparin-induced thrombocytopenia and 
action on clot bound and circulating thrombin. 

 Bivalirudin has been suggested as a replacement for heparin as antithrombotic 
agent during PCI due to reduced bleeding rates (at least compared to a combination 
of heparin plus glycoprotein IIb/IIIa inhibitors and high heparin doses) while pro-
viding similar protection from peri-procedural ischemic complications. Since 
women are more susceptible to bleeding, the use of bivalirudin seems particularly 
attractive in this population. 

 Subgroup analyses of the pivotal bivalirudin trials ACUITY [ 79 ], REPLACE-2 
[ 80 ], and HORIZONS-AMI [ 81 ] did not fi nd a signifi cant interaction for gender and 
treatment effect regarding composite ischemic, bleeding, and net clinical endpoints. 

 Also in the randomized ISAR-REACT 3 and 4 trials comparing bivalirudin 
against heparin monotherapy in biomarker-negative patients [ 82 ] and bivalirudin 
against heparin plus abciximab in NSTEMI patients [ 83 ], no interaction of gender 
with treatment effect was observed. 

 A more refi ned analysis of the ISAR-REACT 3 trial of biomarker-negative 
patients aimed to identify subsets of patients at high risk of bleeding or myocardial 
infarction and to investigate whether such high-risk subsets derive preferential ben-
efi t from heparin or bivalirudin. Bivalirudin was found to be most advantageous in 
reducing the risk of bleeding in patients at low risk, such as younger patients, men, 
patients with greater body weight, and those with single lesion intervention. 
Bivalirudin was not helpful in reducing the risk of bleeding in subsets of patients at 
a higher risk for this event. Moreover, the use of bivalirudin in the subgroup of 
patients with low bleeding risk was associated with a trend towards an increased 
risk of myocardial infarction [ 84 ].  

6.6.4     Fondaparinux 

 Fondaparinux – a synthetic pentasaccharide – indirectly inhibits factor Xa via bind-
ing to antithrombin III. 

6 Peri- and Post-procedural Antithrombotic Therapy in Women
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 In the double-blind OASIS 6 trial of 12,092 STEMI patients (3,345 women), 
the benefi t of fondaparinux was limited to patients receiving thrombolysis or no 
reperfusion therapy. In patients undergoing primary PCI, fondaparinux was asso-
ciated with potential harm. There was an increased risk of guiding catheter 
thrombosis and subsequent coronary complications with fondaparinux [ 85 ]. The 
results of death or myocardial infarction were not signifi cantly heterogeneous in 
women and men. 

 In the double-blind OASIS 5 trial of 20,078 patients (7,699 women) with NSTE- 
ACS, the use of fondaparinux over 6 days was noninferior to enoxaparin regarding 
the composite ischemic endpoint of death, myocardial infarction, or refractory isch-
emia at 9 days. The rate of major bleeding was signifi cantly lower with fondaparinux, 
resulting in improved net clinical benefi t and decreased mortality at 30 and 180 
days. Results for the primary effi cacy endpoint and the safety endpoint of major 
bleeding were consistent in women and men (primary effi cacy endpoint: women RR 
1.08, 95 % CI 0.89–1.30, men RR 0.97, 95 % CI 0.83–1.12,  p  interaction = 0.48; 
major bleeding women RR 0.46, 95 % CI 0.34–0.58, men RR 0.61, 95 % CI 0.49–
0.76,  p  interaction = 0.07) (Table  6.2 ).

6.7         Duration of Dual Antiplatelet Therapy After 
Drug- Eluting Stent Implantation 

 Patients with drug-eluting stenting (DES) implantation require a regimen of dual 
antiplatelet therapy (DAPT) with ASA plus P2Y 12  ADP receptor antagonist. While 
ASA is usually prescribed lifelong, ADP receptor blocker therapy duration has been 
discussed controversially. 

 The double-blind DAPT trial of 9,961 DES patients (2,526 women) showed 
that prolonging DAPT (with clopidogrel or prasugrel) for up to 30 months pre-
vents myocardial infarction and stent thrombosis. However, the DAPT trial also 
showed that this strategy may cause harm by increasing bleeding and mortality 
[ 88 ]. In the DAPT trial, the effect of prolonged DAPT on the risk of defi nite or 
probable stent thrombosis and on MI was not consistent in women and men. 
There was no difference in the direction of treatment effect but in magnitude: 
Men showed signifi cant reduction in stent thrombosis and MI, whereas the results 
was nonsignifi cant in women (stent thrombosis: HR women 0.73, 95 % CI 0.28–
1.91; HR men 0.21, 95 % CI 0.11–0.39,  p  interaction = 0.04; MI: HR women 
0.76, 95 % CI 0.48–1.19, HR men 0.41, 95 % CI 0.31–0.55,  p  interaction = 0.03). 
There was no interaction on treatment effect on GUSTO moderate or severe 
bleeding [ 88 ]. 

 In contrast, a number of RCTs have shown that shortening DAPT duration to 6 
months is safe, especially after new-generation DES implantation, and that this 
strategy does not expose the patient to an increased bleeding risk [ 9 – 11 ,  13 ,  15 –
 17 ]. The largest and only double blind of these trials, the ISAR-SAFE trial evalu-
ated the value of shortening DAPT duration from 12 to 6 months after DES 
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implantation. At 15 months after DES implantation, there was no difference in the 
composite net clinical endpoint in patients randomized to either 6 or 12 months of 
DAPT. However, there was a signifi cant interaction for age and treatment effect 
regarding net clinical outcome and the combined ischemic endpoint, suggesting a 
benefi t with shorter duration of clopidogrel therapy in older and longer duration 
in younger patients. There was no signifi cant interaction for gender. Of note, the 
trial was stopped prematurely after inclusion of 4005 of 6000 patients, and event 
rates were much lower than expected. Moreover, interpreting subgroup results in 
an overall negative trial is challenging [ 89 ]. 

 Recently, in the double-blind PEGASUS-TIMI 54 trial, 21,162 patients 
(5,060 women) with myocardial infarction 1–3 years earlier were randomly 
assigned in a 1:1:1 fashion to either ticagrelor 90 mg twice daily, ticagrelor 
60 mg twice daily, or placebo. After a median of 33 months, the primary effi cacy 
end point – the composite of cardiovascular death, myocardial infarction, or 
stroke – was signifi cantly reduced in both ticagrelor groups. However, increased 
effi cacy occurred at the expense of a doubled risk of major bleeding. Overall 
mortality was not signifi cantly impacted. Thus, in patients characterized by 
an excessive risk of ischemic complications and low bleeding risk, the use of 
ticagrelor beyond 1 year maybe benefi cial. There was no heterogeneity of treat-
ment effect according to gender regarding the primary effi cacy endpoint and 
bleeding (Table  6.3 ) [ 90 ].

6.7.1       Triple Therapy 

 Oral anticoagulation is required in patients with mechanical heart valves, atrial 
fi brillation and other conditions. A substantial proportion of these patients will 
have to undergo PCI and are therefore in additional need of dual antiplatelet 
therapy. 

 In one open-label trial of 573 patients (115 women), the omission of ASA com-
pared to triple therapy with oral anticoagulation plus clopidogrel and ASA resulted 
in favorable outcome regarding bleeding complications without increasing ischemic 
complications. There was no gender-specifi c treatment effect regarding bleeding 
events [ 91 ]. 

 The other open-label randomized clinical trial regarding triple therapy aimed 
to assess optimal clopidogrel therapy duration as part of triple therapy. A total 
of 614 patients (143 women) were randomly assigned to either 6 weeks or 6 
months of clopidogrel as part of triple therapy. At 9 months, there was no differ-
ence in net clinical outcome between both groups. Overall event rates were 
higher in women. Again no interaction for gender and treatment effect was 
observed. 

 Protein binding of warfarin is infl uenced by sex hormones. Women and espe-
cially old women require a lower warfarin dose compared to men. If hormone 
replacement therapy is initiated, dose adjustment is required [ 14 ].      
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7.1          Percutaneous Aortic Valvuloplasty in the Transcatheter 
Aortic Valve Implantation Era 

 Aortic stenosis (AS) represents the most frequent heart valve disease in developed 
countries and its prevalence and impact on public health is expected to increase 
due to aging Western population. A recent meta-analysis described that AS occurs 
in 12.4 % of the general elderly (≥75 years of age) population and severe AS is 
present in 3.4 %. Among patients with severe AS, 75.6 % are symptomatic, and 
40.5 % of these patients did not undergo surgical aortic valve replacement (SAVR) 
due to excessive operative risk, advanced age, comorbidities, and patient’s prefer-
ence [ 1 ]. 

 Percutaneous balloon aortic valvuloplasty (BAV) was proposed in 1986 by Alain 
Cribier as a new therapeutic approach in a large number of high-risk candidates 
mostly elderly, in whom surgical treatment was often referred [ 2 ]. However, after 
initial exciting results surrounding this technique, the interest in BAV waned subse-
quently because of early recurrence of stenosis. Several studies reported an unac-
ceptable incidence of serious complications around 25 % within the fi rst 24 h and 
in-hospital mortality between 3.5 and 10 % [ 3 ]. Moderate or severe aortic regurgita-
tion was noted in 2 % of the cases. The benefi t of the procedure has proved to be of 
brief duration and 75 % of the patients developed evidence of restenosis within 6 
months of valvuloplasty. Furthermore, the long-term outcome was dismal and 
resembled the natural history of critical AS [ 4 ]. 

 The recent introduction of transcatheter aortic valve implantation (TAVI) has 
renewed interest in the use of BAV, and the number of BAV procedure will continue 
to increase in the near future. BAV plays an integral role in TAVI, and it is used to 
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allow easier valve delivery, to measure annular size, and to evaluate displacement of 
the aortic valve leafl ets adjacent to the left main coronary artery. In particular, when 
measurements of the aortic annulus are ambiguous and borderline, supra-aortic 
angiography during preparatory BAV provides a simple, direct, and effective mea-
sure to improve sizing with a reduction of paravalvular leak frequency and 
severity. 

 Multiple modifi cations with technical improvement have been made in the 
BAV technique over the past years which contributed to a signifi cant reduction 
of serious adverse events. In particular, the incidence of major vascular compli-
cations has been lowered compared with previous series [ 5 ]. This improvement 
may be attributed to the newer balloon catheter that allows the use of a 10-F 
sheath instead of a 13-F sheath as well as the use of vascular closure devices for 
arterial hemostasis. Moreover, most of these patients had an assessment of 
peripheral arteries by multidetector computed tomography as a part of screening 
for TAVI, thereby allowing to choose the better side for a safer vascular approach 
[ 6 ]. Furthermore, the introduction of rapid ventricular pacing during BAV 
enables to optimize balloon positioning and stability [ 5 ]. These changes and 
others have led to overall lower complication rates. The study by Eltchaninoff 
et al., enrolling 323 patients who underwent BAV, showed a lower incidence of 
major adverse events (6.8 %) as compared with previous studies ranging from 
16.2 to 31 % [ 3 ,  5 ,  6 ]. 

 This marked improvements and the development of TAVI resurged new pos-
sible indications in the use of BAV. Currently, the European guidelines recom-
mended BAV with very restrictive indications, as a bridge to SAVR or TAVI in 
hemodynamically unstable patients who are at high risk for surgery or in patients 
with symptomatic severe AS who require urgent noncardiac surgery (recom-
mendation class IIb, level of evidence C). Balloon aortic valvuloplasty for 
acquired AS may be also considered as a palliative measure in selected indi-
vidual cases when surgery is contraindicated because of severe comorbidities 
and TAVI is not an option [ 7 ]. Data from many studies reported that a consider-
able proportion of patients referred for TAVI are judged not eligible for the 
procedure at the time of referral [ 8 ]. In these high-risk patients with temporary 
contraindications to TAVI, BAV can be used as a bridge with the hope that the 
patient will improve suffi ciently to become suitable for intervention. Investigators 
have widely shown that long-term outcomes in BAV patients’ bridge to SAVR or 
TAVI are superior to outcomes in palliative use alone. Recently, Saia et al. dem-
onstrated that patients successfully bridged to TAVI or SAVR had survival rate 
equivalent to those who had undergone primary TAVI or SAVR; otherwise, 
without a defi nite therapy, the survival rate was equivalent to that of medical 
therapy alone [ 9 ]. Finally, BAV can also help to identify which patients are suit-
able for a defi nitive valve intervention (TAVI or SAVR) when other comorbidi-
ties such as concomitant chronic obstructive pulmonary disease and severe left 
ventricular dysfunction raise concerns about symptom reversibility. For those 
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patients who experience symptom relief after BAV, more defi nitive treatments 
should be considered.  

7.2     Indications of Percutaneous Balloon Aortic 
Valvuloplasty: Sex-Related Differences 

 Although gender differences in cardiovascular disease have been explored for a 
long time, only a limited number of studies have been conducted to show differ-
ences between male and female patients with severe AS in terms of clinical presen-
tation and outcome. 

 It has been reported that women receive medical care later than men, either 
because they wait longer before visiting a doctor or because it takes longer until 
they are referred to surgery. In fact, the left ventricle of women adapt differently 
to AS, developing more pronounced hypertrophy with super normal ejection 
fraction, which could have infl uenced the time of the diagnosis with symptoms 
appearing later and lead to older age at the time of intervention [ 10 ]. Bach et al. 
have showed that women and patients aged >80 years had lower rate referral to 
a specialist, diagnostic testing, and SAVR compared to men and to patients aged 
65–79 years [ 11 ]. In particular, SAVR was performed at approximately half the 
rate in women (1.4 %) compared to men (2.7 %,  p  < 0.001), and in patients aged 
>80 years (1.1 %) compared to those aged 65–79 years (2.5 %,  p  < 0.001). Lower 
rates of SAVR in women may have been due to excessive operative risks that 
would preclude safe intervention. It has been demonstrated that at presentation, 
female patients with severe AS tend to be more symptomatic and with more 
associated advanced diseases and have a higher predicted operative risk related 
to the presence of more comorbidities, lower body surface area, and older age 
[ 12 ]. A recent meta-analysis including 6.645 patients with symptomatic severe 
AS reported that at time of referral, women were older, with higher ejection 
fraction, more severe mean pressure gradients, and smaller valve areas com-
pared to men [ 13 ]. 

 The recent introduction of TAVI opened new perspectives for the treatment of 
female patients with severe AS at a very high surgical risk. In fact, the available 
TAVI data show that females are more represented than in previous surgical series 
with the proportion of women similar or even greater than that of men [ 13 ]. However, 
a large proportion of women may be not offered even TAVI because they are judged 
to be too old and frail at the time of presentation. Despite the higher prevalence of 
well-known comorbid conditions affecting outcome detected in male patients with 
AS, other unweighted risk factors are present in women such us advanced age and 
frailty. 

 In elderly populations, frailty has emerged as an important risk factor for mor-
bidity and mortality in multiple clinical situations. Recently, several publications 
reported that frailty is associated with increased mortality and a higher rate of poor 
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outcome in elderly patients undergoing cardiac surgery. In addition, small, single- 
center studies identifi ed frailty status as independent predictors of adverse short- 
and long-term outcomes even after TAVI procedures. Plus et al. followed a cohort 
of 300 high-risk patients undergoing TAVI and showed that frail patients were on 
average of 2 years older ( p  = 0.0004) and more likely to be female ( p  = 0.01) [ 14 ]. 
Woman therefore may be more often suited to undergo BAV intervention for pallia-
tion of symptoms with the hope to improve suffi ciently to become suitable for a 
defi nitive therapy compared to men. In line with these fi ndings, recently Ben-Dor 
et al. reported that women represented more than one half of the total patients 
screened but not eligible for TAVI and treated with medical therapy plus balloon 
valvuloplasty [ 5 ]. 

 Another possible explanation is that lower body surface area in women, known 
to be associated with a decreased survival, could infl uence the therapeutic decision 
leading to BAV. 

 However, in the transcatheter valve era, no studies have been conducted to 
describe gender differences in patients with AS referred for BAV used whether 
standalone or as a bridge to TAVI.  

7.3     Gender Difference During Aortic Balloon Valvuloplasty: 
Technical Issues 

 Several studies have emphasized the existence of sex differences in the left ventricu-
lar adaptation to AS [ 10 ,  13 ]. In particular, Carroll et al. have observed that women 
with severe AS are more likely than men to respond to the pressure load with con-
centric hypertrophy, small-volume, and hyperdynamic ejection performance [ 10 ]. 
All these baseline characteristics are important in understanding the pathophysiol-
ogy of AS and have practical consequences for the management and choice of 
BAV. Women patients are highly prone to complication due to stiff wire manipula-
tion and possible LV perforation. Nevertheless, asymmetric LV hypertrophy and 
small LV outfl ow tract, frequent among women, should make the procedure more 
challenging (Fig.  7.1 ).

   Other important issues of BAV procedure in female patients are smaller aor-
tic annulus and smaller vascular access [ 15 ]. It has been demonstrated that 
women with AS have smaller body size and consequently smaller aortic annulus 
and reduced ileofemoral diameters compared to men [ 16 ]. A recent multicenter 
study, enrolling more than 600 patients with severe AS referred for TAVI, 
reported that females have smaller aortic annulus and body surface area than 
men [ 17 ]. Smaller aortic annulus has a potential risk of annulus rupture due to 
the relative balloon oversizing. Annulus rupture or perforation is a rare but 
 catastrophic complication of BAV associated with a high risk of procedural 
death (Fig.  7.1 ) [ 5 ]. Despite technical improvement, recent reports show similar 
rates of annulus rupture as compared with previous studies, although this 
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complication remains infrequent [ 6 ]. Accurate measurement of the aortic root 
using multidetector CT or transesophageal echocardiography is crucial for 
appropriate device sizing allowing to avoid this drawback. Furthermore, a mod-
erately aggressive BAV technique, meaning utilization of balloons often under-
sized without the pursuit of achieving excellent hemodynamic results, allows to 
reduce the chances of annulus damage (Fig.  7.2 ).

   Vascular access is also an important issue in female patients undergoing 
BAV. Reduced ileofemoral diameters increase the sheath to femoral artery ratio, 
resulting in a higher risk of vascular complications which have been shown to be 
associated with signifi cant increase in mortality [ 18 ]. Recently the introduction of 
newer balloon catheters that allow the use of a 10-F sheath instead of a 13-F sheath 
may contribute to reduce the incidence of vascular complications even in patients of 
small body size. Moreover, the precise assessment of ileofemoral diameter and 
 calcifi cation with the use multidetector computer tomography, in patients screened 

a b

  Fig. 7.1    ( a ) BAV performed with a 22 mm balloon catheter in a woman with a mean annuls diam-
eter of 21 mm. ( b ) Annulus rupture through the free LV myocardial occurred after the second 
aggressive balloon infl ation. An evident contrast extravasation ( white arrow ) was identifi ed during 
angiography. The patient was treated by unplanned TAVI but she died during the procedure       

a b

  Fig. 7.2    ( a ) Aortic angiography view of a female with a small aortic annulus. At transthoracic 
echocardiography mean annulus diameter was 19 mm. ( b ) Moderately aggressive BAV was per-
formed successfully with the utilization of undersized balloon (18 mm balloon catheter) to reduce 
the risk of annulus damage       
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but not eligible for TAVI and treated with BAV, let to choose the better side for a 
safer vascular approach. 

 In the TAVI setting, the limited availability of device plays a crucial role, repre-
senting a major limitation for transarterial approach, especially for women with 
small femoral arteries. In such selected case, when alternative TAVI approaches are 
not available, BAV may also be considered a palliative measure. 

 Acute coronary occlusion from embolic calcium is another rare potential prob-
lem during BAV. In fact, Ben-Dor et al. reported an incidence of coronary occlusion/
dissection after BAV about 0.6 % [ 5 ]. The shorter distance between coronary ostia 
and aortic annulus in female patients with small body size could increase the risk of 
coronary occlusion by calcium embolization [ 16 ]. Furthermore, the more advanced 
aortic disease in women associated with higher trans-aortic gradients and higher 
degree of leafl et calcifi cations may contribute to a higher incidence of coronary 
occlusion compared with men [ 13 ].  

7.4     Impact of Female Gender on BAV Outcome 

 Predictors of mortality in patients undergoing BAV have been previously reported 
(Otto 1994). 

 Otto et al. analyzed the largest series of nonsurgical patients treated with BAV in 
24 centers in North America and identifi ed the female gender as an independent 
predictor of mortality [ 19 ]. However, the impact of sex on outcome after BAV 
remains unclear and to be defi ned. Recently, Ben-Dor et al. analyzed a large cohort 
of patients screened but not eligible for TAVI and treated with balloon valvuloplasty 
and reported that women had a higher survival rates compared to men [ 5 ]. Several 
reports confi rmed this result, demonstrating that the female sex is associated with a 
better outcome even among patients undergoing TAVI [ 13 ]. Furthermore, in the 
retrospective subanalysis of the PARTNER trial, female subjects had a lower late 
mortality with TAVI versus SAVR [ 20 ]. 

 Nevertheless, female gender is actually considered a risk factor for surgical pro-
cedure, even in isolated valve operation, both in the Society of Thoracic Surgeon 
(STS) predicted risk of mortality score and in the EuroSCORE II. Others studies, 
however, questioned this fi nding, reporting a signifi cant better long-term survival in 
women compared with men after SAVR with a bioprosthesis [ 21 ]. A randomized 
controlled trial conducted in female high-risk patients with AS is necessary to study 
differences in mortality between treatment modalities.  

    Conclusion 

 With the recent introduction of TAVI, there has been resurgence in the use of 
BAV, either as a bridge to TAVI in patients at high risk of periprocedural compli-
cations or as an additional selection tool whenever there are doubts about the 
indications to TAVI. 
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 In this setting, the effect of gender may be relevant to understand timing and 
opportunity of percutaneous intervention, but none of the studies have investi-
gated gender-specifi c differences in outcomes after BAV. In the future, it seems 
mandatory to collect more prospective data to accurately evaluate risk and strat-
egy for patients with severe AS with regard to sex.     
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  8      Transcatheter Aortic Valve Implantation                     

     Martine     Gilard      and     Jacques     Boschat   

      Transcatheter aortic valve replacement (TAVI) is becoming a widespread therapeu-
tic alternative to surgery for patients with symptomatic aortic stenosis (AS) who are 
deemed to be at high or prohibitive surgical risk, with more than 80,000 procedures 
performed to date in over 40 countries worldwide [ 1 ]. A lower risk profi le and lower 
mortality have been reported in women than men after TAVI at medium-term fol-
low- up [ 2 ], while other studies found similar or worse survival compared with 
males [ 3 ]. In this setting, the effect of gender may be relevant to understanding the 
timing and appropriateness of percutaneous coronary intervention (PCI). 

 At present, a small number of registries have investigated gender-specifi c differ-
ences in outcome after TAVI, reporting variable results [ 4 – 9 ]. Some data are avail-
able from the randomized PARTNER trial [ 10 ], and four meta-analyses have so far 
been published [ 1 ,  11 – 13 ]. The available TAVI data show a greater proportion of 
women than in previous coronary clinical trials, in which the inclusion rate of 
female patients has historically been low. In the FRANCE 2 registry, 49 % of par-
ticipants were female [ 4 ]. In the PARTNER trial, in the subgroup of patients at high 
surgical risk who were assigned to undergo TAVI, 42.2 % were female; 39.3 % of 
patients treated via a femoral approach were female, compared with 49 % in the 
apical arm [ 10 ]. 
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8.1     Indications for TAVI in Women 

 Although gender differences in cardiovascular disease have long been studied, only 
a small number of studies investigated differences between male and female AS 
patients, in terms of clinical presentation and outcome after surgical aortic valve 
replacement (SAVR). Female patients with symptomatic AS tend to be older, more 
symptomatic, and with greater associated advanced disease burden [ 5 ]. Despite this, 
it has been shown that women who underwent SAVR had outcomes similar to those 
for men [ 14 ]. 

8.1.1     Comorbidities 

 The management of female AS patients at high surgical risk should take account of 
clinical presentation and associated comorbidity factors. The greater number of 
women included in TAVI series compared with coronary artery disease (CAD) 
series may depend on several factors. The lower body surface area (BSA) in female 
patients, which is known to be associated with poorer post-SAVR survival, may 
have infl uenced therapeutic decision-making in favor of TAVI. 

 Available registry data show fundamental differences in comorbidity factors 
(Table  8.1 ):

   Table 8.1    Patient characteristics in FRANCE 2   

 Female 
( n  = 1967)  Male ( n  = 2005)   p  value 

 Age, years  84.0 ± 6.6  81.6 ± 7.5  <0.001 
 Body mass index, kg/m 2   25.7 ± 5.4  26.3 ± 4.5  <0.001 
 Logistic EuroSCORE, %  21.4 ± 13  22.2 ± 15  0.97 
 Clinical history 
   Coronary artery disease  918 (47.9 %)  1341 (69.0 %)  <0.001 
   Chronic obstructive pulmonary disease  397 (20.3 %)  503 (25.1 %)  0.003 
   Peripheral vascular disease  278 (14.2 %)  521 (26.1 %)  <0.001 
   Creatinine before procedure >200 mmol/l  120 (6.1 %)  220 (11.0 %)  <0.001 
   Cerebrovascular disease  191 (9.8 %)  198 (9.9 %)  0.91 
 Echocardiographic fi ndings 
   Mean gradient, mm Hg  51.0 ± 17.7  45.4 ± 14.8  <0.001 
   Effective orifi ce area indexed, cm 2 /m 2   0.4 ± 0.2  0.4 ± 0.2  0.041 
   Ejection fraction, %  56.6 ± 13.3  50.1 ± 14.3  <0.001 
 Transfemoral TAVI approach  1536 (78.7 %)  1365 (68.4 %)  <0.001 
 Edwards SAPIEN/Medtronic CoreValve  73.2 %, 26.8 %  60.4 %, 39.6 %  <0.001 
 Echocardiographic fi ndings, postprocedural 
   Effective orifi ce area indexed, cm 2 /m 2   1.1 ± 0.3  1.0 ± 0.3  0.13 
   Ejection fraction, %  58.2 ± 11.6  52.9 ± 12.9  <0.001 
   Pulmonary artery pressure, mm Hg  40.5 ± 12.1  41.2 ± 13.2  0.31 
   Moderate to severe aortic regurgitation  196 (11.8 %)  294 (17.1 %)  <0.001 

M. Gilard and J. Boschat



113

•     In the FRANCE 2 registry, female patients were older (84 vs. 81.6 years; 
 p  < 0.001), with less frequent history of CAD (47.9 % vs. 69 %;  p  < 0.001), 
chronic obstructive pulmonary disease (COPD), peripheral vascular disease 
(PVD), or renal failure (creatinine >200 μmol/l: 6.1 % vs. 11.0 %;  p  < 0.001) [ 4 ].  

•   In contrast, the UK registry found higher female rates of COPD (25.1 % vs. 
20.8 %;  p  = 0.04) and chronic renal disease (6.8 % vs. 3.7 %;  p  = 0.006) [ 7 ].  

•   In the Italian Observational Multicenter Registry (OBSERVANT Research 
Group), female TAVI patients had a different risk profi le from males, with 
greater age (82.4 vs. 81.1 years;  p  = 0.005), lower body weight (67.6 vs. 74.5 kg; 
 p  < 0.001), and lower preoperative hemoglobin level (11.4 vs. 11.8 g/dL; 
 p  < 0.001) but with similar New York Heart Association (NYHA) class (class III, 
45 % vs. 43.4 %; class IV, 15.5 % vs. 13.8 %), frailty score (2 (partially self- 
suffi cient), 24.8 % vs. 16.2 %) and European system for cardiac operative risk 
evaluation (EuroSCORE) (14.6 vs. 15.9; NS), and less frequent renal 
 dysfunction, COPD, arteriopathy, or history of cardiovascular surgery or PCI 
( p  < 0.01) [ 6 ].  

•   Canadian and German registry data were similar to those of FRANCE 2 [ 8 ,  9 ].    

 The major fi ndings of recent meta-analyses were signifi cant sex differences in 
terms of age, CAD, COPD, and PVD [ 13 ,  15 ] (Table  8.2 ). In O’Connor’s meta- 
analysis, 48.6 % ( n  = 5502) of the 11,310 patients included in the fi nal cohort were 
women. Men had higher rates of risk factors than women, with higher prevalences 
of diabetes and of history of myocardial infarction, PCI, coronary artery bypass 
graft, PVD, poor left ventricular systolic function (left ventricular ejection fraction 
<30 %) and three-vessel coronary artery disease, higher logistic EuroSCORE, and 
greater prevalence of pulmonary disease [ 1 ].

   The difference in clinical presentation between men and women may partly be 
due to women having lower rates of specialist referral and thus receiving medical 
care later than men. They wait longer before consulting a doctor [ 16 ].  

8.1.2     Left Ventricle Evolution 

 Several studies have emphasized the existence of sex differences in the left ventricle 
adaptation to AS. On average, women with AS develop thicker ventricles with bet-
ter conservation of ejection fraction and less fi brosis than male counterparts [ 15 ]. 
Hence, despite being uniformly labeled as “severe AS patients” when presenting for 
aortic valve replacement (AVR), women and men may show markedly different 
phenotypes when the complete physiological picture of ventricular performance 
and valvulo-arterial impedance is considered. 

 Pressure overload leading to cardiac remodeling is largely infl uenced by gender; 
for example, hypertrophy is more frequently associated with the left ventricular 
dilation and systolic dysfunction in males, whereas geometry is more favorable to 
conserving systolic pump performance in women. Initial studies suggested that the 
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loss of the left ventricular mass after AVR is more frequent and rapid in women, 
allowing better normalization of ventricle biomechanics than in men. Taken 
together, these translational data point to the intriguing possibility that women with 
AS may exhibit a positive differential treatment response to TAVI.   

8.2     Specific Female Anatomical Features for TAVI 

 The literature is unanimous in fi nding fundamental sex differences in ultrasound 
data and the size of arterial approaches. 

8.2.1     Mean Aortic Valve Gradient 

 In the FRANCE 2 registry, mean aortic valve gradient was greater in women than in 
men (51 vs. 45 mmHg;  p  < 0.001), as was mean ejection fraction (56 % vs. 50 %; 
 p  < 0.001). Findings were similar in the other registry reports and in O’Connor’s 
meta-analysis (61 % vs 55 %;  p  < 0.001) [ 1 ]. Overall, mean aortic orifi ce diameter is 
21 mm in women and 23 mm in men, which probably explains the observed differ-
ence in choice of valve for AVR. Thus, percentage use of CoreValve and SAPIEN 
implants was, respectively, 35.2 % and 64.8 % in women and 31.4 % and 67.9 % in 
men ( p  < 0.001) in the 11,310 patients analyzed by O’Connor. Small (23 mm) valves 
are more often used in female patients (31.2 % vs. 10.8 %;  p  < 0.001) [ 15 ]. The 
FRANCE 2 results are in agreement with the above: women, 26.8 % CoreValve and 
73.2 % SAPIEN; men, 39.6 % and 60.4 %, respectively;  p  < 0.001 [ 4 ].  

8.2.2     Access 

 The most frequently used approach is femoral, but its safety greatly depends on 
iliofemoral axis assessment. Vascular axis diameters should be measured and tortu-
osity and calcifi cation assessed. For this, CT angiography provides precious precise 
information. Minimum femoral dimensions are defi ned by the manufacturer’s spec-
ifi cations based on introducer sheath size, which, in published studies, was 6 mm 
for 18Fr sheaths for the Medtronic CoreValve and 6–7 mm for Edwards SAPIEN 
XT. However, these sheath diameters are based on the devices’ internal diameters. 
Moreover, excessive calcifi cation at the femoral access site constitutes a risk factor 
independently of any major vascular complication. 

 The approach was more often femoral in women in the FRANCE 2 study (78.7 % 
vs. 68.4 % in men;  p  < 0.001), probably due to a higher rate of peripheral vascular 
disease in males (14.2 % in women vs. 26.1 % in men;  p  < 0.001) [ 4 ]. However, 
femoral approaches were globally smaller in women: 7.2 vs. 7.9 mm on the left and 
7.5 vs. 7.7 mm on the right ( p  < 0.001) [ 1 ]. 

 The presence and degree of femoral and aortoiliac atheroma are an important 
factor to be taken into account in selecting the approach. Framingham’s data are 
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useful here: prevalence of abdominal aortic plaque, and of any aortic plaque, was 
higher in women than in men ( p  < 0.02). Total plaque volume, both absolute and 
normalized to BSA, was larger in women than in men on thoracoabdominal aortic 
cardiac MRI ( p  < 0.05) [ 17 ].  

8.2.3     Coronary and Aortic Valve Calcifications 

 There are differences in the aortic valve itself, not only in terms of orifi ce size but 
also of degree of calcifi cation. Because calcium is detectable noninvasively with CT 
imaging, it is possible to use the extent and distribution of calcifi cation in cardiac 
valves, coronary arteries, and aorta as a diagnostic tool in risk stratifi cation. 

 A signifi cant gender difference in total coronary and aortic valve calcifi cation in 
patients with severe AS was recently reported [ 18 ]. Men had more severe aortic and 
coronary calcifi cation than women. Valvular calcifi cation in AS patients has been 
linked to systemic calcifi ed atherosclerosis. The identifi cation of oxidized lipopro-
teins, infl ammatory cells, and proteins activated by macrophages in aortic valve 
calcifi cation suggests a similarity to the pathogenesis of coronary artery calcifi ca-
tion. Furthermore, highly calcifi ed stenotic aortic valves show greater oxidized low- 
density lipoprotein concentrations as well as increased expression of 
metalloproteinases [ 18 ]. 

 The persistence of gender difference in coronary calcifi cation in severe AS sug-
gests that this cardioprotection against calcifi cation continues beyond the meno-
pause, and perhaps calcifi cation itself may be either a delayed process or a process 
that continues once initiated.   

8.3     Technical Issues and Complications 

8.3.1     Procedural Device Success 

 Procedural device success rates are reportedly similar in women and men, with 97 % 
success [ 1 ]. The majority of registries and trials performed TAVI via the transfemoral 
approach [ 3 – 10 ], and this was more common in women than in men in the FRANCE 
2 series (78.7 % vs. 68.4 %;  p  < 0.001) and in O’Connor’s meta-analysis (70.4 % vs. 
67.9 %;  p  = 0.004). In the majority of studies, implanted valves included the SAPIEN 
and SAPIEN XT devices in 23-, 26-, and 29-mm sizes (Edwards Lifesciences) and 
the CoreValve device in 23-, 26-, 29-, and 31-mm sizes (Medtronic).  

8.3.2     Type of Device 

 Balloon-expandable devices were used more frequently than self-expandable valves 
[ 1 ,  4 ,  8 ], and a higher proportion of women than men received balloon-expandable 
valves [ 1 ].  
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8.3.3     Post-procedural Aortic Regurgitation 

 It remains unclear whether factors related to aortic valve implantation could con-
tribute to differential mortality between men and women. Postprocedural aortic 
regurgitation (AR ≥ 2) has emerged as a predictor of increased mortality after TAVI 
in several studies [ 2 ,  5 ,  19 ] and was less frequent in women than men in a CoreValve 
registry (20.9 % vs. 29.6 %;  p  = 0.01) [ 20 ]; AR grade 3/4 was also less frequent in 
women than men in a balloon-expandable device study (1.6 % vs. 3.1 %) [ 8 ]. The 
same fi nding was reported in O’Connor’s meta-analysis: AR > 2 in 2.7 % of females 
vs. 4.6 % of males ( p  < 0.001) [ 1 ].  

8.3.4     Contrast-Induced Nephropathy 

 Contrast-induced nephropathy (CIN) is the third most common cause of acute renal 
failure and is associated with increased morbidity and in-hospital mortality. Some 
recent studies identifi ed female gender as a risk factor for CIN. In O’Connor’s meta- 
analysis, renal insuffi ciency (CrCL < 60 ml/mn/1.73 m 2 ) was more frequent in 
women than in men (66.1 % vs. 64.3 %;  p  = 0.04) [ 1 ]. 

 The impact of female gender on onset and clinical outcome of CIN after TAVI in 
patients with preexisting renal impairment was recently reported [ 21 ]. The women 
had signifi cantly smaller BSA (1.8 vs. 1.95 m 2 ;  p  = 0.002), lower hemoglobin levels 
(11.5 vs. 12.7 g/dL;  p  < 0.001), and lower estimated glomerular fi ltration rate (34.2 
vs. 49.4 mL/min/1.73 m 2 ;  p  = 0.002). The frequency of CIN within 72 h after expo-
sure to contrast medium was signifi cantly greater in women (62.1 % vs. 26.9 %; 
 p  = 0.009) [ 21 ].  

8.3.5     Valve Migration 

 There was no difference in the incidence of valve migration or embolization, con-
version to conventional surgery, or procedure-related death [ 1 ]. However, there was 
a higher rate of major vascular complications and major bleeding in women 
(Table  8.3 ).

8.3.6        Vascular Complications 

 There was an almost twofold higher rate of vascular complications in women in the 
FRANCE 2 registry (4.3 % vs. 1.9 %;  p  < 0.001) [ 4 ]. In Stangl’s meta-analysis, vascular 
complications were defi ned on Valve academic research consortium (VARC) criteria in 
eight studies and also used the following defi nitions: vascular rupture with fatal bleed-
ing or need for surgical or percutaneous repair [ 3 ] and severe peripheral vascular com-
plications (e.g., iliac artery rupture) [ 9 ]; there was a 1.72-fold greater vascular 
complications rate in women (odds ration (OR), 1.72 [95 % confi dence interval (CI), 
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1.41, 2.09]) [ 12 ]. Vascular complications are related to smaller vessel size in women 
[ 2 ], introducer sheath to femoral artery ratio, and femoral artery calcium score [ 22 ].  

8.3.7     Bleeding Complications 

 Women experienced higher rates of major and life-threatening bleeding in three 
meta-analyses [ 1 ,  11 ,  13 ]. Major bleeding at 30 days was signifi cantly more fre-
quent in female patients (10.5 % vs. 8.5 %;  p  = 0.003) [ 1 ]. A signifi cantly higher risk 
of major bleeding was also reported in meta-analyses by Conrotto (OR, 1.55 [95 % 
CI, 1.03, 2.34]) and Zhao (RR 0.82 [95 % CI, 0.68, 0.98]) [ 11 ,  13 ]. The mechanism 
for this is probably comparable to peri-PCI bleeding, in which female gender is a 
signifi cant risk factor (smaller BSA and older age in female patients) [ 1 ]. 

 Cardiac tamponade is more frequent in female than in male patients (1.3 % vs. 
0.7 %;  p  = 0.002) [ 1 ]. There are many predisposing factors for the development of 
tamponade in TAVI: calcifi ed aortic annulus and fragile and scarred myocardium 
due to likely coexistence of ischemic heart disease with previous infarcts. Some 
cases of cardiac tamponade implicate temporary pacemakers.  

8.3.8     Stroke 

 Stroke is a major complication of TAVI, associated with poor prognosis. However, 
recent reports have shown that stroke rates are decreasing, with reported in-hospital 
incidence of 1 % with a femoral approach [ 23 ]. This progressive drop can be attrib-
uted to multiple factors, such as technological progress, increased operator 

     Table 8.3    Outcomes in France 2   

 Female ( n  = 1967)  Male ( n  = 2005)   p  value 
 Adverse events <24 h 
   Major and life-threatening bleeding  85 (4.3 %)  38 (1.9 %)  0.001 
   Major vascular event  90 (4.6 %)  39 (1.9 %)  <0.001 
 Postprocedural pacemaker implantation (before 1 month) 
   PPI total  184 (9.3 %)  257 (12.8 %)  <0.001 
   PPI in Medtronic CoreValve prosthesis  83 (15.8 %)  145 (18.2 %)  0.30 
   PPI in Edwards SAPIEN prosthesis  101 (17.0 %)  112 (9.3 %)  0.040 
 Combined safety end point at 1 month  448 (22.8 %)  407 (20.3 %)  0.058 
 Death 
   At 1 month 
    From any cause  187 (9.5 %)  184 (9.2 %)  0.27 
    From cardiovascular cause  125 (6.4 %)  133 (6.6 %)  0.35 
   From 1 month to 1 year 
    From any cause  193(9.8 %)  291 (14.5 %)  <0.001 
    From cardiovascular cause  95 (4.8 %)  152 (7.6 %)  0.004 
   At 1 year (cumulative) 
    From any cause  380 (19.3 %)  475 (23.7 %)  0.021 
    From cardiovascular cause  220 (11.2 %)  285 (14.2 %)  0.036 
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experience, better patient selection, standardized postprocedural neurological eval-
uation, antithrombotic treatment, and protection devices. 

 The vast majority of cases of stroke seem to be ischemic, occurring within the 
fi rst 30 days; later excess stroke is attributable to hemorrhagic events [ 24 ]. 
O’Connor’s study was the fi rst meta-analysis to demonstrate a signifi cantly higher 
rate of stroke in women undergoing TAVI [ 1 ]. This increased stroke risk seems to be 
associated with self-expandable but not balloon-expandable valves, without a clear 
explanation. There are no data for gender differences according to type of stroke.  

8.3.9     Permanent Pacemaker 

 The FRANCE 2 registry reported more frequent postprocedural pacemaker implan-
tation in men (12.8 % vs. 9.3 %;  p  < 0.001) [ 4 ]; for women, rates of pacemaker 
implantation were higher in case of balloon-expandable valves (SAPIEN, Edwards 
Lifesciences, Irvine, CA), which may illustrate the impact of balloon expansion on 
smaller aortic roots (Table  8.3 ). 

 However, in contrast, in O’Connor’s meta-analysis, in a sub-analysis of proce-
dural and 30-day outcome according to valve type, pacemaker implantation was 
signifi cantly more common in men in the self-expandable valve group (26.4 % vs. 
19.4 %;  p  < 0.001), while there was no signifi cant sex difference in the balloon- 
expandable valve group (9.3 % vs. 8.4 %;  p  = 0.15) [ 1 ]. 

 These results are consistent with Zhao’s meta-analysis including 1719 men and 
2145 women. In studies that predominantly used the CoreValve, heart block requir-
ing permanent pacemaker implantation was a common complication after TAVI, 
with an incidence of 31.3 % for men and 24.7 % for women. However, the rate of 
postprocedural pacemaker implantation was much lower in studies mainly using the 
Edwards valve: 8.0 % in men and 7.4 % in women [ 11 ].   

8.4     Outcome in Women 

 Most follow-up studies according to gender concern short- (30 days) or medium- 
term (1–2 years) results; there are no long-term (5 years) data [ 3 – 10 ]. 

8.4.1     30-Day Outcome 

 Hayashida provided the fi rst precise description of sex-related differences, in 260 
patients with severe AS undergoing TAVI using both the Edwards valve and the 
CoreValve. Female gender was associated with lower comorbidity and lower 
EuroSCORE (22.3 ± 9.0 % vs. 26.2 ± 13.0 %;  p  < 0.005), although no signifi cant 
relationship with 30-day mortality was seen (12.2 % vs. 17.8 %;  p  = 0.207) [ 2 ]. 

 In the OBSERVANT registry (725 patients), EuroSCOREs did not differ accord-
ing to gender (15.9 ± 16.1 vs. 14.6 ± 12.0;  p  = 0.23), and female gender did not 
impact risk-adjusted 30-day mortality [ 6 ]. 
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 Humphries’ study, with balloon-expandable valves in a majority of patients and 
more apical approaches in women than men (52 % vs. 38 %), showed signifi cantly 
greater 30-day mortality in men (11.2 % vs. 6.5 %;  p  = 0.05). After adjusting for grade 
3/4 AR, mitral regurgitation grade 3/4, access route, estimated glomerular fi ltration 
rate, heart failure, chronic obstructive pulmonary disease, prior myocardial infarction, 
coronary artery disease, STS-PROM score, AVA index, mean aortic gradient, prior 
revascularization, porcelain aorta, ejection fraction, and site, the female odds ratio 
(OR) for 30-day mortality was 0.39 (95 % CI, 0.19, 0.80). In a parsimonious model, 
with only the fi rst fi ve covariates, the female OR was 0.37 (95 % CI, 0.19, 0.72) [ 8 ]. 

 In the FRANCE 2 registry (3972 patients), we sought to clarify the independent 
impact of gender on cardiovascular outcome. Absolute 1-month mortality was simi-
lar in men and women (Table  8.3 ). A signifi cant interaction between gender and 
EuroSCORE clearly emerged, with higher EuroSCORE proving predictive of excess 
mortality solely in male patients (hazard ratio [HR], 3.44 [95 % CI, 1.77, 6.69]; 
 p  < 0.001). In this model, female gender was associated with an HR of 2.59 [95 % CI, 
1.30, 5.17] ( p  = 0.013). The other independent predictors for 1-month mortality were 
apical approach (HR, 1.78 [95 % CI, 1.10–2.87];  p  = 0.020) and moderate to severe 
postprocedural AR (HR, 2.46 [95 % CI, 1.57–3.85];  p  < 0.001) [ 4 ]. 

 In a retrospective sub-analysis of high-risk symptomatic AS in the PARTNER 
trial, male and female subjects had similar 30-day and periprocedural mortality (6 % 
vs. 6.8 %) [ 10 ]. 

 In O’Connor’s meta-analysis there was no impact of gender on short-term mor-
tality despite the fact that female patients had signifi cantly higher rates of peripro-
cedural adverse events (men, 6.5 % vs. women, 6.5 %;  p  = 0.93). In an analysis of the 
associations of these periprocedural events with 30-day mortality, no signifi cant 
differences were observed between women and men with respect to the impact of 
major vascular complications (OR, 2.57; 95 % CI, 1.87, 3.57;  p  < 0.001 vs. OR, 
2.78; 95 % CI, 1.85, 4.12;  p  < 0.001) or major bleeding (OR, 9.64; 95 % CI, 7.27, 
12.79;  p  < 0.001 vs. OR, 10.20; 95 % CI, 7.64, 13.65;  p  < 0.001). However, stroke 
appeared to have a more signifi cant impact on short-term mortality in men than in 
women (OR, 15.4; 95 % CI, 11.59, 20.48;  p  < 0.001 vs. OR, 20.65; 95 % CI, 15.30, 
27.87;  p  < 0.001). This may in some part explain the lack of sex difference at 30 
days despite more periprocedural events [ 1 ].  

8.4.2     Medium-Term Outcome 

 The effect of gender may be relevant to understanding the timing and appropriateness 
of PCI, but only a small number of studies, reporting variable results, have investi-
gated gender-specifi c differences in medium-term outcome after TAVI [ 2 – 4 ,  6 – 10 ]. 

 A recent meta-analysis on the topic reported better medium-term survival for 
women [ 13 ]. One of the most intriguing questions that it left unsolved, however, is 
the effect of female gender itself on outcome after TAVI; some of the included stud-
ies were adjusted for confounding variables [ 1 ,  4 ,  13 ,  20 ]. 

 In the UK National Institute for Cardiovascular Outcomes Research, survival sta-
tus was obtained in 1625 patients (99.9 %). For survivors, median follow-up was 475 
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days (interquartile range, 377–820 days). For the 433 patients who died, median time 
to death was 140 days (interquartile range, 28–382 days); of these, 237 (55.0 %) were 
men and 196 (45.0 %) women. There was no difference in survival between the sexes 
( p  = 0.331). One-year mortality in men and women, respectively, was 22.4 % (range, 
19.4–25.4 %) and 21.9 % (range, 18.7–25.1 %). On Cox proportional hazards analy-
sis, female gender gave a hazard ratio of 0.911 (range, 0.754–1.100) [ 7 ]. 

 In the FRANCE 2 registry, women showed lower 1-year mortality (19.3 % vs. 
23.7 %;  p  = 0.021). Independent predictors of 1-month to 1-year mortality were 
female gender (HR, 0.71 [95 % CI, 0.57, 0.88];  p  < 0.002), age >85 years (HR, 1.29 
[95 % CI, 1.04, 1.59];  p  = 0.020), EuroSCORE (HR, 1.36 [95 % CI, 1.09, 1.68]; 
 p  = 0.006), hostile thorax (HR, 1.42 [95 % CI, 1.10, 1.83];  p  = 0.007), New York 
Heart Association functional class III or IV (HR, 1.43 [95 % CI, 1.10, 1.86]; 
 p  = 0.008), renal failure (HR, 1.86 [95 % CI, 1.38, 2.52];  p  < 0.001), and moderate to 
severe postprocedural AR (HR, 1.68 [95 % CI, 1.32, 2.16];  p  < 0.001). No signifi -
cant interactions were detected [ 4 ]. 

 Twelve studies, totaling 7091 patients, reported on late mortality in Stangl’s 
meta-analysis. Although the lengths of the observation periods differed between 
studies, a survival advantage for women was apparent: 737 out of 3733 women and 
870 out of 3358 men died during follow-up, which corresponds to a 30 % lower risk 
in women (OR, 0.70 [95 % CI, 0.59, 0.82]). There was a moderate level of hetero-
geneity ( Q  = 19.31, DF = 11 ( P  = 0.06); I2 = 43.04 %, 95 % CI, 0.00, 71.03), therefore 
an M–H random model was used. Several factors may explain better outcome in 
women: differences in baseline characteristics and major bleeding complications 
(less frequent in women). 

 In a recent collaborative patient-level meta-analysis of 11,310 patients, median 
follow-up was 387 days (interquartile range, 192–730 days). The Kaplan–Meier 
survival curve showed a signifi cant survival advantage for women (log-rank 
 p  < 0.001) (Fig.  8.1 ). The 1- and 2-year survival estimates were 82.7 % (95 % CI, 
81.6 %, 84.0 %) and 74.0 % (95 % CI, 72.5 %, 75.4 %), respectively, for women and 
78.2 % (95 % CI, 77.0 %, 79.3 %) and 67.8 % (95 % CI, 66.3, 69.3 %), respectively, 
for men. In the Cox model for all-cause mortality, adjusted HR for female gander 
was 0.79 (95 % CI, 0.73, 0.86;  p  < 0.001).

   Independent predictors of late mortality are listed in Table  8.4 . Female gander 
was consistently associated with improved survival, regardless of valve type or 
access route. The most important fi nding of this study was that female gender was 
associated with survival advantage even after adjustment for baseline demographic 
and clinical factors and valve type [ 1 ]. For the authors, female patients continued to 
show better late survival despite signifi cantly higher rates of periprocedural adverse 
events (which had less impact than for men). Women also had longer life expec-
tancy and signifi cantly lower incidence of postprocedural moderate to severe para-
valvular aortic incompetence, probably because of more frequent under-sizing in 
men due to larger annular diameters, which appeared specifi cally associated with 
balloon-expandable valves, as reported by Ferrante [ 20 ]. Postprocedural AR ≥ 2 has 
been shown to be associated with poor outcome [ 1 ,  4 ,  5 ].

   Whether sex differences in postprocedural AR ≥ 2 could contribute to a mortality 
difference between women and men was recently investigated [ 20 ]. Six hundred 
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  Fig. 8.1    Kaplan–Meier plot of all-cause mortality (Modifi ed and reproduced from O’Connor [ 1 ], 
with permission)       

   Table 8.4    Predictors of long-term all-cause mortality   

 Death 
( n  = 3072) 

 No death 
( n  = 8417)   p  value 

 HR (95 % CI) 
multivariate 
model (Cox)   p  value 

 Age, years  82.2 ± 8.2  83.1 ± 7.2  <0.OO1  1.00 (1.00–1.02)  0.002 
 Women  1359 

(44.2) 
 4037 
(50.1) 

 <0.001  0.79 (0.72–0.87)  <0.001 

 BMI, kg/m 2   26.7 ± 5.4  25.9 ± 5.5  <0.001  0.98 (0.98–0.99)  <0.001 
 Peripheral vascular disease  1069 

(34.9) 
 2287 
(28.5) 

 <0.001  1.11 (1.01–1.21)  0.026 

 Previous PCI  658 
(23.4) 

 1526 
(19.4) 

 <0.001  0.93 (0.84–1.03)  0.17 

 Pulmonary disease  1070 
(34.8) 

 2258 
(28.0) 

 <0.001  1.32 (1.22–1.44)  <0.001 

 Renal insuffi ciency (CrCl 
<60 ml/min/1.73 m 2 ) 

 2138 
(70.8) 

 4952 (63)  <0.001  1.22 (1.11–1.35)  <0.001 

 Transfemoral access  1911 
(62.2) 

 5745 
(71.3) 

 <0.001  0.77 (0.71–0.85)  <0.001 

 Aortic incompetence 
(grade ≥2) 

 658 
(26.1) 

 1486 
(20.9) 

 <0.001  1.74 (1.46–2.07)  <0.001 

  Modifi ed and reproduced from O’Connor [ 1 ], with permission 
 Values are mean ± SD or  n  (%) 
  CI  confi dence interval,  HR  hazard ratio  
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fi fty-six AS patients (53.1 % female, 46.9 % male) underwent TAVI with the 
CoreValve (92.8 %) or Edwards SAPIEN system (7.2 %). Postprocedural AR ≥ 2 
was less frequent in women than in men (20.9 % vs. 29.6 %;  p  = 0.01). After a 
median follow-up of 434 days, all-cause mortality tended to be lower in women 
than in men (20.7 % vs. 26.6 %; log-rank  p  = 0.10) and was signifi cantly higher in 
patients with AR ≥ 2 than in those without (34.8 % vs. 19.7 %; log-rank  p  < 0.001). 
AR ≥ 2 [HR, 1.73; 95 % CI, 1.22, 2.43;  p  = 0.002] but not female gender ( p  = 0.17) 
was an independent predictor of all-cause mortality on multivariate Cox regression. 
The predictive value of AR ≥ 2 was restricted to men (HR, 2.96,  p  < 0.001 in men; 
HR, 0.86,  p  = 0.60 in women;  p  for interaction = 0.002). 

 Women, as compared to men, present a trend toward lower mortality following 
TAVI. A signifi cantly lower incidence of postprocedural AR ≥ 2 in women may 
contribute to this fi nding. 

 Take-Home Messages 
 There are signifi cant sex differences in complications and prognosis after 
TAVI. Although men have lower risks for major/life-threatening bleeding and 
major vascular complication after TAVI, they have less favorable short- and 
medium-term survival. 

 Comorbidities differ between the sexes. Female patients have less coro-
nary artery disease, peripheral vascular disease, cerebrovascular disease, and 
elevated creatinine 

 Complications are not the same. Females have higher risk for major/life- 
threatening bleeding, major vascular complications, and permanent 
pacemaker. 

 Women have signifi cantly better late survival. Lower 1-year mortality in 
women remains signifi cant after adjustment for confounders. 

 The logistic EuroSCORE is not a good predictor of mortality and appears 
unsuitable for 1-month prognosis estimation in female patients. The best way 
to determine gender impact on TAVI outcome will be to develop a TAVI- 
specifi c long-term mortality risk model utilizing a truly unselected patient 
population. It would be interesting to see whether female gender emerges as a 
“protective” factor in such a model. 

 It is tempting to speculate that technical improvements in the TAVI proce-
dure, reduction in sheath and valve sizes, and consequent decrease in vascular 
complications may further enhance the female advantage in outcome. 

 Additional investigations into treatment disparities and long-term outcome 
in women with severe AS treated by TAVI are warranted, because the cost- 
effectiveness of TAVI procedures in women could be further increased by 
women’s longer life expectancy. 

 Ongoing trials comparing conventional surgery with TAVI in medium-risk 
patients may be a way to demonstrate that women can benefi t from earlier 
TAVI than men. 
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  9      Mitral Valvuloplasty for Mitral Stenosis                     

     Benjamin     Beska    ,     Christopher     Eggett    , and     Vijay     Kunadian     

9.1          Introduction 

 Mitral valve stenosis (MS) is a progressive condition associated with signifi cant 
cardiovascular complications. It is rare in developed countries with a prevalence of 
around 0.02–0.2 % [ 1 ]. However, it remains a very common disease in the develop-
ing world, mostly due to the high prevalence of rheumatic fever and is therefore still 
responsible for a large burden of disease worldwide [ 1 ]. The established gold stan-
dard management of MS is percutaneous balloon mitral valvuloplasty (PBMV), and 
this chapter will discuss its use in women.  

9.2     Mitral Stenosis 

 Rheumatic heart disease is still by far the most common cause of MS with an esti-
mated 12 million people affected and 1.4 million deaths per year worldwide. The 
high incidence of rheumatic fever in developing countries, in addition to socio- 
economic factors such as household overcrowding and poor hygiene, may go some 
way to explaining the large differences in prevalence across the world [ 1 ,  2 ]. Even 
in developed countries, rheumatic heart disease accounts for 85.4 % of all cases of 
MS [ 3 ]. Degenerative causes, the second most common cause, account for only 
12.5 % [ 3 ]. Despite the ease of diagnosis and the effectiveness of the current 
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approach to management, it remains an important cause of morbidity [ 1 ]. The 
female predominance of rheumatic heart disease is well established, particularly in 
those of childbearing age, which may explain the higher proportion of MS in this 
group, occurring two to three times more commonly than in men [ 4 ]. 

 The pathophysiology is well described and is characterised by continued infl am-
mation and injury, predominately affecting the mitral valve, which progresses over 
decades to cause leafl et thickening, chordal shortening and commissural fusion [ 1 ]. 
The clinical syndrome associated with MS results from the gradual reduction of the 
normal mitral valve area (MVA) from 4–6 cm 2  to 1.5 cm 2 , when symptoms are usu-
ally present due to the increasing pressure gradient across the valve and the overall 
reduction in effective diastolic fl ow [ 1 ].  

9.3     Mitral Valvuloplasty: An Overview 

9.3.1     Inoue Technique 

 Since it was fi rst described by Inoue in 1984, PBMV has proved itself to be a 
safe, effective therapy associated with good short- and long-term outcomes [ 5 ]. 
The technique uses a transvenous approach and an atrial trans-septal puncture 
with the advancement and dilatation of a single Inoue balloon across the mitral 
valve [ 2 ]. The balloon is formed from a rubber and polyester mesh with a thicker 
band at its centre, a unique design that constricts the infl ation and forces the bal-
loon into an hourglass shape which helps balloon positioning during 
intervention.  

9.3.2     Double-Balloon Technique and Variations 

 The double-balloon technique is an alternative and involves the passage of two 
smaller balloons via two catheters which are infl ated simultaneously. It carries the 
risk of left ventricular perforation by the guide wire, which is thicker than the one 
required by the Inoue technique, or the tips of the balloons. Although few formal 
comparisons between the two approaches exist, both techniques have been shown 
to be effective with the double-balloon technique shown to provide slightly better 
haemodynamic results at the expense of ease of use. The better results are likely 
due to the mismatch between the round Inoue balloon and the oval shape of the 
mitral valve, with the double-balloon technique allowing for more effective dila-
tation [ 6 ].  

9.3.3     Metallic Commissurotomy 

 The cost of Inoue and double-balloon techniques, and their single-use nature, 
remains a problem in the developing world where the largest proportion of cases 
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exists. Metallic, reusable devices that can be autoclaved have similar properties 
after multiple uses [ 7 ], may help address this problem and improve the cost 
effi ciency of mitral valvuloplasty. The short-term results of these devices are 
good and achieve a post-procedural MVA comparable with Inoue and multi-
balloon techniques. Although studies of long-term results are sparse, metallic 
devices have low complication rates with good long-term symptom improve-
ment [ 7 ].   

9.4     Indication for Mitral Valvuloplasty 

9.4.1     Non-rheumatic Mitral Stenosis 

 In non-rheumatic MS, which is mostly age related, there is calcifi cation predomi-
nately of the annulus extending into the leafl ets, causing rigidity and narrowing 
without commissural fusion. PBMV is not recommended and is usually avoided in 
these cases. However, although some case reports have suggested its use in the pal-
liative management of poor surgical candidates with severe non-rheumatic MS, sur-
gical intervention is still seen as fi rst line.  

9.4.2     Rheumatic Mitral Stenosis 

 The investigation, indications and management of rheumatic MS are detailed com-
prehensively in joint guidelines from the American Heart Association (AHA) and 
American College of Cardiology (ACC) as well as guidelines from the European 
Society of Cardiology (ESC) [ 8 ,  9 ]. Patient selection for PBMV is very important in 
achieving the best outcomes, with echocardiographic assessment playing a key role. 

9.4.2.1     2D Transthoracic Echocardiography (TTE) 
 TTE is the technique of choice in evaluating symptomatic patients for PBMV and 
allows for a quantitative calculation of the severity and consequences of MS and 
semi-qualitative assessment of valve anatomy. PBMV is indicated in symptomatic 
patients with severe MS (MVA ≤1.5 cm 2  or a pressure half-time of ≥150 ms), 
favourable valve anatomy and without a left atrial thrombus in situ [ 8 ,  9 ]. The AHA/
ACC guidelines suggest with a weight of evidence that intervention should be con-
sidered in very severe disease (MVA ≤1.0 cm 2  or a pressure half-time of ≥220 ms) 
in asymptomatic patients with favourable anatomy and no left atrial clot [ 9 ]. In 
comparison, the ESC guidelines recommend that truly asymptomatic patients 
should not be considered unless there is a risk of thromboembolism or haemody-
namic decompensation [ 8 ]. PBMV can be offered to those with high surgical risk or 
in those that, despite unfavourable anatomy, have favourable clinical characteristics 
defi ned by the ESC as absence of old age, New York Heart Association (NYHA) 
class IV, severe pulmonary hypertension, atrial fi brillation (AF) or history of com-
missurotomy [ 8 ,  9 ].  
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9.4.2.2     Exercise Echocardiography 
 Exercise echocardiography should be used in those who complain of exertional 
symptoms out of proportion with the degree of stenosis to uncover any hidden hae-
modynamically signifi cant MS that may then require intervention. Even in patients 
with an MVA above 1.5 cm 2  on TTE, the AHA/ACC guidelines suggest that a mitral 
valve gradient >15 mmHg during exercise echocardiography or a pulmonary artery 
wedge pressure >25 mmHg may be an indication for PBMV, as intervention can 
lead to a clinical improvement.  

9.4.2.3     Assessment of Haemodynamic Severity 
 The assessment of haemodynamic severity should be carried out with echocardiog-
raphy by preferably calculation of MVA with planimetry or alternatively by deter-
mination of the pressure half-time, assessed with the Bernoulli equation [ 8 ,  9 ]. Both 
are well established and effective methods in determining disease severity [ 8 ,  9 ].  

9.4.2.4     Transoesophageal Echocardiography (TOE) 
 TOE should be performed to exclude a left atrial or left atrial appendage thrombus 
prior to PBMV [ 8 ,  9 ]. This is due to the high risk of embolisation of the clot caused 
by the guide wires or balloon catheters. If a clot is identifi ed, the patient should be 
warfarinised, the prothrombin time international normalised ratio (INR) controlled 
at a higher-than-normal level for 3–6 months; after which TOE is repeated to con-
fi rm dissipation of the thrombus; only then can the procedure can go ahead.  

9.4.2.5     Changing Signs and Symptoms 
 Worsening features of MS may be an indication for a previously stable patient 
with an established diagnosis to require intervention. Concurrent or new-onset 
mitral regurgitation or other valve lesion, atrial fi brillation (AF), fever, anaemia, 
hyperthyroidism or post-operative state may worsen severity, and in these cases, 
the use of TTE assessment with a view for intervention with PBMV is needed 
[ 9 ].  

9.4.2.6     Contraindications 
 It is important to be aware of contraindications when considering a patient for 
PBMV. Contraindications include [ 8 ] persistent left atrial thrombus, more than 
moderate mitral regurgitation, severe calcifi cation, absence of commissural 
fusion, severe aortic valve disease, combined tricuspid stenosis and regurgitation 
and concomitant coronary artery disease requiring coronary artery bypass 
grafting.    

9.5     Anatomical Considerations During Mitral Valvuloplasty 

 Mitral valve morphology and the presence of mitral valve calcifi cation are two 
important predictors of procedural success, and favourable anatomical characteris-
tics play an important role in the decision to intervene. 
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9.5.1     Mitral Valve Morphology 

 A number of scoring systems have been developed to aid clinical decision-making, 
the most well used being the Wilkins score (Table  9.1 ). The assessment of valve 
anatomy with this scoring system takes into account leafl et calcifi cation, leafl et 
thickening, leafl et mobility and subvalvular deformity with each graded qualita-
tively on a 1–4 scale. An inverse relationship exists between the Wilkins score and 
the success of PBMV with a cut-off of ≤8 refl ecting good short- and long-term 
outcomes [ 10 ]. However, the score’s predictive ability is not absolute, with some of 
those both around the cut-off score (in the so-called Wilkins score grey zone) and 
above it achieving good outcomes. AHA/ACC guidelines therefore recommend that 
severely symptomatic patients that are poor surgical candidates may benefi t from 
PBMV even with suboptimal anatomy [ 8 ]. In a study of 1050 consecutive patients 
undergoing PBMV in a tertiary centre, the baseline Wilkins score was found to be 
signifi cantly lower (7.47 vs. 8.02,  P  = 0.002) in women than in men [ 11 ], suggesting 
that in this cohort females with MS requiring intervention had more favourable 
valve anatomy.

9.5.2        Mitral Valve Area 

 The MVA, as previously discussed, is important in determining the haemodynamic 
severity of MS. Women have been shown, in limited studies, to have a larger pre- 
procedural MVA than men [ 11 ,  12 ].  

   Table 9.1    Assessment of mitral valve anatomy by the Wilkins score   

 Grade  Mobility  Subvalvular thickening  Thickening  Calcifi cation 
 1  Highly mobile 

valve with only 
leafl et tips 
restricted 

 Minimal thickening 
just below the mitral 
leafl ets 

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

 A single area of 
increased echo 
brightness 

 2  Leafl et mid and 
base portions have 
normal mobility 

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

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

 Scattered areas of 
brightness 
confi ned to leafl et 
margins 

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

 Thickening extending 
to the distal third of the 
chords 

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

 Brightness 
extending into the 
mid portion of the 
leafl ets 

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

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

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

 Extensive 
brightness 
through much of 
the leafl et tissue 

  Reproduced with permission from Wilkins et al. [ 25 ] 
 The Wilkins score is the sum of the four items and ranges between 4 and 16  
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9.5.3     Mitral Valve Calcification 

 In a previous study, Cruz-Gonzalez et al. found that in a series of 1015 patients that 
underwent Wilkins scoring prior to the procedure, women scored lower on the calcium 
component than men [ 11 ]. Later, Dreyfus et al. stratifi ed 464 patients undergoing echo-
cardiographic assessment into three groups depending on the extent of valve calcifi ca-
tion [ 13 ]. The group with no mitral valve calcifi cation had the highest proportion of 
females (81 %) compared with the group with the most signifi cant calcium burden 
which had the lowest (66 %). Females with valve calcifi cation were not found by Bouleti 
et al. to be a predictive factor for poor late functional results after PBMV ( p  = 0.18) [ 14 ].  

9.5.4     Annular Calcification 

 Annular calcifi cation, a feature increasingly associated with non-rheumatic, senile 
MS, causes narrowing without fusion of the commissures. It usually causes mitral 
regurgitation, and little is known about its natural history, but it has been found to 
be more frequent in patients diagnosed with MS than previously thought [ 15 ]. It is 
associated with coronary artery disease, stroke and chronic kidney disease rather 
than rheumatic fever [ 15 ]. The use of PBMV is avoided in these cases [ 9 ].  

9.5.5     Commissural Calcification 

 Commissural calcifi cation has been associated with poorer outcomes after PBMV, and 
the indication for the procedure in these circumstances is ambiguous [ 16 ]. Signifi cant 
commissural calcifi cation is often considered a relative contraindication [ 16 ]. 
Commissural splitting is the usual mechanism by which the procedure increases MVA 
and PBMV is unlikely to be able to split commissures able to resist deformation due to 
signifi cant calcium deposits. However, it should be noted that no current well-used 
echocardiographic scoring system includes an assessment of commissural calcium, but 
some scoring systems have been proposed to be used alongside Wilkins scoring. The 
initial studies investigating the impact of commissural calcifi cation found that calcifi ca-
tion of the commissures was associated with a lower procedural success, a higher occur-
rence of mitral regurgitation and a lower midterm survival [ 13 ,  17 ]. Current guidance 
from the ESC states that PBMV should still be considered in those with unfavourable 
anatomy (such as mitral commissural calcifi cation) but with favourable clinical charac-
teristics [ 8 ].   

9.6     Technical Issues Associated with Mitral Valvuloplasty 

9.6.1     Pregnancy 

 MS is one of the most common lesions found during pregnancy [ 1 ]. Pregnancy is 
a state that increases a woman’s intravascular volume by 30–50 % and cardiac 
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output by 70 % [ 2 ,  18 ]. This haemodynamic disturbance exacerbates the patho-
physiology of MS causing a gradual increase in the mitral valve pressure gradient 
and left atrial pressure, which may cause a relatively mild, asymptomatic MS to 
become decompensated and present during pregnancy [ 2 ,  18 ]. Without interven-
tion, women with MS and mild heart failure (NYHA class I or II) have a maternal 
mortality of 0.4 %, rising to 6.8 % to those with severe heart failure (NYHA class 
III or IV). 

 This usually results from progressive heart failure, particularly during the sec-
ond and third trimesters, and acute pulmonary oedema [ 19 ]. Obstetric risk mostly 
results from the risk of acute heart failure during delivery or immediately after-
wards, with the risk to the fetus increasing with NYHA class but usually resulting 
from prematurity, intrauterine growth retardation and stillbirth [ 19 ]. For mild MS 
in pregnancy, symptoms can be managed with medical therapy alone and are 
unlikely to cause serious problems [ 18 ]. ESC guidelines recommend that pregnant 
women with severe symptomatic disease should be considered for active interven-
tion with PBMV if the procedure can be carried out by a skilled operator using 
minimum radiation and with abdominal and pelvic shielding [ 19 ]. In terms of 
timing, the procedure should be delayed until after between 12 and 14 weeks to 
prevent radiation exposure during organogenesis and preferably performed after 
20 weeks [ 8 ]. 

 PBMV for symptom relief during pregnancy has been shown to have high 
procedural success rates and excellent short- and long-term maternal and fetal 
outcomes, with results comparable between pregnant and non-pregnant women 
[ 1 ]. Incidence of major complications is low with immediate symptomatic 
improvement and almost no adverse effect on the outcome of pregnancy [ 20 ]. A 
17-year follow-up study of children born from mothers who received PBMV 
agreed with the previous literature and found that development was normal in all 
cases with no long-term radiation-induced or haematological disease [ 20 ]. As 
pre-pregnancy symptoms predict the likelihood of serious adverse outcomes, it is 
advisable to counsel women with an established diagnosis of MS, even if asymp-
tomatic, against pregnancy and consider routine, pre-pregnancy intervention 
[ 18 ].  

9.6.2     Atrial Fibrillation 

 Atrial fi brillation (AF) is commonly associated with MS, occurring in between 40 
and 75 % of patients with symptoms [ 1 ]. Its pathophysiology in rheumatic MS is 
unique and likely stems from persistent rheumatic infl ammation, left atrial fi brosis 
and remodelling in addition to an increased left atrial size and left atrial hyperten-
sion resulting from the MS itself [ 1 ,  18 ]. A large left atrial size is an independent 
predictor of systemic embolism, death and development of AF regardless of MVA 
or the mitral valve pressure gradient. 

 The issue with AF in MS is twofold. One, it predisposes to thrombus formation in 
the left atria due to blood stasis and hypercoagulability resulting in thromboembolic 
complications [ 18 ]. Two, it reduces cardiac output and precipitates symptoms, 
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reducing exercise capacity and increasing morbidity [ 1 ]. It indicates the beginnings 
of a more severe, symptomatic phase of disease, and the AHA/ACC guidance recom-
mends that in asymptomatic patients with new-onset AF, the need for PBMV should 
be considered as expectant management [ 8 ]. Those with AF have worse immediate 
and long-term outcomes after PBMV, likely due to AF being a marker for unfavour-
able clinical and morphological features [ 21 ]. The presence of AF is an independent 
predictor for long-term major adverse cardiovascular outcomes after PBMV.  

9.6.3     Balloon Size 

 Selection of an appropriate balloon size is important in ensuring adequate split-
ting of the commissures without extensive damage, which may lead to iatrogenic 
mitral regurgitation and thus poorer outcomes [ 2 ]. With the fi nal MVA associated 
with long-term outcomes, a delicate balance is required. It has been previously 
suggested that an echocardiographic measurement of mitral valve diameter may 
provide a more accurate way of selecting balloon size [ 2 ]. Indeed, the MVA is 
routinely assessed in the workup for PBMV anyway. In a randomised control 
trial comparing current methods with novel, echocardiographic methods, the 
authors concluded that echocardiographic balloon sizing is a reasonable method 
that results in good PBMV outcomes and a good post-procedural MVA and may 
decrease the risk of iatrogenic mitral regurgitation [ 22 ]. It is important to men-
tion, however, that the literature on balloon sizing is limited, and the study was 
not adequately powered to make a defi nitive conclusion due to its small sample 
size ( n  = 86). In addition, women may have a larger pre-procedural MVA than 
men [ 11 ,  12 ], and this may not be taken account of in the current balloon refer-
ence size method.  

9.6.4     3D Echocardiography 

 Echocardiography is the main diagnostic imaging method used in MS and to eval-
uate patients’ need for PBMV. 2D imaging is currently the main method used, but 
3D echocardiography is increasingly being utilised and may allow greater accu-
racy [ 9 ], achieving excellent images of mitral valve anatomy (Fig.  9.1 ). 3D echo-
cardiography in comparison allows for a more accurate and reproducible 
calculation of MVA by planimetry than 2D imaging with excellent interobserver 
and intraobserver agreement. Recently introduced real-time 3D TOE improves 
image quality further and provides very detailed anatomical images for the opera-
tor [ 4 ]. Schlosshan et al. found that 3D TOE allows for excellent assessment of 
commissural fusion and a more accurate calculation of MVA than 2D imaging 
which tended to overestimate [ 23 ]. Post-procedure 3D echocardiography allows 
for an accurate assessment of the success of PBMV by unique visualisation of the 
extent of commissural splitting.
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9.7         Outcomes 

 PBMV results in a very high rate of procedural success, defi ned as a post-procedural 
MVA of >1.5 cm 2 , in nearly 90 % of patients. Very good short- and long-term out-
comes have been consistently described in a large body of literature, and it is estab-
lished that it is a safe, effective technique in the management of MS. It should be 
noted that given the higher incidence of MS in females, the patient samples studied 
in these series are gender-biased with the signifi cant majority of participants being 
female. 

 Tomai et al. recently set out to report the very long-term results in 482 patients, 
83.3 % female, up to 20 years after PBMV, the longest follow-up reported so far 
[ 24 ]. The study found a 20-year rate of cardiovascular survival without re- 
intervention of 36 % and that a large proportion of patients still had a good outcome 
two decades after intervention, agreeing with previous studies that were limited by 
a shorter follow-up. Although the number of procedures is decreasing over time 
because of the decreasing incidence of rheumatic MS, in those that require interven-
tion, the procedure is still valuable and effective. 

 The literature evaluating the relationship between sex and PBMV is limited 
and inconsistent. Tomai et al. found that male gender was an independent predic-
tor for poorer long-term outcomes ( p  = 0.004). A previous study by Bouleti et al. 
( n  = 2014, 83 % female) also found this association, which may be due to a link 
between valve calcifi cation and sex, with the impact of valve anatomy being 
more signifi cant in men [ 14 ]. In contrast, Cruz-Gonzalez et al. directly compared 
male and female outcomes in 1015 patients (83 % female), and although they 
also found that women had less mitral calcifi cation, they were also less likely to 
achieve procedural success and had poorer long-term outcomes and were more 
likely to need to undergo surgical valve replacement, probably due to a lower 
post-procedural MVA [ 11 ]. 

a b c

  Fig. 9.1    3D echocardiography visualising the mitral valve orifi ce showing increasing stenosis and 
deformity of the valve. Image A shows a normal mitral valve appearance; image B shows mild 
calcifi cation of the mitral valve leafl ets; and image C shows severe stenosis affecting the haemo-
dynamics of the mitral valve       
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      Conclusion 

 Despite the falling incidence of MS, particularly of rheumatic origin, in the 
Western world, PBMV remains a safe procedure with good outcomes in the man-
agement of rheumatic MS in women.     
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10.1          Introduction 

 Mitral regurgitation (MR) is caused by primary valve abnormalities (degenerative 
mitral regurgitation, DMR) or is secondary to left ventricular failure and enlarge-
ment (functional mitral regurgitation, FMR). 

 Degenerative MR involves primary abnormalities of the leafl ets, most commonly 
from myxomatous degeneration, whereas in FMR, the valve apparatus is normal, 
and insuffi ciency occurs as a consequence of adverse left ventricular (LV) remodel-
ling, with papillary muscle displacement, leafl et tethering and annular dilatation. 

 Regardless of its aetiology, severe MR is associated with deterioration of LV 
function and congestive heart failure, leading to high rates of morbidity and mortal-
ity [ 1 ,  2 ]. 

 Nevertheless, different aetiologies of MR infl uence indication and treatment, for 
European and American guidelines indicate surgery as the best treatment (class Ia), 
while in functional MR it is considered less effective (class IIb) [ 3 ]. As a matter of 
fact, the long-term success of the surgical treatment in ischemic or non-ischemic 
FMR is not signifi cantly better than medical therapy, and this is one of the reasons 
why approximately the 40 % of patients are not treated [ 1 ]. These patients more 
frequently are older, with a poor ejection fraction and comorbidities. 

 Moreover though mitral valve surgery has been proven to be effective also in 
octogenarians, it is important to remind that in these cohorts of patients, the mortal-
ity is considerable, and age is one of the mortality predictors [ 4 ]. 

 Recently mitral percutaneous valve repair (PMVR) has been taken into account 
as a possible safer procedure for these elderly, high-risk patients [ 5 ]. Though there 
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are few more new devices that currently recently arrived on the market, until now 
the more widely used procedure is the leafl et repair by MitraClip. 

 The safety and effi cacy of the percutaneous correction with MitraClip has been 
proven by many studies, and the randomised EVEREST II trial demonstrated higher 
safety but less effi cacy versus the surgery defi ned as lower reduction of the regurgi-
tation [ 6 ,  7 ]. The follow-up at 4 years has confi rmed the success of the percutaneous 
approach and its durability [ 8 ]. Though it is important to underline that this ran-
domised trial includes a wider population of DMR (72 % versus 28 %), while in real 
world practice, the percutaneous approach is more frequently used in FMR [ 4 ,  9 ]. 

 In a recent review of nearly 3000 patients evaluated in 16 studies, this procedure 
showed a low 30-day mortality although the 90 % of the population was at high risk 
and the majority were FMR. Nevertheless at follow-up, the patient had a worse 
prognosis than patient with lower risk, mostly due to their comorbidities [ 10 ].  

10.2     Gender Differences 

 While gender difference was described in mitral valve surgery, little is known on 
PMVR. The surgical experience revealed some gender-specifi c differences regarding 
valve pathology, surgical technique and outcome at follow-up. Recently in an experi-
ence with a cohort of more than 3500 patients treated with minimal invasive MV sur-
gery, women were 5 years older, with a higher EuroSCORE, higher amount of calcifi ed 
leafl et and apparatus and more frequent valve stenosis, while men showed a larger 
annulus dilatation. These differences turned out to a higher number of mitral valve 
replacements (MVRs) than repair and a long-term worse survival when compared to 
men ( p  < 0.0001) [ 11 ]. The difference can be observed early after the operation, with 
survival curves diverging already a few months later. This can be explained by greater 
preoperative risk and a higher incidence of MV replacement in females [ 12 ]. 

 Very little has been analysed on gender differences in high-risk patients treated 
with MitraClip both during the procedure and at follow-up. At the moment, there is 
no prospective study evaluating likelihood differences in females. 

 Nevertheless recently few papers about gender differences have been published 
on retrospective analysis from registries and multicenter experience [ 13 – 15 ].

 Female  Male  P  Female  Male  P  Female  Male  P 

 Hofman [ 15 ]  Estévez [ 14 ]  Attizani [ 13 ] 
 Female patients, n  205  362  <0.0001  64  109  <0.0001  65  106  <0.0001 
 Age, %  76  72  <0.0001  79  74  0.001  74  71  0.01 
 EuroSCORE, %  I 

 24 
 I 
 23 

 0.6  I 
 19 

 I 
 18 

 0.6  II 
 8 

 II 
 8 

 0.8 

 MR aetiology, 
FMR, % 

 68  83  0.004  48  58  0.2  75  82  0.3 

 COPD, %  –  –  –  27  14  0.03  22  22  0.4 
 Previous MI, %  21  38  <0.0001  20  46  0.001  20  42  0.003 
 Renal failure, %  34  46  0.007  39  48  0.04  55  43  0.2 
 Ejection fraction 
(<40 %), % 

   37    62  0.007    48    42  0.06    38    34  0.05 

A.S. Petronio



141

 Female  Male  P  Female  Male  P  Female  Male  P 

 Procedural 
success, % 

 99  99  0.9  97  98  0.6  98  99  0.6 

 >1 clip 
implanted, % 

 28  46  <0.0001  30  40  0.2  37  48  0.15 

 1 year overall 
survival, % 

 81  82  0.6  79  82  0.8  86  87  0.7 

 On the other hand, unlike percutaneous aortic stenosis, PMVR includes a wide, 
various range of patients with MR with different aetiologies in which gender char-
acteristics are differently represented and should not be evaluated as a hole.  

10.3     Procedural Results and Outcome 

10.3.1     Procedural Details 

 In all cohort of patients where a gender analysis was carried out, there is a wider 
representative of FMR for in real-world experience, this is the most commonly 
treated MR. The 60 % of this pathology is ischemic, and in all studies on FMR, the 
population is mainly represented by males with previous myocardial infarction, 
wider ventricle and annulus dimensions and poor EF percentage. Conversely women 
are older and have small BSA and smaller annulus dimensions and are affected 
more by DMR. As DMR is usually well treated by surgery, this cohort has less 
comorbidities, but is signifi cantly older. 

 These differences in aetiology and basal characteristics mainly determine some 
procedural differences. In the gender analysis from the ACCESS data in 2013, on 
567 patients (205 female, 362 male), while the procedural success was similar, >2 
clips were used more in male than in female (42 % versus 27 %) with a shorter fl uo-
roscopy time (<0.0364) in the latter [ 15 ] (Fig.  10.1 ). Moreover in another study, a 
negative correlation between BSA and post-procedural gradient was found, and the 
correlation was highly signifi cant when authors divided the population in quartiles; 
most patients in the fi rst quartile were women (54.5 % versus 9 %,  p  < 0.0001), and 
a trend towards a higher gradient and deployment of fewer clips was found. 
Nevertheless the procedural results and success were similar [ 14 ]. It seems impor-
tant then to balance in women with small BSA and especially DMR the degree of 
MR reduction with the increase of gradient.

10.3.2        Outcome and Follow-Up 

 Differently from surgery, all studies on gender behaviour after PMVR experienced 
that both genders respond similarly irrespective to the older age of women cohort 
[ 13 ,  15 ]. In all studies, 1-month or 1-year follow-up shows similar if not superim-
posable curves. Nor combined endpoints or rehospitalisation seems to be different 
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between the two. The only trend to a less clinical improvement was identifi ed in 
women with very little BSA though death and readmission did not differ [ 14 ]. This 
last observation could be related to higher frailty in this group of old women that 
can explain the more diffi cult recovery after treatment. Probably due to a smaller 
annulus dimension, though women were treated with <2 clips at midterm follow-up, 
no differences were found in the degree of the reduction of MR and NYHA class 
improvement. This last observation could be, if widely proven, of great importance 
for this particular population is the someone that in the surgical experience gener-
ally is treated with MVR and worse prognosis [ 11 ]. 

a

c

b

d

  Fig. 10.1    Transoesophageal three-dimensional echocardiographic reconstruction of the mitral 
valve annulus in a woman ( a ) and in a man ( b ) affected by functional mitral regurgitation. The 
mitral valve quantifi cation showed smaller annulus dimensions in the woman compared to man. 
Due to a smaller annulus, the woman was treated with  1 clip  ( c ), while the man with  2 clips  ( d )       
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   Conclusion 
 These preliminary results reassure the potential of MitraClip therapy as an alter-
native to surgery in high-risk patients regardless of the gender. Conversely to 
surgery and despite to higher-risk patients, this new therapy relatively novel and 
considerably less invasive can attenuate differences observed in old women who 
undergo conventional MV surgery. 

 By the way as previously mentioned, more studies are essential as there is still 
a lack of information on gender differences especially according to the different 
aetiologies in MR.    
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  11      Surgical and Percutaneous Treatment 
of Tricuspid Valve Insufficiency                     

     Alessandra     Sala     and     Francesco     Maisano    

      The prevalence of tricuspid regurgitation (TR) in the general population is 24 % 
with gender-specifi c incidence of 28 % in women and 19 % in men [ 1 ]. 

 Functional tricuspid regurgitation (FTR) is the most common etiology of tricus-
pid valve pathology. FTR has been disregarded for a very long time, due to fi rm 
belief that treatment of left-sided pathologies would lead to the resolution of tricus-
pid insuffi ciency. A more aggressive surgical approach has been proposed, but sur-
gical treatment is still strongly avoided in response to reports underlining poor 
outcomes. Interest has been growing in the fi eld of tricuspid valve pathology and 
treatment, with increased attention over surgical indications and possibly exploiting 
new percutaneous procedures. 

11.1     Anatomy 

 The tricuspid valve orifi ce is roughly triangular, largest among the four cardiac 
valves, and delimited by three leafl ets: the anterior is the largest one, has a quadran-
gular shape, and is interposed between the atrioventricular orifi ce and the conus 
arteriosus; the posterior leafl et is the smallest one, triangular in shape, and charac-
terized by multiple scallops; the septal leafl et is the least mobile, has a semicircular 
shape, and is parallel to the membranous interventricular septum. The subvalvular 
apparatus is made up of chordae tendineae, which directly attach to the leafl ets, 
preventing their prolapse into the right atrium, and papillary muscles that originate 
within the right ventricle and vary in number (from two to nine). There are three 
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groups of papillary muscles: anterior, posterior (frequently bifi d or trifi d), and septal 
ones. The septal leafl et also receives chordae tendineae from the interventricular 
septum. The tricuspid valve annulus is a complex 3D structure, elliptical in shape, 
the highest point being anterolateral, and the lowest aspect being the posteroseptal 
one (Fig.  11.1 ). This specifi c non-planar confi guration should be taken into account 
when analyzing pathologically dilated annuli, which tend to lose their physiologic 
3D shape and acquire a more oval and bidimensional shape.

   When dealing specifi cally with women, not many anatomical differences are 
noted, with the exception of smaller body size (smaller body mass index (BMI)), 
hence smaller hearts, impacting on the dimensions of the tricuspid apparatus. 
However, females are subjected to complex cyclical sex hormone status, which 
plays an important protective role until menopause onset; estrogen has inhibitory 
effects on smooth muscle cell proliferation and vasodilator effects, exerting protec-
tion against deterioration of RV relaxation and function [ 2 ].  

11.2     Epidemiology 

 Worldwide incidence of tricuspid regurgitation is 1 %. Prevalence of moderate to 
severe FTR is 0.8 %, affecting approximately 1.6 million individuals in the United 
States, and increases with advancing age. Tricuspid regurgitation is frequently pres-
ent in patients with a clinical history of mitral valve disease, and more than 30 % of 
patients with mitral stenosis have at least moderate TR. Severe TR has been reported 
in 23–37 % of patients after mitral valve replacement for rheumatic valve disease, in 
most cases being diagnosed as late as 10 years, on average, following the procedure. 
Furthermore, up to 14 % of patients undergoing surgery for functional mitral regur-
gitation secondary to dilated cardiomyopathy reported grade 3 or higher TR. 

 Prevalence of signifi cant TR is reported to be 4.3 times greater in women than in 
men, especially in redo cardiac surgery series [ 3 ]. Further assessing possible clini-
cal characteristics, gender, together with age and BMI, plays an important role as 
determinant of TR; more than a moderate degree of TR correlates with increasing 
age and with female sex, while an inverse association is generally seen between TR 
severity and BMI. All such associations require further investigations [ 4 ].  

Right atrium

Septal Anterior

Posterior

Right ventricle

  Fig. 11.1    Tricuspid 
annulus       
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11.3     Etiology 

 Tricuspid insuffi ciency is the most common pathology affecting the tricuspid valve. 
Secondary TR or FTR is the major etiology of tricuspid insuffi ciency in Western 
countries, accounting for 75 % of cases. 

 FTR is not related to primary leafl et pathology but secondary to other disease 
processes causing RV dilation, distortion of the subvalvular apparatus, tricuspid 
annular dilation, or a combination of these factors. Among the most relevant sec-
ondary causes are left-sided heart diseases (left ventricular dysfunction or mitral 
valve disease), any primary cause of pulmonary hypertension (chronic lung disease 
or pulmonary thromboembolism), and any cause of right ventricular (RV) dysfunc-
tion (myocardial disease or RV ischemia). 

 On the contrary, less common causes of tricuspid valve pathology (8–10 % of 
cases), affecting the valvular complex directly, include rheumatic disease, myxoma-
tous degeneration, congenital anomalies (Ebstein’s anomaly, ASD), endocarditis, 
carcinoid disease, and iatrogenic causes (pacemaker leads, defi brillators, drugs) [ 5 ].  

11.4     Pathophysiology 

 In order for the three leafl ets to correctly coapt during ventricular systole, all of the 
valvular complex components need to be functioning correctly. 

 The main mechanisms underlining FTR and preventing normal leafl et coapta-
tion are two: annular dilation and leafl et tethering. The tricuspid annulus (TA) is 
a component of both the valvular complex and the right ventricle; therefore, upon 
ventricular or annular dilation, there will be leakage of the tricuspid valve. 
Assessing pathologically dilated annuli shows a dilation occurring mainly in the 
septal-lateral direction, involving the free wall of the right ventricle, at the ante-
rior and posterior annular portion (Fig.  11.2 ). This results in a more circular shape, 
as compared to a more elliptical shape of healthy subjects. Patients with FTR have 
a peculiar asymmetric reduction in TA contraction, possibly related to a circular 
dilated TA, contributing to the extent of TR [ 6 ]. Flattening of the valvular annulus 
and progressive RV dilation cause consequent stretching and displacement of the 
papillary muscles, leading to an increased tethering effect on the valvular 
leafl ets.

a b

  Fig. 11.2    Tricuspid valve. ( a ) Normal tricuspid valve. ( b ) Dilated tricuspid valve annulus       
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11.5        Surgical Indications 

 The European guidelines (2012 ESC/EACTS) defi ne the most recent indications for 
surgical therapy of TR. 

 Current European and US guidelines (AHA/ACC) are reported in Table  11.1  [ 7 ].
   Both guidelines pose surgical indication in patients with severe TR undergoing 

concomitant left-sided valve surgery. European guidelines are more aggressive in 
posing suffi cient level of evidence for surgical treatments of patients with moderate 
TR and annular dilation (always in a setting of left-sided valve surgery) or cases of 
reoperations. Elseways, the AHA/ACC guidelines do not consider there is enough 
evidence to recommend correction of isolated FTR. Intervention is considered fea-
sible in patients with less than severe TR with concomitant left heart surgery and 
initial signs of RV dysfunction or annular dilation, or in severe cases of primary TR 
nonresponsive to medical therapy. An even lower recommendation (IIb) is for cases 
of moderate TR or of reinterventions. The main underlining reason for this conser-
vative approach and for late intervention is the certainty that simply treating left-
heart valves is suffi cient to improve tricuspid valve function. Reported evidence that 
TR does not simply regress suggests that a more aggressive approach on the tricus-
pid valve may help in early postoperative course and may prevent residual or pro-
gressive TR. 

 All studies conducted analyzing the proper timing for FTR surgical treatment 
took into consideration the importance of assessing preoperatively the annulus 

   Table 11.1    Guidelines for treatment of tricuspid regurgitation   

  2012 ESC/EACTS guidelines  
  Class I:  Severe primary or secondary TR undergoing left-sided valve surgery 
  Class I:  Symptomatic patients with severe isolated primary TR without severe RV dysfunction 
  Class IIa:  Moderate primary TR undergoing left-sided valve surgery 
  Class IIa:  Mild or moderate secondary TR with dilated annulus (>40 mm or >21 mm/m 2 ) 
undergoing left-sided valve surgery 
  Class IIa:  Severe TR, symptomatic or with progressive right ventricular dilation/dysfunction, 
after left-sided valve surgery 
  2014 AHA/ACC guidelines  
  Class I:  Severe TR undergoing left-sided valve surgery 
  Class IIa:  Mild, moderate, or greater functional TR at the time of left-sided valve surgery with 
either tricuspid annular dilation or prior evidence of right heart failure (HF) 
  Class IIa:  Severe primary TR unresponsive to medical treatment 
  Class IIb:  Moderate functional TR and pulmonary artery hypertension at the time of left-sided 
valve surgery 
  Class IIb:  Asymptomatic/minimally symptomatic severe primary TR and moderate or greater 
RV dilation and/or systolic dysfunction 
  Class IIb:  Reoperation for isolated tricuspid valve repair or replacement for persistent 
symptoms due to severe TR in patients with previous left-sided valve surgery and without 
severe pulmonary hypertension or signifi cant RV systolic dysfunction 

   ESC/EACTS  European Society Cardiology/European Association Cardio-Thoracic Surgery,  AHA/
ACC  American Heart Association/American College Cardiology,  TR  tricuspid regurgitation,  RV  
right ventricle,  HF  heart failure  
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dimension (dilation) rather than simply the entity of the regurgitant jet, based on the 
dependence of the latter on many variables (preload, afterload, and ventricular func-
tion) which may interfere with adequate TR severity grading. Dilation of the tricus-
pid annulus >40 mm or, more importantly in women with small BMI, indexed 
tricuspid annular dimension (>21 mm/m 2 ), is used as a marker for the choice of 
surgical treatment, with good clinical effi cacy and late functional results.  

11.6     Natural History 

 Patients suffering from TR can result completely asymptomatic for the disease or 
can present with varying degrees of heart failure. Presenting symptoms of fatigue 
and weakness are related to a decreased cardiac output, while right-sided heart fail-
ure leads to ascites, congestive hepatosplenomegaly, pleural effusions, and periph-
eral edema. Further fi ndings are atrial fi brillation and jugular venous distension. 

 Even if severe, tricuspid insuffi ciency can be tolerated functionally for many 
years. The importance of tricuspid regurgitation, regardless of the etiology, as a 
pathology that impacts on long-term survival is reported: more than moderate TR is 
to be considered a predictor of mortality, with a relevant difference in survival 
between severe TR (63.9 %) and no TR (91.7 %) [ 8 ]. 

 Conservative treatment has always been considered the gold standard for TR, 
with pharmacological therapy being the fi rst available choice, based on diuretics 
with fl uid and sodium restriction. Although this approach improves peripheral 
edema and heart failure symptomatology, the decrease in cardiac output may further 
exacerbate fatigue and dyspnea. Another category of drugs useful in reducing right 
ventricular overload and ventricular remodeling are angiotensin converting enzyme 
(ACE-I) inhibitors but an excessive reduction in central venous pressure may result 
in worsening of TR severity. These fi ndings suggest surgery as the most effective 
treatment for symptomatic TR.  

11.7     Surgical Treatment 

 Timing of surgical intervention remains controversial, as the tricuspid valve can be 
approached with an isolated surgical technique, concomitantly to left heart proce-
dures or late after mitral valve surgery. 

 Isolated signifi cant TR, in the absence of left heart disease, should be surgically 
addressed early in the course of the disease before the occurrence of irreversible 
right ventricular dysfunction and prominent pulmonary hypertension. Survival rate 
in treated patients is higher than in those with severe TR medically managed. Higher 
mortality in the untreated population is related to the main consequences of long- 
standing severe TR, including hepatic failure, protein-losing enteropathy, and renal 
dysfunction [ 9 ]. 

 Surgical treatment of secondary TR remains an object of debate. Surgical absten-
tion continues in many centers to the present day. This is the case of mitral valve 
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repair (MVR) or replacement, in which up to 43 % of patients also suffer from TR, 
contributing to poor postoperative hemodynamic results (even after successful 
mitral valve repair), and increasing severity of TV insuffi ciency. Many studies, 
assessing both moderate and severe TR, have demonstrated how concomitant TV 
repair is reasonable and provides an opportunity to prevent progression and devel-
opment of right ventricular dysfunction (progression of 2 TR grades in 48 % of 
untreated patients) and signifi cantly improves New York Heart Association (NYHA) 
functional class and survival in patients with right ventricle remodeling [ 10 ]. 

 New onset TR is signifi cant (incidence of 27 %) more than 5 years following left- 
sided valve surgery. The main preoperative factors increasing the risk of developing 
late FTR are atrial fi brillation, previous MV surgery, bigger LA dimensions, 
enlarged right ventricle, and dilated tricuspid annulus. All patients that develop FTR 
have lower event-free survival and poorer prognosis. Tricuspid regurgitation is an 
independent factor for persistent or recurrent congestive heart failure and all-cause 
death [ 11 ]. Many retrospective studies have demonstrated very poor outcomes for 
reoperation in this category of patients, with an average in-hospital mortality rate of 
25 % and a 45 % 5-year survival. This is especially true in the female population, in 
which poorer outcomes following heart valve surgery have been described. Women 
more commonly undergo redo cardiac surgeries in this context, and those subjected 
to TV replacement have a trend toward higher in-hospital mortality. On the other 
hand, long-term mortality rate has not been associated to gender [ 12 ]. 

 Poor outcome of tricuspid valve repair long after left-sided valve surgery is 
mainly related to delayed surgical approach, long-standing pharmacological man-
agement, refractivity to medical therapy, and development of hepatorenal dysfunc-
tion. Right ventricular dilation and dysfunction tend to be prominent at this stage, 
resulting in a poor postoperative response. The vicious circle should be interrupted 
early on in disease progression, especially considering the low risk of tricuspid 
valve repair, the high prevalence of late secondary TR, and the inability of reliably 
predicting which patients will develop secondary TR. Tricuspid valve surgical 
repair requires no more than 30 min, with limited impact on the time of cardiopul-
monary bypass and can be performed on a beating heart without the need of pro-
longed clamp time. All these factors render increased mortality for concomitant 
mitral and tricuspid valve repair negligible, but more importantly offer a survival 
benefi t by preventing late secondary TR, a condition characterized by high mortal-
ity and morbidity, especially in women.  

11.8     Surgical Options 

 Current surgical therapy for functional TR mainly focuses on correction of annular 
dilatation, by TV annuloplasty, reducing the anteroseptal diameter, valve cross- 
sectional area, and restoring the three-dimensional valve anatomy. Annuloplasty 
can either be performed with suturing techniques or with ring implantation. 

 Surgical exposure of the tricuspid valve is accomplished through a full sternot-
omy approach or less invasive right minithoracotomy. Cannulation for conventional 
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sternotomy is performed as a bicaval one to isolate the right atrium; femoral vein 
and artery cannulation are generally used in case of minithoracotomy. Whenever 
left-sided valve repair or replacement is performed, cold cardioplegic arrest should 
be gained. Adequate tricuspid valve exposure allows correct assessment of the 
regurgitation mechanism and avoids suture misplacement. Particular attention is 
used in preventing damage to the right coronary artery that lies adjacent to the ante-
rior valve leafl et hinge, to the bundle of His, and to the atrioventricular node, which 
is found in the atrial septum bordering the septal leafl et. Right minithoracotomy 
approach is generally preferred in the reoperative setting, avoiding adhesions and 
the possibility of injuring the right ventricle during sternotomy. 

11.8.1     Suturing Techniques 

 The two most used suture techniques are the modifi ed Kay bicuspidalization sur-
gery and De Vega annuloplasty (Fig.  11.3 ). The former is accomplished by passing 
pledgeted mattress sutures from the anterior-posterior to the posteroseptal commis-
sure; when the suture is pulled, the posterior leafl et will be obliterated. The latter is 
characterized by two parallel running sutures, placed at the junction of the annulus 
and RV free wall, going from the anteroseptal to the posteroseptal commissure, both 
in the same clockwise direction; when tightened, it produces a pursed-string effect, 
reducing the length of the anterior and posterior annulus. Both these techniques are 
preferably performed in mild to moderate TR, since their durability is variable.

11.8.2        Ring Annuloplasty 

 Prosthetic ring annuloplasty permanently fi xes the annulus in systolic position by 
suturing a fl exible or rigid ring and reducing the overall annulus diameter 
(Fig.  11.3d ). The length of the base of the septal leafl et (the intertrigonal distance) 
determines the size of the ring or band. The prosthetic ring is sutured with multiple 
interrupted pledgeted sutures, all inserted prior to seating the ring. Different pros-
thetic rings are currently available: fl exible, rigid, or 3D rings. 3D rings (Edwards 
MC3 and Contour 3D) are the latest ideated following close analysis of the altera-
tion of the three-dimensional shape in pathologic tricuspid annuli. Normal 2D rings 
would lead to fi xation of the valve in the pathological horizontal plane, with reported 

a b c d

  Fig. 11.3    Annuloplasty techniques. ( a ) Kay bicuspidalization suture placement. ( b ) Kay bicuspi-
dalization suture tying. ( c ) De Vega repair. ( d ) Prosthetic ring annuloplasty       
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recurrent TR in 20–30 % of patients. These remodeling annuloplasty rings have 
shown superiority, with freedom from recurrent TR at 3 years in 87.8 % of cases. 
Moreover, ring annuloplasty in general is associated with improved long-term sur-
vival and event-free survival and correlates with a trend toward fewer TV 
reoperations. 

 Another available surgery is the Clover technique, gained by stitching the free 
edges of the leafl ets together, leading to a valve with three orifi ces (Fig.  11.4 ). A 
tricuspid ring should always be implanted in order to correct annular dilation and 
deformation and stabilize the repair, preventing further dilation.

   None of the current surgical options have demonstrated to reach optimal repair 
results, with residual TR being reported in 14 % of patients early after surgery [ 13 ]. 
All currently available surgical options fail to address RV dilatation and leafl et teth-
ering, which seems to be the major determinant of recurrent or residual TR. Dreyfus 
et al. analyzed this aspect proposing tricuspid anterior leafl et augmentation with an 
autologous pericardial patch, to increase the surface area of the anterior cusp. As a 
consequence, there is increased surface area of coaptation with the septal and pos-
terior leafl ets and concomitant reduced tension within the right ventricle.  

11.8.3     Valve Replacement 

 Even though TV repair is preferred to replacement, whenever feasible, tricuspid 
valve replacement represents another surgical option. Hesitance with this approach 
is related to the high immediate perioperative morbidity and mortality rate and an 
increased risk of death (up to 3 % per year) in medium- to long-term outcomes. 
Valves are fi xed with pledgeted mattress sutures, using an everting suture technique 
for mechanical valves and an intra-annular technique for bioprostheses. Tricuspid 
leafl ets are generally left in place, preserving the subvalvular apparatus; however, if 

  Fig. 11.4    Clover technique        
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there is concern of the billowing of the anterior leafl et, possibly causing obstruction 
of the right ventricular outfl ow tract, then a portion of the leafl et can be excised. 

 Valve replacement can be performed with either biologic or mechanical valves. 
Mechanical valves have not been proven to be inferior with respect to biologic ones; 
however, due to lower fl ow rates in the right heart, there is an increased risk of 
thromboembolic events, posing indication to anticoagulation therapy with higher 
international normalized ratio (INR) ranges [ 14 ]. On the other hand, biologic valves 
undergo degeneration in time, with the formation of a pannus on the ventricular side 
of the prosthesis. Nowadays, various case reports have been published describing 
transvenous transcatheter valve-in-valve implantation following bioprosthetic valve 
failure, showing feasibility and effective outcomes. Such promising results require 
further evaluation but contribute to tipping the scale in favor of biologic prostheses 
and propose a new percutaneous approach for high-risk candidates.   

11.9     Percutaneous Options 

 Notwithstanding the importance of early intervention, patients currently referred for 
tricuspid valve surgery are high-risk individuals, frequently elderly, with a high 
percentage of reoperations, high pulmonary artery pressure, end-stage functional 
class, and concomitant pathologies. Such patients are commonly considered too 
high risk for open surgery, regardless of the mortality rate of tricuspid surgery. In 
this context, the need for percutaneous solutions is increasingly evident, and differ-
ent approaches are being investigated and proposed, in order to at least provide 
symptom alleviation and improvement of the quality of life in such population. 

 Transcatheter devices that have been successfully implanted are the Mitralign 
device and the TriCinch system. The former has been implanted in two patients for 
severe TR and works by plicating the posterior annulus, replicating the Kay bicus-
pidalization procedure. In-hospital results presented showed the ability in reducing 
right atrial pressure and annular area. The TriCinch system is designed to cinch the 
anteroposterior dimension of the annulus in order to improve leafl et coaptation [ 15 ]. 
The delivery system allows transfemoral fi xation of a stainless steel corkscrew into 
the anteroposterior TV annulus, connected to a self-expanding nitinol stent that, 
once tension and remodeling are applied to the TV, is deployed in the inferior vena 
cava via a Dacron band. Results of three patients, which reached the 6-months fol-
low- up within the CE Mark study, showed sustained improvement in symptomatol-
ogy and quality of life. Furthermore, bicaval stents, in the superior and inferior vena 
cavae, have been implanted in three patients up to date, aimed at reducing venous 
hypertension in the hepatorenal system. Results report 30 days improvement of 
NYHA functional class, RV function, RV and right atrial volumes, and diameter of 
the hepatic veins. 

 Few data are currently available regarding the feasibility and effi cacy of percuta-
neous tricuspid valve treatment, together with many challenging aspects that still 
need to be addressed: very large annulus diameter with an uncomfortable TA angu-
lation and low fl ow within the right ventricle with very prominent trabeculation. 
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Hence, new percutaneous TV technologies and procedures are needed to provide 
alternative options to patients currently neglected to surgery, to offer a valuable 
option in order to ameliorate their clinical condition and life expectancy. 
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  12      Left Atrial Appendage Closure                     

     W.     Hamm      and     A.     Bauer   

12.1          Introduction 

 Atrial fi brillation (AF) is the most common arrhythmia worldwide affecting about 
2–3 % of the population in Europe and North America [ 19 ]. Due to the relative sta-
sis in the left atrial appendage during AF, there is a tendency of clot formation. 
These clots might dislodge and cause embolic strokes. Atrial fi brillation is associ-
ated with a fi vefold increased risk of cerebral ischaemia and a twofold increased 
mortality rate [ 18 ]. Also, strokes related to AF are more severe with patients having 
a 50 % greater likelihood of becoming disabled or handicapped [ 8 ]. 

 Oral anticoagulation is an established and highly effective treatment for preven-
tion of stroke. Until recently, coumarin derivatives, such as warfarin, were predomi-
nantly used as anticoagulants. However, the use of warfarin is limited by its 
substantial bleeding risk, the need of strict coagulation monitoring as well as several 
food and medication interactions. In the last years, novel oral anticoagulants 
(NOACs) have emerged as an alternative for vitamin K antagonists. Although hav-
ing an improved effi cacy/safety ratio, less food and drug interactions as well as no 
need for monitoring, there is still a substantial bleeding risk. Especially patients 
with a history of severe gastrointestinal bleeding or other contraindications against 
long-term oral anticoagulation represent a challenge. 

 Since echocardiographic and autopsy studies suggested that the left atrial 
appendage (LAA) is the main source of thromboembolism in patients with (non- 
valvular) AF [ 10 ], mechanical approaches have been developed to close the 
LAA. As surgical strategies to exclude the LAA from systemic circulation are lim-
ited by their invasiveness and signifi cant rates of incomplete exclusion, minimally 
invasive techniques have been developed over the past two decades.  
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12.2     Procedure of Percutaneous LAA Occlusion 

 The principle of percutaneous left atrial appendage occlusion is the insertion of a 
plug in the LAA orifi ce via a percutaneous trans-septal access. The procedure is 
usually performed under general anaesthesia or conscious sedation with fl uoro-
scopic and transoesophageal echocardiography (TEE) guidance. Venous access is 
mostly obtained via the right femoral vein, allowing a more direct trans-septal 
approach compared to the left femoral vein. Trans-septal puncture is performed via 
the fossa ovalis guided by bicaval and short-axis TEE views. Before or immediately 
after trans-septal puncture, intravenous heparin is administered with a target- 
activated clotting time >250 s. Then, a marker pigtail catheter is advanced into the 
LAA, and angiograms are performed in various projections to allow for determina-
tion of LAA anatomy and measurements. A J-tipped stiff wire is advanced into the 
left upper pulmonary vein serving as rail for sheath access. After sizing has been 
completed based on the diameter of the LAA ostium, the occluder is delivered. 
Final release of the device is performed after position, anchoring and sealing of the 
occluder has been controlled by TEE and angiography. 

 After 3–6 months, TEE control or cardiac computed tomography angiography is 
usually performed to assess for residual leak as well as potential thrombus forma-
tion on the device.  

12.3     LAA Occlusion Devices 

12.3.1     The PLAATO Device 

 The PLAATO device (Percutaneous  LAA T ranscatheter  O cclusion device (Appriva 
Medical Inc.)) was the fi rst percutaneous device designed to be placed in the LAA 
orifi ce. An expandable nitinol-covered cage serves as scaffold, which is overgrown 
by tissue over time and thereby isolates the LAA from the rest of the atrium. The 
fi rst human implant was performed in 2001. However, although feasibility of the 
device was positively evaluated in a non-randomised study [ 11 ], it was withdrawn 
from the market for unspecifi ed commercial reasons.  

12.3.2     The Amplatzer Cardiac Plug 

 The Amplatzer Cardiac Plug (ACP, St. Jude Medical) was modelled after an atrial 
septal occluder and consists of a lobe and disc connected by a central waist. The 
matrix is made of a nitinol mesh; polyester patches are sewn on the lobe and disc. 
The second generation of the Amplatzer Cardiac Plug (ACP 2 or Amulet™, see 
Fig.  12.1 , Panel b1) has a greater diameter of the distal lobe and waist, an increased 
number of stabilising wires and an inversed disc end-screw to lower the profi le pro-
truding into the left atrium [ 2 ].
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a1 b1

a2 b2

a3 b3

a4 b4

  Fig. 12.1    Panel ( a1 ) shows the Watchman device (Boston Scientifi c), and Panel ( b1 ) shows the 
Amplatzer Cardiac Plug 2 (ACP 2 or Amulet™, St. Jude Medical). Below are images of two 
patients who received the respective LAA occluder because of contraindications for long-term oral 
anticoagulation: 2D transoesophageal echocardiography (Panels  a2  and  b2 ), 3D transoesophageal 
echocardiography (Panels  a3  and  b3 ) and fl uoroscopy (Panels  a4  and  b4 ). The occluder is marked 
by an  arrow . * TEE probe;  ×  delivery system;  LAA  left atrial appendage;  PM  pacemaker leads       
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12.3.3        The Watchman Device 

 The Watchman device (Boston Scientifi c; see Fig.  12.1 , Panel a1) is a further devel-
opment of the PLAATO device described above. The current generation consists of 
a self-expanding nitinol scaffold with fi xation anchors engaging the LAA tissue to 
stabilise the device. A polyethylene terephthalate (PET) membrane covers the niti-
nol frame, prevents embolisation of thrombi and allows endothelialisation.  

12.3.4     The Lariat System: A Hybrid Procedure (Surgical/
Interventional) 

 The Lariat suture delivery device (SentreHEART) uses a combination of an epicar-
dial and trans-septal access. A magnet-tipped wire is passed to the epicardial side of 
the LAA via a pericardial access. It meets a second magnet-tipped wire introduced 
via a trans-septal access. In a next step, a sling is advanced over the epicardial guide 
wire and tightened around the ostium of the LAA. A non-absorbable polyester 
suture fi nally ligates the appendage from the rest of the atrium.   

12.4     Clinical Evidence 

12.4.1     Watchman Device 

 In a pilot study, successful implantation of the Watchman device was observed in 
66 of 75 patients. Due to device migration after placement, the original device and 
delivery system have been modifi ed [ 15 ]. The PROTECT AF trial was the fi rst 
randomised controlled trial testing LAA closure by the Watchman device versus 
long- term warfarin therapy [ 14 ]. 707 patients with non-valvular AF from 59 cen-
tres worldwide were randomised (2:1) to receive the Watchman device or control 
treatment (warfarin). Patients in the device group took warfarin for 45 days to 
allow endothelialisation of the device. Warfarin was discontinued in case of com-
plete closure or signifi cantly decreased fl ow around the device as assessed by 
transoesophageal echocardiography. Patients in the device group were then treated 
with aspirin and clopidogrel for 6 months followed by aspirin indefi nitely. The 
main results of the study were published in 2009. During a median follow-up of 
18 months, the device group proved to be non-inferior with respect to occurrence 
of stroke, systemic thromboembolism and cardiovascular mortality [ 5 ]. Later on 
the 4-year results were published which even showed superiority of the device 
group with respect to the composite primary endpoint as well as all-cause mortal-
ity [ 14 ]. 

 A major concern of the PROTECT AF trial was the substantial number of safety 
events. Serious pericardial effusions occurred in 22 of the 463 patients randomised 
to LAA occlusion. Of these 7 underwent surgical intervention. Consequently, the 
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PREVAIL trial (Prospective Randomized Evaluation of the Watchman LAA Closure 
Device in Patients With Atrial Fibrillation versus long-Term Warfarin Therapy) was 
designed to address effi cacy and safety of the Watchman device compared with 
long-term warfarin therapy [ 6 ]. Early safety events (defi ned as 7-day occurrence of 
death, ischaemic stroke, systemic embolism, procedure- or device-related compli-
cations requiring major cardiovascular or endovascular intervention) occurred in 
2.2 % of patients in the Watchman arm, signifi cantly lower than in early results of 
the PROTECT AF trial. 

 The majority of data about LAA occlusion have compared devices versus war-
farin therapy. However, the patient population which would benefi t the most of an 
LAA occluder has not been studied extensively: patients with contraindications to 
long-term oral anticoagulation. The ASA Plavix Feasibility Study (ASAP) 
focused on patients considered ineligible for warfarin to determine whether 
implantation of a Watchman device could be safely performed without a transition 
period with warfarin [ 13 ]. After device implantation, patients were treated with 
clopidogrel for 6 months and ASA indefi nitely. Of the 150 enrolled patients which 
were followed up for a mean of 14.4 months, three of four strokes that occurred 
were ischaemic (1.7 % per year) refl ecting a 77 % reduction from the expected rate 
of 7.3 % based on the respective CHADS 2  scores of the patient cohort. 

 A recent meta-analysis included 2406 patients (5931 patient years of follow-up) 
from the PROTECT AF and PREVAIL trials and their respective registries 
(Continued Access to PROTECT AF registry and Continued Access to PREVAIL 
registry) [ 4 ]. In patients with non-valvular AF at increased risk for stroke and bleed-
ing, LAA closure with the Watchman device resulted in improved rates of haemor-
rhagic stroke (hazard ratio [HR]: 0.22;  p  = 0.004), cardiovascular/unexplained death 
(HR: 0.48;  p  = 0.006) and non-procedural bleeding (HR: 0.51;  p  = 0.006). While 
rates of all-cause stroke or systemic embolism (SE) were similar between the device 
and control group, more ischaemic strokes or SE could be observed in the device 
group (HR: 1.95;  p  = 0.05).  

12.4.2     Amplatzer Cardiac Plug 

 The procedural feasibility and safety of ACP implantation was initially evaluated in a 
retrospective pre-registry data collection [ 12 ]. Despite a 96 % closure rate (137 of 143 
patients), serious complications were observed in ten patients (three ischemic strokes, 
two device embolisms, fi ve pericardial effusions). Urena and colleagues reported a 
98.1 % successful implantation rate in 52 patients who did not tolerate or desire long-
term anticoagulation. There was one stroke (1.9 %), one transient ischaemic attack 
(1.9 %) and one major bleeding event (1.9 %) [ 16 ]. A comparison of safety and effi cacy 
of fi rst- versus second-generation Amplatzer occluders showed similarly high success 
rates. However, Amulet (second generation) was not superior regarding the combined 
endpoint death, stroke, cardiac tamponade and bail out by surgery [ 3 ]. A clinical trial 
comparing the ACP with optimal medical treatment is presently on hold.   
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12.5     Indication of the Procedure in Women 

 Indications for LAA occlusion do not differ between men and women. Generally, 
any prophylactic treatment for stroke prophylaxis in AF patients that has potential 
side effects is only reasonable if the risk for thromboembolic events exceeds a cer-
tain threshold. This also applies to catheter-based LAA occlusion. Current ESC 
guidelines recommend a CHA 2 DS 2 -VASc >2 as threshold value, while the more 
recent EHRA/EAPCI expert consensus document on catheter-based LAA occlusion 
found a threshold value of >1 reasonable [ 9 ]. Considering the fact that simply 
female gender increases the CHA 2 DS 2 -VASc score by one point, women are more 
likely to fulfi l the criteria for stroke prophylaxis including LAA occlusion than men. 
Generally, LAA occlusion is a treatment option in two types of patients: patients in 
whom LAA occlusion is an alternative to oral anticoagulation and in patients in 
whom it is not.

    1.    In the fi rst type of patients, data from randomised trials comparing catheter- 
based LAA occlusion with warfarin therapy are available, generally demonstrat-
ing non-inferiority of device therapy. Studies comparing LAA occlusion with 
novel oral anticoagulants are lacking. Accordingly, oral anticoagulation cur-
rently remains the standard of therapy. Nevertheless, it is consensus that advan-
tages and disadvantages of LAA occlusion should be discussed with a patient on 
an individual basis [ 9 ]. LAA occlusion might be the preferable treatment option 
in patients with high bleeding risk (e.g. HAS-BLED score ≥3) or renal failure. 
However, randomised studies are lacking.   

   2.    Patients with high thromboembolic risk but contraindications to oral anticoagu-
lation (e.g. history of signifi cant bleeding event) currently represent the most 
accepted clinical indication. However, it needs to be emphasised that these 
patients have been excluded from randomised trials on LAA occlusion. 
Observational studies suggest that LAA occlusion in these patients is effective 
(ASAP registry).    

  In summary, oral anticoagulation remains the standard therapy for stroke preven-
tion in AF patients. Nevertheless, LAA occlusion is a valid treatment alternative 
that should be evaluated on an individual basis.  

12.6     Anatomical Special Features of Women 
for the Procedure 

 There is controversial data whether different LAA morphology is associated with an 
increased stroke risk and whether morphologic parameters might serve for preop-
erative selection of the LAA closure device. In many studies, classifi cation of LAA 
morphology included LAA with an obvious band (Chicken Wing) and LAA without 
an obvious band (Wind Sock, Caulifl ower, Cactus) [ 17 ]. However, confl icting data 
regarding associations of different LAA morphologies with increased stroke risk 

W. Hamm and A. Bauer



163

might, at least in part, be explained by non-standardised classifi cation criteria as 
well as variation in and overlap of morphological categories [ 7 ]. There is no sub-
stantial data supporting a clinical relevant difference of LAA anatomy in men and 
women. However, women are on average smaller and might therefore have a more 
complex anatomy. There is also data that women are exposed to a higher risk for 
complications during invasive procedures [ 1 ]. 

 Current recommendations regarding the assessment of LAA anatomy include 
pre-procedural transoesophageal echocardiographic imaging to assess suitability 
for occluder implantation as well as to exclude pre-existing LAA thrombi. Due to 
its superior spatial resolution, cardiac computed tomography angiography (CCTA) 
also helps to examine LAA anatomy and dimension.  

12.7     Outcomes in Women 

 Most recent evidence comes from a patient-level meta-analysis including 2406 
patients with 5931 patient years of follow-up from the PROTECT AF and PREVAIL 
studies and their respective registries [ 4 ]. During a mean follow-up of 2.69 years, 
patients undergoing LAA occlusion with the Watchman device had signifi cantly 
fewer haemorrhagic strokes (0.15 vs. 0.96 events/100 patient years) and cardiovas-
cular/unexplained deaths (1.1 vs. 2.3 events/100 patient years) compared to warfa-
rin therapy. However, all-cause stroke or systemic thromboembolism was similar 
between both treatment arms (1.75 vs. 1.87 events/100 patient years) [ 4 ]. Although 
women are more likely to fulfi l the criteria for stroke prophylaxis in AF than men, 
women are underrepresented. Only 33 % of patients studied in randomised trials on 
LAA occlusion were female. However, subgroup analyses revealed that effi cacy of 
LAA occlusion was not affected by gender ( p  = 0.679). There are also no data that 
female gender is associated with increased complication rate. 

 Take-Home Messages 
•     Catheter-based LAA occlusion is an effective interventional treatment 

option for prophylaxis of thromboembolic events in AF patients.  
•   Randomised trials only exist for one device and in patients who are eligible 

for oral anticoagulation. LAA occlusion has been exclusively compared to 
oral anticoagulation with warfarin. In a meta-analysis of these studies, 
LAA occlusion proved to be non-inferior to warfarin with respect to the 
reduction of all-cause stroke.  

•   Randomised studies comparing LAA occlusion with novel oral anticoagu-
lants are lacking. The same is true for patients with contraindications to 
oral anticoagulation, in whom only observational data exist.  

•   Treatment decision for or against LAA occlusion should be based on an 
individual risk benefi t evaluation, taking into account the individual risks 
for thromboembolic and bleeding events. A high risk for thromboembolic 
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  13      Closure of Atrial Septal Defect 
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13.1          Introduction 

 Secundum atrial septal defects (ASDs) represent 10 % of all congenital heart dis-
ease and 40 % of those diagnosed after 40 years of age. The incidence of ASDs is 
two to three times higher in the female population. There are important gender 
issues outlined recently in the Dutch population [ 1 ]. Whilst adult men with secun-
dum ASDs may have worst survival than the age-matched population and a greater 
risk of morbidity, female patients have similar long-term survival as the general 
population. 

 Because of the left-to-right shunt, ASDs result in an increase in the pulmonary 
blood fl ow and an increase in the size of the right heart chambers. This is usually 
associated with normal pulmonary artery pressure in children and young adults, 
when the defect occurs in isolation. However, with increasing age, and beyond the 
second decade of life, progressive elevation in the pulmonary artery pressure and 
pulmonary vascular resistance may occur. Children and young adults with Down 
syndrome may develop pulmonary vascular disease at a much younger age. There 
may be increased tendency to arrhythmias, such as atrial tachycardias or atrial fi bril-
lation or fl utter in adults with unoperated atrial septal defects [ 2 ,  3 ]. Whilst men may 
develop cardiac failure and arrhythmias more frequently, women tend to develop 
pulmonary hypertension more frequently. Furthermore, when the defect is closed 
surgically beyond the age of 40 years, almost 60 % of the patients may continue to 
have persistent atrial arrhythmias [ 3 ].  
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13.2     Indications for Closure 

 Ideally closure of atrial septal defects should be performed before the onset of pul-
monary hypertension. This means that the defect should be closed preferably in 
childhood rather than waiting for adult age. However, inevitably there are many 
undiagnosed and unoperated adult patients, who are referred late for investigation 
and treatment in the modern era. The Qp/QS of 1.5:1 or more is generally accepted 
as an indication to close the defect. In adult patients, surgical closure of atrial septal 
defects in those over the age of 40 years may not confer an improvement in mortal-
ity, when compared with medical treatment, but there may be an improvement in 
their quality of life and a reduction in arrhythmias [ 4 ]. Elevation of pulmonary vas-
cular resistance of >5 Wood units and pulmonary hypertension with systolic pulmo-
nary artery pressure of >70 mmHg may be considered relative contraindications, 
unless detailed assessment with trial occlusion of the defect and response to pulmo-
nary vasodilators and oxygen during cardiac catheterisation indicates reversibility 
with reduction in the pulmonary artery pressures. In addition, in patients older than 
40–50 years of age, left ventricular dysfunction may occur and may present with 
management diffi culties, if the defect is closed without prior medical treatment with 
diuretics and vasodilators [ 5 ]. In adults with an atrial septal defect, the exercise 
capacity may be reduced with peak oxygen consumption of 50–60 % of predicted 
values in healthy control subjects [ 6 ]. The incidence of arrhythmias increases with 
increasing age. In particular, atrial fl utter and fi brillation have been reported to 
occur with increasing frequency beyond 40 years of age [ 7 ]. Mild to moderate pul-
monary hypertension may be common in adults [ 8 ]. Pulmonary vascular disease 
may be present in 5–10 % of adults with atrial septal defects, which have been left 
untreated, with a higher incidence in females [ 9 ]. Even at a younger age, in females, 
atrial septal defects may need to be assessed carefully and treated early.  

13.3     Catheter Closure 

 Catheter closure of secundum atrial septal defects was fi rst reported in 1974 by 
King and Mills [ 10 ]. Since then many devices have been developed and used in 
clinical practice, some of which have become obsolete as a result of improvements 
in technology. However, the continued development of these has widened the indi-
cations to close atrial septal defects. 

 A thorough evaluation is needed before advising closure of atrial septal defects. 
Transthoracic echocardiography is a simple tool for the diagnosis. It can help to 
confi rm the presence, the size and the location of the defect. Colour Doppler fl ow 
assessment is important in confi rming a left-to-right shunt. Furthermore, the pres-
ence of tricuspid regurgitation and pulmonary regurgitation provides some indica-
tions of the presence or absence of pulmonary hypertension. Additional use of 
three-dimensional imaging may help in evaluating the size of the defect and its 
surrounding rims [ 11 ]. However, in adults, poor acoustic windows due to factors 
such as obesity may hinder detailed assessment prior to advising closure of the 
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defect. Transoesophageal echocardiography is an essential tool in the diagnosis and 
detailed assessment of atrial septal defects, providing suffi cient information to help 
make decisions, such as whether the defect is operable, whether device closure is 
appropriate and indeed whether other treatment should be instituted before closing 
the defect. Magnetic resonance imaging has established a role in such assessment 
also [ 12 ,  13 ]. Additional information of the anatomy, such as pulmonary venous 
drainage, can be assessed more accurately with magnetic resonance imaging, as can 
baseline Qp/Qs quantifi cation and response to oxygen therapy, if there is concern 
about pulmonary hypertension. All of these are usually issues specifi c to the adult 
patients. There is no role for diagnostic cardiac catheterisation to confi rm the diag-
nosis in the modern era. Cardiac catheterisation should be reserved for the assess-
ment of pulmonary hypertension and to determine operability, and for proceeding 
with device closure, if this is deemed appropriate for the patient. 

 Atrial septal defects should be closed, when there is a signifi cant left-to-right 
shunt, with right heart dilation, and in patients with pulmonary hypertension, if 
there is evidence of reversibility [ 14 ,  15 ]. Atrial septal defects can also be closed, if 
the pulmonary vascular resistance is less than 2/3 of systemic vascular resistance (at 
baseline or after pulmonary vasodilator treatment) together with Qp/Qs of >1.5:1 
[ 14 – 16 ]. A baseline right-to-left shunt or pulmonary vascular resistance of eight or 
more Wood units is generally accepted as a contraindication to closure of the atrial 
septal defects.  

13.4     Benefits of Closing Atrial Septal Defects 

 There are benefi ts in closing atrial septal defects in adults, if there are no contrain-
dications mentioned above. Elderly patients may derive symptomatic improvement 
with closure of the defects, even if there is no impact on longevity [ 17 – 19 ]. Surgical 
closure of atrial septal defects, in the modern era, is associated with a very low mor-
tality and morbidity. There may be complications postoperatively, such as arrhyth-
mias, bleeding, pericardial and pleural effusions, but these are usually transient. 
Arrhythmias postoperatively may be more common in the elderly patients, adding 
to the morbidity [ 19 ]. 

 Since the original attempts at catheter closure of secundum atrial septal defects, 
there has been a great deal of improvement in the design of the devices, some of 
which have gone out of use, whilst the others have widened the indications. Some 
of these include Amplatzer septal occluders (St Jude Medical, St Paul, MN, USA), 
CardioSeal/StarFlex devices (NMT Medical, Inc, Boston, MA, USA), Figulla 
devices (Occlutech GmbH, Jena, Germany), Cera occluders (Lifetech Scientifi c, 
Shenzhen, China) and Helex devices (W L Gore & Associates, Flagstaff, AZ, USA). 
The technique of catheter closure of atrial septal defects is now well established. 
Transoesophageal echocardiographic guidance is important. Both cross-sectional 
and three-dimensional good quality images can be obtained in adolescents and adult 
patients (Figs.  13.1  and  13.2 ). The usual approach is from the femoral vein. A cath-
eter is passed through the defect into a pulmonary vein, such as the left upper or 
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  Fig. 13.1    Showing cross-sectional and colour Doppler transoesophageal echocardiographic 
images of a large atrial septal defect with a defi cient aortic rim       

  Fig. 13.2    Three-dimensional transoesophageal echocardiographic images with measurements of 
a central circular shaped atrial septal defect       
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right upper pulmonary vein. A stiff guidewire is placed in the pulmonary vein. The 
device may be chosen either with balloon sizing by stop-fl ow method or without 
balloon sizing, based on the size of the defect (Fig.  13.3 ). Once a decision is made 
on the size of the device, a delivery sheath of appropriate size for the device is 
passed over the guidewire into the pulmonary vein or the left atrium. The device is 
passed through the sheath, and under echocardiographic guidance, the left atrial 
disc is delivered, followed by the right atrial disc across the defect. After a thorough 
echocardiographic evaluation, the device is released (Figs.  13.4  and  13.5 ). During 
the procedure, the patients receive heparin, in order to maintain the activated clot-
ting time at 200–250 s. Subsequently, the patients may be maintained on antiplatelet 
agents such as aspirin and/or clopidogrel for up to 6 months. In older patients, there 
may be other co-morbid conditions necessitating the indefi nite use of antiplatelet or 
anticoagulant agents.

       Nowadays, catheter closure has become the preferred method of closure in the 
majority of the patients in the majority of centres [ 14 ,  15 ,  20 ]. A large study by 
Butera et al. included over 1000 patients ranging in age from 1 to 80 years, and 
Amplatzer septal occluder, CardioSeal/StarFlex and Helex devices were used [ 21 ]. 
Post-procedure complications occurred in 1 % of those patients, in whom a device 
was implanted. These included device embolisation and cardiac erosion. 

 The patients invariably have an improvement in their symptoms once the atrial 
septal defect has been closed. In particular, adult patients may report an 

  Fig. 13.3    Showing balloon infl ated in the atrial septal defect for the purpose of measuring its size 
and helping to select an appropriate sized device       
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improvement in their effort tolerance [ 22 ,  23 ]; however, right heart dilatation may 
persist in many patients [ 24 ]. In the study by Komar et al., 75 patients, over the age 
of 60 years, underwent device closure of the defect [ 23 ]. A variety of devices were 
used including the Amplatzer septal occluder, the StarFlex device and the cardiac 
(Eagan, MN, USA) device. Within 1 month after the closure, there was a signifi cant 
reduction in the symptoms of breathlessness and palpitations. There was a reduction 
in the size of the right heart in 89 % of the patients [ 23 ]. Another study by Khan 
et al., in which the age range of the patients was 50–91 years, reported a high pro-
cedural success rate, with improvement in symptoms and quality of life and evi-
dence of cardiac remodelling [ 25 ]. 

 One of the main concerns in the late middle age or elderly patients undergoing 
closure is a sudden and rapid increase in the left atrial and pulmonary venous pres-
sures, leading to pulmonary oedema or congestive cardiac failure [ 5 ,  26 ,  27 ]. 

  Fig. 13.4    Showing a device correctly deployed and released across a secundum atrial septal 
defect both on cross-sectional and colour Doppler transoesophageal echocardiogram       

  Fig. 13.5    Three- 
dimensional 
transoesophageal 
echocardiogram showing a 
device correctly positioned 
in an atrial septal defect 
with defi cient aortic rim       
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 The main limitations of device closure include the size of the defect (with the 
currently available devices, defects greater than 36–38 mm are not suitable) and 
defi cient rims. Although a majority of patients may have a defi cient aortic rim, these 
defects are amenable to catheter closure. However, if there is defi ciency of atrioven-
tricular valve or the inferior vena cava rims, then the defects are not suitable for 
attempting device closure [ 28 ]. The results with most devices have been excellent 
[ 29 – 31 ]. In a multicentre study, technical success was reported in 96 % of the 
patients, and the closure rate within 24 h of the procedure was 99.6 % with similar 
results being reported in adult patients also [ 29 – 31 ]. The major complications with 
device closure are migration of the device after release and cardiac tamponade [ 32 , 
 33 ]. Although late complications are rare, they include atrial arrhythmias (espe-
cially in adults), thrombus formation on the device, stroke and the most important 
one of cardiac erosion resulting in tamponade [ 34 – 37 ]. There was no difference 
between men and women in these complications, especially erosions. 

 It is important to identify the high-risk patients, such as those with pre-existing 
other co-morbidities, additional cardiac defects, or left ventricular diastolic 
dysfunction. 

 This can be particularly important in the older women with systemic hyperten-
sion and a hypertrophied left ventricle. Ewert et al. proposed a method of assessing 
such patients by trial occlusion of the atrial septal defect by a balloon and measuring 
the left atrial pressure as well as observing the mitral valve infl ow Doppler patterns 
[ 27 ]. These patients may benefi t from pretreatment with anti-failure medication, 
particularly systemic vasodilators, and the use of a fenestrated device for closure of 
the defect [ 38 ,  39 ]. However, there are no clear guidelines about the cut-off values 
of pressures and when to use such devices.  

13.5     Pregnancy 

 In females with unoperated atrial septal defects, pregnancy is usually well tolerated 
and can be allowed to continue. The effect of the increased cardiac output on the 
volume-loaded right ventricle in patients with left-to-right shunts may be counter-
balanced by the decrease in peripheral vascular resistance. There is a small risk of 
paradoxical emboli, stroke, arrhythmias and, if the defect is very large, heart failure 
[ 40 ]. In the absence of pulmonary hypertension, maternal complications are infre-
quent [ 41 ,  42 ]. However, Yap et al. reported that pre-pregnancy history of arrhyth-
mias and maternal age older than 30 years were risk factors for maternal cardiac 
complications [ 42 ]. The outcome of the babies from the pregnancies was similar to 
the general population. In females with atrial septal defects and severe pulmonary 
hypertension, pregnancy should be avoided, because the maternal mortality may be 
high [ 42 ]. In the study by Bedard et al., maternal deaths occurred soon after delivery 
and were due to congestive heart failure, thromboembolism, pulmonary hyperten-
sive crisis and sudden cardiac death [ 43 ]. It is therefore very important that young 
women of childbearing with atrial septal defects should undergo thorough evalua-
tion before undertaking a pregnancy, so that their management can be optimised or 
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the defect closed. Percutaneous closure of ASD during pregnancy should be consid-
ered only when they are thought to be responsible for neurological events due to 
paradoxical embolism in the presence of deep vein thrombosis not cured with anti-
coagulation or in the presence of heart failure.  

13.6     Patent Foramen Ovale 

 Patent foramen ovale (PFO) is usually of no clinical signifi cance as it is found in up 
to 25 % of the adult population [ 44 ]. However, it may be a contributing factor in 
cryptogenic strokes and migraine. In order to prevent cryptogenic strokes, various 
studies have been performed to close patent foramen ovale by catheter techniques 
using a variety of devices. Similarly, studies were performed to assess whether pat-
ent foramen closure improved migraine also. 

 In cryptogenic strokes, it is thought that manoeuvres, which increase the right 
atrial pressure above the left atrial pressure, causing a right-to-left shunt, such as 
coughing, exercise and performing Valsalva manoeuvre, may increase the propen-
sity to a stroke in patients susceptible to peripheral vein or right atrial thrombosis. 
Although patent foramen ovale may not be associated with any increased morbid-
ity in the normal population, it has been reported that patients who have had 
cryptogenic strokes may have an increased prevalence of patent foramen ovale 
than those in whom the cause of the stroke has been identifi ed, such as atheroscle-
rotic disease [ 45 – 48 ]. The presence of a large patent foramen ovale and atrial 
septal aneurysm may predispose to a higher occurrence of strokes [ 49 ,  50 ]. 
Although patients with strokes may be treated with antiplatelet agents or antico-
agulants, there may be serious side effects associated with these, such as haemor-
rhage or inability to tolerate these drugs. This is even more important in young 
patients [ 54 ]. 

 There are also many unresolved issues. In patients more than 55 years of age, 
careful assessment of the atherosclerotic risk factors is important. If more than three 
risk factors are present, it is very unlikely that the cause of stroke is venous throm-
boembolism, and PFO may not be a contributory factor. In these patients, atrial 
fi brillation needs to be excluded. Implanting a loop recorder for one year to identify 
episodes of paroxysmal atrial fi brillation before PFO closure may be helpful. A 
clear indication for PFO closure is stroke during Valsalva manoeuvre in the pres-
ence of deep venous thrombosis. Another indication is platypnoea-orthodeoxia syn-
drome, which is characterised by arterial desaturation worsened by the upright 
position. It may be due to an atrial deformation caused by factors such as pneumo-
nectomy or ascending aortic aneurysm. In the upright position, stretching of the 
interatrial septum leads to a permanent opening of the PFO with a large right-to-left 
shunt. This syndrome may be cured by PFO closure. 

 It is also debatable whether the closure of PFO as primary prevention of air embo-
lism in divers is useful. It may be useful in professional deepwater (under 40 m) 
divers. 
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 Migraine may occur in up to 17 % females and 6 % of males and may cause 
important morbidity to patients [ 51 ,  52 ]. The mechanism of how patent foramen 
ovale may contribute to migraine is poorly understood. One small randomised study, 
Migraine Intervention With STARFlex Technology (MIST) trial, with closure of 
PFO with StartFlex technology, failed to demonstrate complete cessation of migraine 
six months after PFO closure, compared with medical treatment. Anzola et al. 
reported the incidence of patent foramen ovale with right-to-left shunting in 48 % of 
patients who experienced migraine with aura, compared with 23 % in those without 
aura and 20 % of normal control subjects, possibly identifying a subset of patients, in 
whom closure of the patent foramen ovale may be benefi cial [ 53 ]. However, no clear 
consensus has been reached on the treatment of migraine with closure of PFOs.  

13.7     Closing Patent Foramen Ovale 

 Device closure of PFO is a low-risk procedure; however, there are some rare but 
important complications, such as device embolisation, erosion, residual shunting 
through the device or the foramen, arrhythmias and, most importantly, thrombus 
formation [ 55 ]. A variety of devices have been used to close the PFO, and data have 
been collected and reported, but still some technical issues remain. Lipomatous 
septum secundum can be a problem, because the device, which embraces this large 
septum, often leaves residual shunts. Also very long and narrow tunnels can nowa-
days be dealt with by a separate transeptal puncture to close the defect properly, 
avoiding distortion of the septum. 

 Three randomised trials have been performed in patients with cryptogenic 
stroke to assess the superiority of device closure over medical treatment. In 
CLOSURE 1, 909 patients were randomised to device closure or medical treat-
ment [ 56 ]. In this trial, there was no signifi cant difference between the two 
groups with regard to the primary end points of death, recurrence of stroke or 
transient ischaemic attacks. The RESPECT trial comparing medical treatment 
with device closure using the Amplatzer PFO device (St. Jude Medical, 
Minneapolis, MN) showed a relative risk reduction of stroke in the patients 
treated with a device compared with medical treatment, but this was not signifi -
cant [ 57 ]. The 10-year follow-up (mean 5.5 years) results of this trial (presented 
at TCT 2015) showed that in the intention-to-treat population, the relative risk 
for recurrent cryptogenic stroke was reduced by 54 % after PFO closure. 
Furthermore, an additional sensitivity analysis of all-cause stroke in young 
patients (less than 60 years of age), in whom the strokes are most likely to be 
cryptogenic, showed a 52 % relative risk reduction. Additional benefi t was also 
seen in a subgroup of patients with a substantial shunt or atrial septal aneurysm, 
in whom there was a 75 % reduction in cryptogenic stroke risk. 

 Currently in the patients, who continue to have recurrent strokes despite medical 
treatment, device closure is an acceptable option. Controversy remains about how to 
manage patients, who have had a single stroke and have a patent foramen ovale. 

13 Closure of Atrial Septal Defect and Patent Foramen Ovale



176

Further studies on selected population (young patients with no risk factors) and 
longer follow-up are required.     
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14.1          Epidemiology 

 Atrial fi brillation (AF) is the most common arrhythmia in elderly persons. The prev-
alence of AF is 0.95 %, ranging from 0.1 % among adults younger than 55 years to 
9 % in persons aged 80 years or older. AF is more common in men than in women 
(1.1 % versus 0.8 %). In addition AF leads to a signifi cantly increased mortality 
which is higher in women than in men (odds ratio (OR) 1.9 versus 1.5). Woman 
presenting with AF are older; their reported quality of life is lower; they have more 
comorbidities and show an increase of heart failure with preserved ejection fraction 
compared to men [ 5 ]. Because of demographic changes, the number of patients with 
AF will likely increase 2.5-fold during the next 50 years highlighting the efforts 
required in stroke prevention and rhythm management [ 8 ].  

14.2     Adverse Effects of Atrial Fibrillation 

 In the Framingham Study atrial fi brillation led to a fi vefold excess of stroke com-
pared to subjects without any cardiovascular diseases. If atrial fi brillation occurred 
in addition to coronary artery disease or cardiac failure, atrial fi brillation doubled 
the stroke risk in men and trebled the risk in women [ 18 ]. In a cohort study of 
13,559 adults with nonvalvular atrial fi brillation, women had, after multivariable 
analysis, a signifi cant higher annual rate of thromboembolism off warfarin than did 
men (3.5 % versus 1.8 %) [ 7 ]. Therefore, gender was included in the new CHADS 2 - 
Vasc score highlighting the higher incidence of thromboembolism in women [ 4 ].  
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14.3     Medication in AF Treatment 

14.3.1     Oral Anticoagulation 

 The most important medication in AF treatment is oral anticoagulation leading 
to a highly signifi cant reduction in thromboembolism especially in women. In 
an analysis comparing women and men taking warfarin, warfarin led to a sig-
nifi cant reduction in the annual rate of thromboembolism showing no signifi cant 
differences between genders. In some smaller studies, a higher bleeding risk 
with warfarin was seen in women; however, in the ATRIA study, major hemor-
rhage including brain hemorrhage was equally distributed in both genders (1 %). 
Also in the Stroke Prevention in Atrial Fibrillation (SPAF) study, annual bleed-
ing rates on warfarin treatment showed no differences between women and men 
[ 7 ]. The Canadian Registry of Atrial Fibrillation included patients after fi rst 
ECG confi rmed diagnosis of atrial fi brillation. Compared to men, women were 
half as likely to receive warfarin and twice as likely to receive acetylsalicylic 
acid [ 11 ]. 

 The direct oral anticoagulants like dabigatran, rivaroxaban, apixaban, and edoxa-
ban showed promising results in large multicenter trials leading to a similar stroke 
reduction compared to warfarin with signifi cant less bleeding complications. In 
subgroup analysis of the RE-LY study and ARISTOTLE study, women showed no 
signifi cant differences in regard to stroke prevention and bleeding complications 
compared to men [ 9 ,  14 ].  

14.3.2     Rhythm Versus Rate Control with Oral Medication 

 Patients presenting with AF can be managed with either rate or rhythm control. 
Patients with highly symptomatic AF episodes will more likely receive antiar-
rhythmic medication for rhythm control, and patients with asymptomatic epi-
sodes will more likely receive rate control. In the AFFIRM and RACE trials [ 13 , 
 19 ], rate versus rhythm control using cardioversion and antiarrhythmic medica-
tion was prospectively tested in big multicenter trials with hard endpoints includ-
ing mortality, morbidity, hospitalization, and stroke. Unexpectedly, in these trials 
no advantage for the rhythm control regime could be demonstrated. In the rhythm 
control, arm hospitalization and adverse drug effects were more common. In the 
larger AFFIRM trial, no difference between women and men could be detected. 
However, women randomized to the rhythm control arm in the RACE trial devel-
oped more endpoints: mainly heart failure, thromboembolic complications, and 
signifi cantly more adverse effect on antiarrhythmic medication. In addition, in 
62 % in the AFFIRM trial and in only 35 % in the RACE trial stable sinus rhythm 
could be achieved. 

 In the Euro Heart Survey on Atrial Fibrillation [ 5 ], women received signifi -
cantly more often digoxin/digitoxin for rate control compared to men. In the last 
years, doubts about the safety of digoxin have been described. In an analysis of 
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the AFFIRM data, an increased mortality was seen in patients taking 
digoxin [ 17 ]. 

 Since the AFFIRM/RACE trials, the lack of superiority of the rhythm control 
strategy has been attributed to the negative side effects of the antiarrhythmic medi-
cations. Large international studies are now on the way comparing rate versus 
rhythm control strategies using ablation as the rhythm strategy with hard endpoints 
like mortality, morbidity, and stroke (CABANA trial, EAST trial). Smaller studies 
comparing antiarrhythmic medication with ablation showed signifi cantly higher 
success in achieving sinus rhythm and improving quality of life with the ablation 
strategy [ 12 ].   

14.4     Benefit and Risk of Ablation in Women 

 Pulmonary vein isolation (PVI) (Fig.  14.1 ) has become a widely used and accepted 
treatment option in patients with paroxysmal atrial fi brillation (AF) with procedural 
success rates of 60–80 % and in highly symptomatic patients with persistent AF after 
failed antiarrhythmic medication with procedural success rates of about 50 % [ 3 ,  4 ]. 

 Interestingly, in a big Medicare analysis including 517,941 patients with AF, 
women were less likely to have an outpatient visit with an electrophysiologist and 
also were less likely to undergo catheter ablation for AF [ 2 ]. This trend also could 
be seen in a European survey where women received signifi cantly less electrical 
cardioversion and signifi cantly less catheter ablation [ 5 ]. 

 In a meta-analysis [ 16 ] only 21 % of patients who underwent ablation for AF 
were women. Unfortunately, women had a 20 % greater risk of recurrence of AF 
after ablation for AF compared to men. The reasons for this phenomenon are not 
clear, but women were older, already underwent a longer period of antiarrhythmic 
medication, and had a higher prevalence of coexisting cardiovascular disease when 

  Fig. 14.1    3D anatomy of the left atrium with the Rhythmia System (posterior-anterior- and left 
lateral view). In both pictures you can see the multipolar mapping catheter (Orion) in the left 
 superior pulmonary vein and the ablation catheter at the ostium of the PV during circumferential 
pulmonary vein isolation       
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they underwent the ablation procedure. In addition or because of the treatment 
delay, women had more nonparoxysmal AF and more non-PV triggers. In a Japanese 
study [ 15 ] including only patients with paroxysmal AF, women were again signifi -
cant older and also had worse outcome after multiple procedures compared to men. 
However, women still reached AF-free survival after 5 years of 76.6 % (men 81.3 %). 
We know from many studies that patients who are older, have longer-lasting epi-
sodes of AF, and to have more nonparoxysmal AF have a worse outcome after AF 
ablation. This could explain the higher recurrence rate after AF ablation in women. 

14.4.1     Complications After AF Ablation 

 The complication rate after AF ablation varies between 4 and 6 %. In several retro-
spective analyses, female gender was associated with increased complication rate, 
especially vascular complications [ 1 ,  10 ]. However, in the largest available registry 
analysis of 93,801 procedures in the United States, no difference in complication 
rate regarding gender could be detected  [ 6 ]. 

         References 

    1.    Baman TS, Jongnarangsin K, Chugh A, Suwanagool A, Guiot A, Madenci A, Walsh S, Ilg KJ, 
Gupta SK, Latchamsetty R, Bagwe S, Myles JD, Crawford T, Good E, Bogun F, Pelosi Jr F, 
Morady F, Oral H. Prevalence and predictors of complications of radiofrequency catheter abla-
tion for atrial fi brillation. J Cardiovasc Electrophysiol. 2011;22(6):626–31. 
doi:  10.1111/j.1540-8167.2010.01995.x    .  

    2.    Bhave PD, Lu X, Girotra S, Kamel H, Vaughan Sarrazin MS. Race- and gender-related differ-
ences in care for patients newly diagnosed with atrial fi brillation. Heart Rhythm. 2015. 
doi:  10.1016/j.hrthm.2015.03.031    .  

    3.    Calkins H, Kuck KH, Cappato R, Brugada J, Camm a J, Chen S-A, Crijns HJ, Damiano Jr RJ, 
Davies DW, DiMarco J, Edgerton J, Ellenbogen K, Ezekowitz MD, Haines DE, Haissaguerre M, 
Hindricks G, Iesaka Y, Jackman W, Jalife J, Jais P, Kalman J, Keane D, Kim YH, Kirchhof P, Klein 
G, Kottkamp H, Kumagai K, Lindsay BD, Mansour M, Marchlinski FE, McCarthy PM, Mont JL, 
Morady F, Nademanee K, Nakagawa H, Natale A, Nattel S, Packer DL, Pappone C, Prystowsky E, 
Raviele A, Reddy V, Ruskin JN, Shemin RJ, Tsao HM, Wilber D. 2012 HRS/EHRA/ECAS expert 
consensus statement on catheter and surgical ablation of atrial fi brillation: recommendations for 
patient selection, procedural techniques, patient management and follow-up, defi nitions, endpoints, 
and research trial design: a re. Heart Rhythm. 2012;9(4):632–96. doi:  10.1016/j.hrthm.2011.12.016    .  

 Take Home Message 
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      Abbreviations and Acronyms 

  AIV    Anterior interventricular vein   
  CHF    Chronic heart failure   
  CRT    Cardiac resynchronization therapy   
  CS    Coronary sinus   
  CT    Computed tomography   
  HF    Heart failure   
  ICD    Implantable cardioverter–defi brillator   
  LAO    Left anterior oblique   
  LBBB    Left bundle branch block   
  LV    Left ventricle   
  LVESVi    Left ventricle systolic volume indexed   
  MCV    Middle cardiac vein   
  RA    Right atrium   
  RAO    Right anterior oblique   
  RV    Right ventricle   

15.1         Background 

 Chronic heart failure (CHF) is one of the most common diseases. Despite optimal 
modern pharmacological treatment, many CHF patients experience severe and per-
sistent symptoms, and their prognosis remains poor. In selected patients who pres-
ent with severe left ventricular systolic dysfunction with intra- and interventricular 
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conduction delays, a cardiac resynchronization therapy (CRT) system has been 
found to improve symptoms, exercise tolerance, quality of life, and outcome. 

 The CRT was introduced in the 1990s and offered not only atrioventricular syn-
chronization as in dual chamber pacing but also synchronization of the two ventri-
cles. By pacing the region of the left ventricle (LV) with the most delayed activation, 
it was possible both to improve interventricular synchrony and the synchrony of the 
LV itself. 

 When women present with New York Heart Association (NYHA) class II–IV 
despite adequate medical treatment, low left ventricular (LV) ejection fraction 
(EF < 35 %), and QRS duration >120–150 m, they are potential candidates for CRT 
either alone or in combination with an ICD. Yet, the percentage of women undergo-
ing CRT represents only about 20 % of the total CRT population [ 1 ]. Despite of 
clear indications of the guidelines, patient selection optimization for CRT is still an 
ongoing challenge. 

15.1.1     The Women Bias 

 Epidemiology, treatment, and prognosis of CHF may manifest gender-related dif-
ferences [ 2 ]. Although the overall prevalence of HF in men and women is similar, 
large clinical trials have consistently shown underrepresentation of women. A gen-
der bias may also occur in the related use of diagnostic resources and achievement 
of optimal medical treatment [ 3 ]. 

 Looking at CHF clinical trials, women are not adequately represented (0–34 % of 
study population). Many women are not enrolled because they do not have the ejec-
tion fraction required by the trials. Underrepresentation is also exacerbated by the 
exclusion of older patients, as HF predominates in older women. Moreover women, 
being older, often have multiple health problems that may create additional risks 
and confuse trial results. 

 Community-based studies suggest a gender bias in medical treatment and man-
agement. Females were less frequently treated with inotropes, spironolactone, ami-
odarone, nitrates, statins, and antiplatelet agents. At discharge, ACE inhibitors, 
amiodarone, and spironolactone were less frequently prescribed in females. Women 
have a relatively low risk of dying during hospital stay but a high probability of 
being readmitted within a short period of time [ 2 ].  

15.1.2     CRT Outcomes in Women 

 In a MIRACLE trial sub analysis, CRT signifi cantly reduced deaths and HF hospi-
talization in women but not in men highlighting possible differences between gen-
ders. On the other hand, some studies reported no differences in CRT response 
between genders, but in these studies, LV volumes were not normalized to body 
surface area [ 4 ]. 
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 In the MADIT‐CRT trial, CRT‐D has been shown to be associated with a signifi -
cant reduction in HF or death in mild HF patients with EF ≤30 % and QRS ≥130 ms, 
and this reduction was more pronounced in women during short‐term follow‐up [ 5 ]. 
Subsequent study and long‐term follow‐up of MADIT‐CRT revealed that the benefi t 
was restricted to patients with left bundle branch block (LBBB) confi guration [ 6 ]. 

 A recent sub analysis analyzed the sex‐specifi c benefi t of CRT‐D to improve 
long‐term outcomes by QRS duration in the mild HF patients with LBBB enrolled 
in MADIT‐CRT [ 7 ]. This study had a relatively large proportion of women, almost 
one‐third of the total patient population, and that is much higher than most other 
clinical trials. 

 During the median follow‐up of 5.6 years, women derived greater clinical benefi t 
from CRT‐D compared with ICD only, with a signifi cant 71 % reduction in HF or 
death and a 77 % reduction in HF alone compared with men, who had a 41 % reduc-
tion in HF or death and a 50 % reduction in HF alone. The incremental benefi t of 
CRT‐D in women for HF or death and HF alone was consistent with QRS <150 or 
>150 ms (Fig.  15.1 ).

15.1.2.1       Reasons for Gender-Specific LV Remodeling Response 
to CRT 

 Although we know more about heart failure physiopathology, there is much we do 
not understand about the physiologic mechanisms that underlie its sex differences. 

 A different hypertrophy pattern between genders was described, and this was 
verifi ed also in postinfarction end-stage failing hearts [ 8 ]. Moreover, in failing 
human hearts, a higher myocyte death (necrosis or apoptosis) has been clearly dem-
onstrated in men than in women [ 9 ]. Finally, it is well known that inherent physio-
logical sex differences of abnormal conduction exist. It has been suggested that 
women have shorter QRS duration than men in the absence of any conduction dis-
turbance. Some studies showed that women had signifi cantly shorter baseline QRS 
durations, but they gained even greater clinical benefi t from CRT‐D than men, sug-
gesting that women may have more dyssynchrony, at shorter QRS durations, that 
leads to better response with CRT‐D [ 10 ]. 

 All these data and observations suggest that gender directly affects physiologic 
and pathologic myocardial remodeling and that female gender provides a favorable 
substrate for LV reverse remodeling during CRT.  

15.1.2.2     Reasons for Female CRT Undertreatment 
 In women, the proportion of responders defi ned on the basis of LVESVi reduction 
of at least 10 % was signifi cantly higher, and the degree of reverse remodeling was 
also signifi cantly greater than in men. 

 Despite this better outcome, women accounted for only 20 % of patients under-
going CRT implantation. This may be due to several factors. Women have less sys-
tolic dysfunction than men and are therefore more often treated by generalists. 
Women are not referred to a hospital as often as men and generally tend to undergo 
fewer invasive and noninvasive procedures as assessment of LV function. 
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  Fig. 15.1    Cumulative probability of HF or death by treatment arm in women ( a ) and men ( b ). The 
numbers in the parentheses indicate Kaplan–Meier event rates.  CRT‐D  indicates cardiac resyn-
chronization therapy with defi brillator,  HF  heart failure,  ICD  implantable cardioverter–defi brilla-
tor (Adapted from Biton et al. [ 7 ])       
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 Finally fewer women than men received ICDs, despite a similar degree of LV 
remodeling. This might be related to fewer women who fulfi lled the MADIT II 
criteria and the underutilization of resources in women. On the other hand after the 
SCD-HeFT [ 11 ], there is a clear class I indication for ICD implantation for nonisch-
emic dilated cardiomyopathy that is more common in women.    

15.2     Implantation Techniques 

15.2.1     Vein Accesses in Women 

 CRT implantation in women is achieved in a standard fashion, but some specifi c 
anatomical features should be taken into account. Because of the smaller vein size 
in women and the requirement of three leads placement for biventricular pacing—
an atrial lead, a right ventricle (RV) lead (defi brillation or pacing), and a left ven-
tricle (LV) pacing lead—it is worthwhile attempting cephalic and subclavian access 
in these cases. If possible, the right ventricular lead should be placed through a 
cephalic approach to minimize the potential for subclavian crush of the larger lead. 
The subclavian vein can then be used for introduction of the atrial lead and a LV 
lead via the coronary sinus (CS).  

15.2.2     Right Ventricle Features in Women 

 In order to have correct defi brillator lead placement, it is necessary to keep the 
whole RV-defi brillating coil in the RV. This goal could not be easier to achieve in 
women patient with small cardiac volumes. The coil must not cross the tricuspid 
valve leaving a portion of it in the right atrium, avoiding defi brillation capacity defi -
ciency and inappropriate diagnosis of ventricular arrhythmias during atrial tachyar-
rhythmias. Overcoming this problem may not always be compatible with choosing 
an optimal RV pacing site, which, for example, may be the mid-septum or another 
non-apical position. As the septum often bulges into the RV due to huge LV dilata-
tion, the coil may lie partly in the right atrium. The implanter is then forced to select 
a less optimal site from the hemodynamic point of view in order to achieve effective 
arrhythmia diagnosis and defi brillation.  

15.2.3     Coronary Sinus Anatomy 

 The CS ostium is partially covered by a Thebesian valve (a remnant of the embry-
onic right valve) in roughly 60 % of patients. In a small subset of patients, the ostium 
is completely enclosed by the valve with only small fenestrations allowing venous 
drainage, thereby presenting a major impediment to CS access. In addition, RA 
dilation may lead to an abnormally high insertion of the CS ostium, making its 
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intubation diffi cult. A second valve (the valve of Vieussens) located at the junction 
of the great cardiac vein and the vein of Marshall is present in about 8 % of patients 
[ 12 ]. This valve may divert a wire or catheter into the diminutive vein of Marshall, 
which if not immediately recognized can lead to venous dissection and 
hemopericardium. 

 Anatomic studies have shown a median of six veins from the left ventricle 
draining into the main CS. The nearest branch to the CS ostium is the middle 
cardiac vein (MCV), which may be covered by a small valve or originate with a 
separate ostium. The MCV runs in the interventricular groove toward the ven-
tricular apex and is usually not a suitable target for LV lead placement. Three 
distinct veins drain the lateral wall of the left ventricle (Fig.  15.2 ). The posterolat-
eral branch, the most prominent and consistent of these veins, usually enters the 
CS within 1 cm of the ostium. The lateral marginal vein and lateral branches off 
the anterior interventricular vein (AIV) are variably present. In women with prior 
myocardial infarction, fi rst-order branches to the lateral wall off the CS are often 
diminutive or absent.

   One of the important elements in a successful implantation is selecting the most 
appropriate vein to cannulate for CRT lead placement. The best performance for LV 
pacing is thought to occur in a lateral or posterior–lateral position. This region was 
accessible from at least two CS tributaries (posterolateral and AIV) in greater than 
85 % of patients. In approximately 20 % of patients, the mid-lateral LV wall was 
also accessible from branches of the MCV.  

15.2.4     Coronary Sinus Variability 

 As proved by several CS angiograms, there is a great variability in CS anatomy 
(Fig.  15.3 ), and this matters during the LV lead placement. Rotational venography 

a

E
A

D C

B

LAO view

b c

  Fig. 15.2    Selecting vein for LV lead placement. The possible targets for the left ventricular lead 
showed by the scheme in ( a ) free wall are ( A ) lateral (marginal) cardiac vein, ( B ) posterolateral 
cardiac vein, and ( C ) posterior cardiac vein. Suboptimal lead locations are also ( D ) middle cardiac 
vein and ( E ) great cardiac vein. In ( b ) an example of CS angiography and in ( c ) the leads’ fi nal 
position are shown       
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may provide a more complete assessment of the CS branches to help determine the 
best viewing angle for target branch access. Multislice computed tomography (CT) 
scan has been used preprocedure to assess the cardiac vasculature prior to the 
implant procedure and correlates well with occlusive venograms. In addition, CT 
may reveal a high CS ostium takeoff and aid in catheter selection for successful CS 
access [ 13 ].

15.2.5        Interventional Approach to LV Lead Placement 

 The technique for LV lead placement includes the following steps: (1) localization 
of the CS ostium via contrast puffs through a preformed guide catheter, (2) cannula-
tion of the CS with a sheath advanced over the guide catheter (with or without wire 
support), and (3) advancement of the LV lead through the delivery guide over an 
angioplasty wire. 

 The failure rates for placement of leads via the CS ranged between 7.5 and 10 % 
[ 14 ]. Most of these implant failures are due to diffi culty accessing the CS ostium or 
advancing the pacing lead into an adequate, stable position. Coronary veins are still 
occasionally inaccessible and, more importantly, may not be present at the optimal 
stimulation site. In addition, LV lead dislodgement may occur both acutely or in the 
fi rst few months after implantation in 6 % [ 15 ]. 

  Fig. 15.3    Different angiograms show the great variability in CS anatomy (Adapted from CS 
venograms. Adapted from CS venograms collection, Bongiorni MG, De Lucia R (with 
permission))       
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 This issue underlines the need for designing specifi c implant tools which would 
allow (1) easier access to the CS, (2) a means of visualizing the CS branches, and 
(3) maneuverability of the pacemaker lead.

    1.    The development of preshaped sheaths that follow the curvature of the lateral 
wall and fl oor of the RA allows easier access to the CS. In addition, the develop-
ment of dual, telescoping catheters of various shapes allows improved maneu-
verability and access to CS side branches [ 16 ]. Small injections of contrast 
through these catheters allow direct visualization of the CS ostium and target 
branches and speed implant time.   

   2.    Coronary sinus angiography greatly facilitates identifi cation of a suitable branch 
vessel. Guiding sheaths and balloon catheters specifi cally designed for this pur-
pose are available. Coronary sinus angiograms, preferably using right anterior 
oblique (RAO) and left anterior oblique (LAO) projections, should be recorded 
for reference during lead positioning (Fig.  15.4 ).

       3.    The main technique for LV lead placement is “over-the-wire” one. This tech-
nique involves probing for the CS ostium with a soft-tipped wire through a pre-
formed sheath followed by advancement of the pacing lead into the target branch 

  Fig. 15.4    Coronary angiogram ( upper panel ) and its schematic representation ( lower panel ) with 
LV segments (LAO projection) and regions (RAO projection) (Adapted from CS venograms col-
lection, Bongiorni MG, De Lucia R (with permission))       
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over an angioplasty wire. However, tortuous anatomy may make advancement of 
the sheath or LV lead using only a wire for support diffi cult or impossible. If the 
fi rst target vessel proves inadequate due to instability, poor capture threshold or 
unacceptable phrenic nerve stimulation, a different implant site should then be 
tested. Sometimes a sub-cannulation of the target branch with a telescoping sup-
port delivery system could act as a stable “rail” to navigate and straighten tortu-
ous anatomy.      

15.2.6     Difficult CRT Implantation in Women: Troubleshooting 

15.2.6.1     Coronary Sinus Cannulation 
 The most common reasons for failed LV lead implantation include inability to 
access the CS ostium, inability to advance the lead into the target branch, and acute 
lead dislodgement or instability. Several techniques have been reported to overcome 
these obstacles. 

 The CS ostium is located in the posteroseptal region of the RA and is accessed 
by withdrawing the CS guide catheter across the tricuspid valve with counter-
clockwise torque. With dilated cardiomyopathy and signifi cant right atrial enlarge-
ment, however, the ostium may enter more superiorly, making localization or 
cannulation diffi cult. Rarely, the CS ostium may enter the atrium in an anomalous 
fashion. When initial attempts at CS localization fail, a selective coronary angio-
gram with cine fl uoroscopy of the venous phase may help locate a high or unusual 
ostial insertion. 

 Once the ostium is located, a prominent Thebesian valve or a steep takeoff due 
to atrial enlargement may hinder advancement of the catheter into the main body 
of the CS. When a wire can be placed into the main CS but there is resistance to 
sheath advancement, several maneuvers may be attempted. With the wire in 
place, a small, straight hydrophilic catheter can be advanced and used as a “rail” 
to place the larger diameter sheath beyond the tortuous segment. If the small 
hydrophilic catheter is advanced but there is still impedance, a larger and rigid 
sheath can be exchanged through the small sheath to provide additional 
support.  

15.2.6.2     Access Vein Obstruction 
 Stenosis or total occlusion of the subclavian vein usually occurs as a result of previ-
ously implanted leads or surgery. In women this can occur more frequently than 
men. With proper technique, these stenotic veins can be safely dilated or stented in 
the large majority of cases, thereby avoiding an implant on the contralateral side or 
thoracotomy for an epicardial implant. Success is defi ned as passage of the transve-
nous lead through the obstruction to its fi nal location. 

 If the obstruction is not complete, it is fi rst crossed with a guidewire. Once it is 
confi rmed that the guidewire is indeed within the lumen of the superior vena cava 
(SVC) (and not in a side branch or the azygos vein), a peripheral interventional 
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balloon catheter is advanced over the wire. The balloon is removed while keeping 
the guidewire in place. A venogram is then performed.  

15.2.6.3     Lead Extraction In Order to Enable CRT 
 When a complete venous obstruction is due to previously placed leads that are no 
longer in use, it is possible to extract the inoperative lead, then a guidewire is passed 
through the lumen thus created, and venoplasty is performed to dilate the stenosis 
suffi ciently to allow passage of a sheath and new lead. 

 Still increasing life expectancy in patients with implanted devices and large num-
ber of leads more and more often induce the need to cure the treatment complica-
tions or to change especially to cardiac resynchronization therapy (CRT). In order 
to prevent further complications, the possibility of damaged or redundant leads 
extraction should be taken into consideration.  

15.2.6.4     Coronary Sinus Dissections and Venoplasty 
 Dissection of the coronary sinus can occur more easily in women than in men, 
and this is due to a more frailty structure of the vessel. The most common cause 
of CS dissection is forceful contrast injection after infl ating an occlusive balloon 
for venography but can also occur when the guide catheter tip is lodged against 
the wall or against a venous valve during forceful contrast injection or due to 
inexpert manipulation of stiff wires or electrode catheters. Fortunately, the occur-
rence of tamponade is relatively rare, since the coronary veins form a low pres-
sure system. Deployment of a venous stent is a rapid and safe way of dealing 
with an ominous dissection in the coronary sinus, especially when blood is docu-
mented in the pericardial space. A guidewire is used to negotiate the dissection, 
and a peripheral stent is advanced to cover the area of the dissection. The stent is 
then deployed and a venogram obtained to confi rm that the dissection has been 
sealed off. 

 Sometimes the Thebesian valve may actually be a fenestrated membrane cover-
ing the entire CS ostium. When the Thebesian or the Vieussens valves act as impedi-
ments to the introduction of the guide catheter, they can be usually negotiated by a 
hydrophilic-coated guidewire. Then a peripheral balloon of appropriate diameter 
may be passed over the guidewire and infl ated to dilate the valve. 

 Coronary sinus stenting can also be used to retain conventional passive fi xation 
LV leads in virtually any desired location in a coronary vein.  

15.2.6.5     Epicardial Approach for Left Ventricular Lead 
 To improve CRT in women, a possible alternative approache for LV leads is the 
transcutaneous epicardial approach, which offers the possibility of positioning the 
leads anywhere on the surface of the LV. Epicardial placement of LV leads in the 
coronary veins has three limitations: accessibility to target veins, pacing threshold 
safety margin, and phrenic nerve stimulation. Some diffi culties can also exist with 
lead fi xation and the physical relationship of the stimulation site to the epicardial 
coronary arteries.    
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15.3     Future Advancements 

 New pacing leads have been developed which allow active fi xation into the vessel to 
prevent dislodgement. 

 A recent trial of an active fi xation LV lead has shown promising results [ 17 ]. This 
new model is a bipolar steroid-eluting lead that has a small exposed side helix and 
can be delivered using a guidewire or a stylet. When the desired vein location is 
reached, the lead body is rotated clockwise until the helix is fi xated. This new tool 
was specifi cally designed for stability and precise placement in the coronary sinus 
vasculature. The fi rst experiences published with this kind of lead were positive. 

 Additionally, leads with multiple pacing confi gurations have been developed 
which may improve thresholds and prevent phrenic nerve capture. The quadripolar 
model lead is a multipolar LV lead with three ring electrodes in addition to the tip 
electrode, allowing all four of the electrodes on the lead to act as the cathode and 
two also as an anode. In addition, the RV coil of the shocking lead may act as an 
anode thus giving ten possible bipolar and unipolar pacing confi gurations. 
Theoretically, problems with phrenic nerve stimulation and high-capture thresholds 
can be overcome simply by changing the pacing vector. 

 Recently a new technique was developed for the access to LV endocardium through 
the interventricular septum. In one of the fi rst experiences described in literature, all 
patients were anticoagulated and a left ventriculography and coronary angiography 
were performed to identify LV borders and septal vessels. Subclavian vein access was 
used for a superior approach ventricular transseptal puncture under fl uoroscopic guid-
ance, using a steerable sheath and a standard transseptal needle, radiofrequency needle, 
or radiofrequency energy delivered through a guidewire. Finally, an active fi xation pac-
ing lead is delivered to the endocardial wall of the lateral LV [ 18 ]. 

 Another promising technique is to perform an epicardial activation mapping of 
the left ventricle using a three-dimensional electroanatomic system via all available 
coronary veins (using the onset of the surface QRS as reference), in order to decide 
the optimal location for a LV lead [ 19 ]. 

 Take-Home Messages 
 This chapter gives some awareness on gender heart failure biology and CRT 
women therapy bias due to anatomical differences and procedural character-
istics, in spite of their better outcome. Nowadays new tools have greatly 
improved the effi ciency and success rate of LV lead placement. The next great 
hurdle in CRT is to evolve the LV lead implantation from a strictly anatomi-
cally based procedure to a “targeted” implant strategy. Just as cardiothoracic 
surgeons use an individual patient’s coronary angiography to plan bypass 
graft placement, electrophysiologists should arm themselves with the best 
data before and during the procedure to guide proper lead placement for each 
patient, in order to target then best implant technique for each patient, espe-
cially if woman. 
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16.1          Introduction 

 Aortic disease is a potentially serious condition that in many cases can be diagnosed 
and treated before it becomes dangerous. The most appropriate management is 
related to the severity, extension, and site of disease and to the specifi c patient’s 
clinical characteristics and risk factors. 

 It has been recognized that the “normal aortic diameter” is infl uenced by a num-
ber of factors, including patient age, sex, and body size, location of aortic measure-
ment, method of measurement, and the robustness and type of imaging methods 
used. The normal aortic diameter for men is larger than that for women, in this 
regard, the rate of aortic expansion is about 0.9 mm in men and 0.7 mm in women 
for each decade of life. 

 For what concerns aortic aneurysms, most of them are caused by degenerative 
disease resulting in dilatation of the aorta but also several genetic syndromes with a 
predisposition for aortic aneurysms have been identifi ed. Risk factors for develop-
ment of aortic aneurysms include hypertension, smoking, and chronic obstructive 
pulmonary disease. The dichotomy into thoracic (TAA) ad abdominal aortic aneu-
rysms (AAA) is somehow artifi cial, not only because of the presence of thoracoab-
dominal aneurysm but also because of the possibility of tandem lesions. In a recent 
series, 27 % of patients with AAA also presented a TAA, most of whom were 
women and the elderly. For both the thoracic and the abdominal aorta, an aortic 
diameter of 5.5 cm is widely recognized as the threshold for interventions [ 1 ] in the 
asymptomatic patients; symptomatic aneurysms should be treated regardless of size 
if there are no other contraindications, because symptoms often portend rupture. 
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 Female gender, smoking, hypertension, and chronic airway disease are associ-
ated with an increased risk of small aneurysm rupture. Women are less affected by 
aneurysms but have a fourfold increased risk of rupture when under surveillance; in 
fact the risk of rupture is higher in women than in men at similar diameters and 
women present ruptured AAA on average 10 mm smaller than men. For all these 
reasons, an aortic diameter of 5.0 cm is recognized as the threshold for interventions 
for abdominal aortic aneurysms in women [ 1 ]. 

 The proportion of women with abdominal aortic aneurysm treated with endovas-
cular aortic repair is lower than for open repair. Unfavorable morphologic features 
for EVAR in women with AAA and TAA may explain this disproportion [ 2 ].  

16.2     Materials 

16.2.1     Guidewires 

 A soft guidewire is needed to navigate into the normal aorta or in presence of tortu-
osities or thrombus, before setting up a stiff guidewire. 

 We normally use a soft 0.035 in. guidewire (Storq Soft, Cordis Corp. Miami Lakes, 
FL) with an atraumatic tip segment to avoid intimal trauma or plaque disruption during 
navigation. It is available in three different confi gurations (soft, supersoft, and stan-
dard) and in three tip confi guration (straight, angled, and modifi ed J) with a total length 
of 180 and 300 cm. This guide incorporates a PTFE coating in the fi rst 10 cm from the 
tip and then a silicone coating, in order to improve trackability and torqueability. 

 A stiff guidewire is then exchanged on a diagnostic catheter and it is used to let 
the endograft advance into the aorta. We normally use a super stiff guidewire with a 
0.035 in. diameter (Lunderquist, Cook Medical Inc.), PTFE-coated with a stainless 
steel core, which is designed to provide maximum support and low surface friction 
during the endograft deployment.  

16.2.2     Introducer Sheat 

 Introducer sheaths can be used to protect arterial access and lower blood loss when 
exchanging guidewires and delivering stent grafts. Those are available in different sizes 
and lengths. Usually a small sheath 6Fr or 7Fr is used once the artery is punctured to let 
the soft guidewire proceed into the proximal aorta. Those are available both in short or 
long confi guration. They are provided with a valve on the distal end to control blood 
fl ow and a high fl ow conduit to wash the introducer and to perform angiography.  

16.2.3     Stent Grafts 

 A variety of devices are available on the market for both thoracic and abdominal 
aorta. 
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 All stent grafts are self-expanding and constrained in a sleeve or sheath. They are 
mainly made of a metallic nitinol skeleton and covered by a membrane of either 
polytetrafl uoroethylene or polyester. The proximal end for the abdominal and tho-
racic grafts, and also the distal end for the thoracic graft, can be fully covered or not. 
A variety of sizes are available, meaning that it is generally possible to treat patients 
with several different anatomies. 

 Each stent graft model has an own releasing system with a mechanism that with-
draws the delivery sheath and allows the graft to deploy. 

 Principal thoracic and abdominal stent grafts are summarized in Tables  16.1  and 
 16.2 .

16.2.4         Compliant Balloons 

 Balloons are currently used to expand vascular stent graft once deployed, to stabi-
lize primary graft and overlap attachment. Several models are available on the mar-
ket; there are some differences in balloon material which can be found in 
polyurethane or latex. Diameters have a very wide range from 10 to 46 mm; some 
models are semicompliant and offer more than one size to adapt to various anato-
mies; compliant balloon instead can expand to the desired diameter up to 46 mm 
with only one size. 

 An alternative type, specifi c for the thoracic aorta, is represented by a particular 
compliant tri-lobed polyurethane balloon catheter (Gore Tri-lobe). The lobed design 
of the balloon catheter allows for infl ation without complete blockage of aortic 
blood fl ow. 

   Table 16.1    Most commonly used thoracic stent graft in Europe   

 Thoracic stent grafts  Fabric  Stents  Min Ø  Max Ø  Min Fr  Max Fr 
  Cook ZenithTX2   Woven polyester  Steel  28  42  20  22 
  Cook Zenith Alpha   Woven polyester  Nitinol  18  48  16  20 
  Bolton Relay   Woven polyester  Nitinol  22  46  22  26 
  Gore TAG   ePTFE  Nitinol  26  45  20  24 
  Medtronic Valiant   Woven polyester  Nitinol  22  46  22  25 
  Jotec E-vita   Woven polyester  Nitinol  24  44  20  24 

   Table 16.2    Most commonly used abdominal stent graft in Europe   

 Abdominal stent 
grafts  Fabric  Stents 

 MB Min 
Ø 

 MB Max 
Ø 

 MB Min 
Fr 

 MB Max 
Fr 

  Cook Zenith LP   Woven polyester  Nitinol  22  36  16  17 
  Medtronic Endurant   Woven polyester  Nitinol  23  36  18  20 
  Gore Excluder   ePTFE  Nitinol  23  35  14  18 
  Bolton Treovance   Woven polyester  Nitinol  20  36  18  19 
  Cordis Incraft   Woven polyester  Nitinol  22  34  14  16 
  Trivascular Ovation   Woven polyester  Nitinol  20  34  14  15 

   MB  main body  

16 Thoracic and Abdominal Aorta Percutaneous Treatment



208

 In all these devices, a guidewire lumen allows introduction of a 0.035 in. diam-
eter guidewire for over-the-wire access, and radiopaque markers indicate the bal-
loon edges.   

16.3     Endovascular Techniques for Standard Cases 

 All the procedures are performed in the operating room, using a portable digital 
C-arm image intensifi er with road-mapping capabilities. 

 Intraoperative trans-esophageal echocardiography (TEE) monitoring is routinely 
used during all the thoracic procedures. In our experience TEE is useful under many 
aspects as it allows to double check for the most appropriate landing zone of the 
endograft (in particular when the LSA origin has to be spared). As a second instance 
TEE is capable of documenting thrombosis or the presence of slow fl ow inside the 
aneurysm sac after deployment of the endograft, thus avoiding repeated angiogra-
phy and the use of high doses of contrast media [ 3 ]. 

  For TEVAR our preferred choice is to perform the endovascular procedure, when 
not contraindicated, under general anesthesia. In selective cases, depending of the 
patient general condition and comorbidity, we also perform local anesthesia, avoid-
ing as frequent as possible, spinal anesthesia. The opportunity to perform local or 
general instead of spinal anesthesia allows us to have early diagnosis of spinal cord 
injury that may be obtained by early awakening and neurological conditions 
evaluation. 

 For EVAR instead, we perform the endovascular procedure preferably under 
spinal or local anesthesia, but we also perform general anesthesia in selected 
cases. 

 Patients are placed in the dorsal decubitus position, and the operative fi eld is 
prepared and draped. It is mandatory that the operating fi eld is prepared in such a 
way to allow a laparotomy for access and abdominal aorta and/or iliac arteries 

   Cerebrospinal fl uid drainage has been shown to have a protective role in open 
surgical repair of DTAs and thoracoabdominal aortic aneurysms, while its 
role in TEVAR is less defi ned.  

  Our current indications for CFSD in TEVAR include:
    1.    Long coverage (predicted use of more than one endograft)   
   2.    Coverage of high risk area including T10-T12   
   3.    Previous abdominal or thoracic aortic surgery   
   4.    Compromised subclavian and hypogastric arteries supply      

  In our series, the overall CSFD institution rate was 28 %.  
  No difference between men and women has been never identifi ed in this fi eld 

and we use this kind of approach in both male and female patients.   
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control that may be useful in such cases of iliac tortuosity and severe calcifi cations 
that could avoid stent graft navigation. 

  The common femoral artery is normally exposed through a small inguinal incision. 
 In case of extremely diseased (calcifi c) bilateral external iliac arteries, or small- 

caliber vessels, we use the common iliac through a paramedian extraperitoneal 
approach as the access site; we use to directly puncture the artery through a purse 
string or we perform a surgical conduit to avoid the extremely diseased iliac axis. In 
rare cases the abdominal aorta has been used as the access site, with direct puncture 
and then closure with a purse-string suture. Surgical conduits are mainly used in 
female patients due to generally smaller access vessels [ 4 ] (Fig.  16.1 ).

   At the beginning of the procedure a bolus of heparin (70 IU/Kg) is administered. 
During thoracic procedures the contralateral femoral artery is percutaneously punc-
tured for diagnostic guidance. We normally use a soft-tip 0.035 in. guidewire (Storq 
Soft, Cordis Corp. Miami Lakes, FL) to cannulate the aorta and advance up to the 
thoracic aorta or the aortic arch, and then we exchange it through a catheter with a 

   In the last years we started to use totally percutaneous approach for both tho-
racic and abdominal endovascular procedures.  

  Percutaneous femoral artery punctures are performed under ultrasound guid-
ance and then the procedures are performed trough a very small skin inci-
sion that allows the insertion of the endovascular devices without a direct 
artery control.  

  In these cases, percutaneous different closure devices are used at the end of 
the procedure in order to obtain a valid hemostasis.  

  This less invasive approach still presents several limitations and could be per-
formed safely only in patients with precise anatomical criteria.   

a b c

  Fig. 16.1    In case of small femoral arteries or diseased external iliac arteries ( a ) a surgical 
approach to the common iliac artery may be considered ( b ). Otherwise, a surgical conduit could be 
performed in order to overcome femoral and iliac pathologies ( c ) (in this particular case the con-
duit is then anastomosed at the end of the endovascular procedure to the femoral artery in an ilio-
femoral bypass). These approaches are particularly important in female due to generally smaller 
access vessels       
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260-cm long, 0.035-in. precurved super stiff guidewire (Lunderquist, Cook Medical 
Inc.) under fl uoroscopic guidance. 

 During abdominal procedures instead, both femoral arteries are surgically 
exposed and purse-string sutures are performed on both of them in order to intro-
duce the main body and, eventually, the ipsilateral limb from one site and the con-
tralateral limb from the other one. 

 The endograft is passed over the guidewire into the appropriate position under 
fl uoroscopic guidance. During deployment, a mild systemic hypotension is induced 
pharmacologically by the anesthesiologist with a bolus of fast-acting venous or 
arterial vasodilators such as nitrates or urapidil. 

  In case of very accurate thoracic endograft release, for example, when a thoracic 
endoprosthesis must be placed close to the supra aortic trunks, we normally use 
rapid pacing in order to induce hypotension during the release of the endograft [ 5 ] 
(Fig.  16.2 ).

   A rapid right ventricular pacing at a rate of 130–180 beats per minute reduces 
mean arterial pressure to 40–60 mmHg. The mechanisms involve loss of 
atrioventricular synchrony and reduction of ventricular fi lling time, result-
ing in decreased left ventricular preload, stroke volume, and cardiac 
output.  

  Hypotension induced by preload reduction seems to cause less cardiac and 
aortic stress than other methods. It is well tolerated by the patient and read-
ily undertaken in patients under local anesthesia. Temporary rapid ven-
tricular pacing enables precise deployment of thoracic endovascular stent 
grafts and safe post-stent ballooning. It also has the advantage of a rapid 
onset and offset of effect.   

  Fig. 16.2    In order to avoid prolonged hypotension during endograft deployment, rapid pacing 
may be extremely useful and can be safely applied to patients undergoing TEVAR. This adjunct 
can shorten the operation duration and facilitate precise graft deployment. The pacing catheter is 
routinely introduced through a femoral venous sheet during TEVAR procedures       
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   After deployment of the endograft on the selected location, a completion angio-
gram is performed. Special care is mandatory when removing the introducer sheath, 
as rupture of the external iliac artery at its origin is more likely to happen with tho-
racic endografts (Fig.  16.3 ).

   A completion angiography of the iliac axis is routinely performed when iliac 
arteries small size or severe calcifi cations are shown on preoperative CT scan. 

 It is particularly advisable to leave the guidewire in place until the sheath is com-
pletely removed in order to perform an emergent endoclamp in case of iliac rupture. 
Then, the wounds are closed as our standard practice.  

16.4     Endovascular Techniques for Complex Cases 

  How to Navigate in Tortuous Anatomies     Extreme tortuosity of the aorta can cause 
diffi culties in endograft deployment. Various maneuvers can help the operator to 
overcome this problem. An easy solution is to place a stiff guidewire as proximal as 
possible, (i.e., in the aortic root) to provide more support. If this does not help, a 
second stiff guidewire can be placed in the aorta from the contralateral femoral 
access and might help straighten the aorta (double-wire technique).  

  Fig. 16.3    A case of iliac axis avulsion. During endovascular procedure, as many patients eligible 
for endovascular procedures, especially for TEVAR, may present access contraindications, the 
higher rates of morbidities are related to the risk of aortoiliac injury, hypotension, and retroperito-
neal hematoma that may increase the risk of SCI. Access-related problems are more frequent in the 
female population       
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 In extreme situations a brachio-femoral wire conduit (teleferic technique) could 
be useful to help the navigation through a tortuous aorta. A retrograde percutaneous 
brachial approach is performed with a 5 F or 6 F 35 cm sheath and a 5 F catheter is 
used to navigate an angled glide wire (0.035 in.) into the tortuous descending tho-
racic aorta under fl uoroscopic guidance. The wire is then secured through the groin 
sheath with the help of a goose snare. An exchange catheter is pushed from the groin 
access cranially trough the brachial access and then the glide wire is exchanged to a 
0.035 in. extra-stiff wire. The sheath in the groin is then exchanged to the endograft 
sheath, which can be advanced into the distal abdominal aorta. 

 Use of brachio-femoral access wires could help to straighten the most angulated 
and tortuous aorta. It is important to have at least a 260-cm long wire and constant 
tension must be placed on both ends of the wire as the graft is advanced through the 
delivery sheath into the aorta. This technique should be used with a guiding sheath 
protecting the subclavian vessels to prevent shearing the vessel when traction on the 
wire is exerted. However, a word of caution must be spent in order to underline that 
this kind of approach does pose an inherent risk of thromboembolism from the arch 
vessels and should not be performed if imaging demonstrates atheroemboli in the 
arch vessels [ 6 ]. 

  Access Issues     The use of lower profi le delivery systems with improved trackability 
and extra-stiff guidewires has allowed endovascular aneurysm repair in patients 
with tortuous iliac arteries. However, access problems remain, especially in patients 
with stenotic and calcifi ed iliac arteries.  

 A technique is described to help solving access issues, known as “paving and 
cracking.” This technique involves the deployment of a covered stent in the com-
mon iliac artery (CIA) and external iliac artery (EIA) to facilitate the introduction 
of an aortic stent graft through tortuous, narrow, stenosed, or circumferentially cal-
cifi ed iliac arteries. 

 Both self-expanding and balloon-expandable polytetrafl uoroethylene-covered 
stents can be used. The covered stents are deployed along the length of the diseased 
iliac arteries, making sure to cover the internal iliac artery bifurcation, as this is typi-
cally the site of rupture. The covered stent prevents hemorrhage from the iliac rup-
ture that is likely to follow such excessive dilation. Once the iliac artery has been 
relined and dilated, the main body of the aortic stent graft is then inserted easily and 
deployed in the standard fashion [ 7 ] (Fig.  16.4 ).

   Another technique is to sewn a Dacron graft, usually a 10-mm, in an end-to-side 
fashion to the iliac artery through a lower abdominal access. This allows for straight 
and easy access, as opposed to introducing the device directly into the common 
iliac artery. Clamping the distal end of conduit and accessing it allows for better 
control of blood loss. Use of vessel loops and/or umbilical tapes around the conduit 
can also help to decrease blood loss when the sheath is in place. At completion of 
the procedure, the graft conduit can be ligated close to the anastomosis or con-
verted to an iliofemoral bypass to allow a simpler delayed intervention in the 
future. 
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 Surgical and endovascular conduits are more frequently needed in females due to 
generally smaller access vessels.  

16.5     Complications 

 In spite of the great enthusiasm that endovascular techniques have provoked, it 
must be remembered that these techniques are by no means completely safe. A 
signifi cant mortality and morbidity are described in all published series, especially 
in women. 

   The 30-day mortality rate for women is three times greater than for men after 
aortic endovascular procedures. Women have also been shown to be more 
prone to access-related ischemia, iliac and aortic neck rupture, colonic 
ischemia, and type 1 endoleak [ 8 ].  

  The reasons for the higher morbidity and mortality are not entirely clear but 
may be related to smaller access vessels and more hostile anatomical fea-
tures of the aorta.  

  Additionally, women are more often found to have prohibitive aortoiliac anat-
omy which makes them poor candidates for EVAR based on current FDA- 
approved devices instruction for use.   

a b c

  Fig. 16.4    When TEVAR candidates have unfavorable iliac artery anatomy, including a small- 
caliber iliac artery, iliac artery tortuosity, or occlusive disease, in combination with the need for 
large-diameter delivery sheaths, the internal endoconduit approach has been introduced as an alter-
native to the surgical conduit. It could be performed using a standard femoral approach. After an 
iliac arteriogram ( a ), one or more covered stents are placed across the critical stenotic iliac artery 
segment, extending proximal and distal to the lesion. Then an angioplasty with a noncompliant 
balloon is performed in order to obtain a controlled rupture of the iliac artery ( b ). After the endo-
conduit placement is possible to introduce the endovascular device ( c )       
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   Damage to Access Vessels     Several literature reports have underlined that serious 
and even fatal problems may arise from introduction of the device from the femoral 
artery. In particular, rupture or avulsion of the external iliac artery have been 
reported; this usually becomes dramatically evident only at the time the large intro-
ducer sheath used for endograft delivery is withdrawn. We therefore liberally switch 
to extraperitoneal surgical exposure of the common iliac artery or even the distal 
aorta if it is diffi cult to advance the device through the femoral arteries.  

  Endoleak     Endoleak, defi ned as blood fl ow within the aneurysm sac, is a serious 
sequela that may lead to secondary rupture of the aorta. 

 The classifi cation describes fi ve different types of endoleaks:

•    Type 1 endoleaks, proximal or distal, show fl ow that originates from the stent 
graft attachment sites.  

•   Type 2 endoleaks are related to retrograde aortic fi lling from branch vessels.  
•   Type 3 endoleaks occur when there is a stent graft structural failure, like fractures 

or junctional separations of two devices. These endoleaks often result from stent 
graft disconnection.  

•   Type 4 endoleaks are caused by stent graft porosity or defects in the fabric.  
•   Type 5 endoleaks or endotension are also described.    

 Type I or III are, in the majority of cases, successfully treated with a new graft. 
In case of secondary procedures failure, surgical conversion could be necessary. 

 Type II endoleaks could be managed with coil embolization of the branch ves-
sels. Surgical exclusion of the branch arteries is sometimes useful to treat persistent 
endoleaks. Secondary endoleaks due to migration or dislocation of modular junc-
tions may result from inadequate grip or seal, but also from the inability of the rela-
tively infl exible device to conform to tortuosity of the aorta that may occur after 
successful exclusion. 

 In literature, type 1 endoleaks at completion of stenting are generally more fre-
quent in women than men at the end of the procedure, prompting greater use of 
stents at the aortic neck in order to obtain an adequate proximal sealing and correct 
the endoleak.  

  Stroke     Cerebrovascular accidents are among the most common and dreaded 
complications of endovascular therapy of thoracic aortic disease [ 9 ]. They are 
mainly linked to atheromatous embolization into the cerebral arteries caused by 
devices manipulation. This kind of event could happen with a lower rate also 
during abdominal procedure; in fact it should be remembered that angiography 
for diagnostic purposes alone carries a 1–2 % risk of complications. New genera-
tion endografts are surely less prone to this complication. This is due to the better 
fl exibility of the grafts and sheaths and to the smaller profi les that result in 
improved navigability through the access vessels. Greater experience of the oper-
ators and an adequate preoperative CT scan play a role both in the selection of 
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candidates with adequate anatomical characteristics and during the procedure 
itself.  

 Anyhow, minimal manipulation of the wires and catheters and a meticulous tech-
nique are mandatory in the prevention of perioperative stroke. 

  Paraplegia     EVAR allows the avoidance of aortic cross-clamping and its sequelae; 
however, the intercostal and lumbar arteries covered by the endograft cannot be 
reimplanted. The reported incidence of both immediate and delayed paraplegia in 
patients undergoing endovascular procedures of TAAA can be as high as 12 % of 
cases. The coverage of a long thoracic aortic segment has been reported to be a 
signifi cant risk factor for Spinal Chord Ischemia. Patients who had open AAA 
repair also appear to be prone to such a risk because of the marginal spinal cord col-
lateral blood supply secondary to the ligation of lumbar arteries performed during 
the surgical procedure. Also, proximal collateral circulation of the spinal cord may 
be involved by the occlusion of the left subclavian artery (landing zone 2) that abol-
ishes the contribution to the blood supply provided by the anterior spinal artery, a 
branch of the ipsilateral vertebral artery.  

 We reviewed and analyzed our experience with repairs of thoracic aortic 
pathology to evaluate the incidence and investigate the determinants of spinal 
cord ischemia in endovascular procedures, identify patients at risk, and assess 
the role and effi cacy of prophylactic adjuncts and therapeutic measures [ 10 ]. Our 
experience addresses the importance of hemodynamic control to prevent postop-
erative neurologic defi cits and encourages aggressive, postoperative care of these 
patients. In our practice, we now try to maintain a perioperative MAP of >90 
mmHg and use CSF drainage in patients deemed at high risk, including those 
who received AAA repair. In this respect, patients with synchronous thoracic and 
AAA, which we earlier treated simultaneously for both aneurysms, currently 
undergo staged procedures to better allow the development of collaterals for spi-
nal cord blood supply. In the case of delayed paraplegia, prompt CSF drainage, 
if not previously instituted, is also used to keep the CSF pressure <10 mmHg and 
possibly reverse the defi cit. 

 The risk for paraplegia after endovascular abdominal procedures, as for the 
stroke, is reduced compared to the thoracic procedures but exists and could be not 
negligible in particular in case of previously extended thoracic aorta repair. 

  Infection     As follow-up is becoming longer and the reported series larger, new seri-
ous complications are emerging and one of the most ominous ones is endograft 
infection. There are at this time several reports in the literature. This complication 
does not seem to be specifi c to a single device. Sometimes it presents as a fatal 
hemorrhage; however, sometimes the presentation is less dramatic at it may be char-
acterized by fever, pain, dysphagia hematemesis, melena, and septic symptoms. 
Treatment is very problematic; however, the outcome without treatment is invari-
ably fatal.  
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  Migration     Successful long-term aneurysm exclusion requires the durability of 
proximal and distal fi xation sites against the bloodstream forces, the fatigue of the 
materials, and the morphological behavior of the aneurysm. The Society for Vascular 
Surgery/American Association for Vascular Surgery (SVS/AAVS) standards defi ned 
endograft migration as any movement relative to anatomical therapy. As optimal 
sealing of a stent graft at the aortic wall still remains an unsolved issue, current 
technology and techniques cannot defi nitively prevent stent graft migration or type 
1 endoleak due to unfavorable anatomy or late neck dilatation from progression of 
the degenerative disease. Extensive oversizing of the aortic stent graft at the proxi-
mal or distal landing zone has been suggested as a means to increase radial force 
and improve sealing, but on the other hand, it was associated with an increased risk 
of stent graft infolding or thrombosis. To address this problem, a variety of fi xation 
methods such as hooks, barbs, free-fl ows, and longitudinal support devices have 
been developed. In addition, recently, vascular endostapling systems were devel-
oped to achieve better sealing at the proximal neck of the aneurysm and to prevent 
endograft migration. As the results are not conclusive, all these systems may reduce 
the reintervention rates after endovascular aneurysm repair.   

    Conclusions 

 The endovascular approach represents nowadays a solid alternative to the open 
repair for many pathologies involving both thoracic and abdominal aorta. 
However, a smaller proportion of women have been treated nowadays with 
EVAR and TEVAR compared with open repair and with a slightly higher rate of 
complications compared with men. The reasons of these mismatches could be 
explained mainly with peculiar anatomical differences between men and women. 
In fact, women present generally smaller access vessels and more extensive aor-
tic neck pathology. These aspects could prevent an endovascular approach or 
could cause complications. 

 In conclusion, aortic endovascular approach could be performed in women 
for both thoracic and abdominal aorta but a careful preoperative accurate plan-
ning is mandatory in all the cases in order to identify anatomical limitations that 
could prevent the technical success of the procedure. Future development of 
endovascular devices should address the complexity of the access vessels and the 
aortic anatomy, which will benefi t all patients with aortic pathology, but espe-
cially women.     
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  17      Treatment of Peripheral Arteriopathy 
in Women                     

     Marianne     Brodmann      and     Marco     De Carlo     

17.1          Prevalence and Presentation of PAD in Women 

 Until recently, peripheral artery disease (PAD) was considered to be more prevalent 
in men than in women because the diagnosis was based on the presence of typical 
symptoms, i.e., intermittent claudication (IC) [ 1 ]. However, PAD is often asymp-
tomatic or presents with atypical symptoms, and this is particularly frequent in 
women, leading to an underestimation of PAD prevalence among female subjects. 
On the contrary, when PAD diagnosis is based on the ankle-brachial index, the 
actual prevalence of PAD among women is at least the same as in men or even 
higher. Moreover, women may be hindered by fi nancial and social barriers to access-
ing and seeking care at an earlier stage [ 2 ]. 

 A recent review of population-based studies showed a mean prevalence of PAD 
of 15.6 % in women and 13.4 % in men, with a larger difference in older age groups 
[ 3 ]. Considering the aging of population and the longer life expectancy of women, 
an even higher prevalence of PAD among women is expected in the near future. 
Therefore, the need for proper diagnosis and management of PAD in women is 
pressing, and we should overcome the gender bias in the diagnosis of this largely 
underdiagnosed disease. Peripheral and coronary artery disease share most of their 
risk factors, including smoking, age, diabetes mellitus, hypertension, and dyslipid-
emia. Among these risk factors, diabetes and smoking are associated with the high-
est odds ratios for developing PAD (3.0 and 4.0, respectively) [ 2 ,  4 ]. Confl icting 
data have been reported regarding the association between diabetes and gender in 
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patients with PAD; in older studies, diabetes was more prevalent among women 
(16 %) than men (11.9 %) with an abnormal ABI, and in the Framingham Heart 
Study, diabetes increased the risk of intermittent claudication 3.5 and 8.6-fold in 
men and women, respectively [ 2 ]. On the other hand, in a recent analysis of almost 
two million hospital admission records for PAD in the United States, women showed 
a lower prevalence of diabetes than men [ 5 ]. Although the risk of developing PAD 
is proportional to the severity and duration of diabetes, studies evaluating glycemic 
control in diabetic subjects with PAD failed to fi nd an association between aggres-
sive diabetes treatment and a decrease in adverse cardiovascular events [ 6 ]. The 
presentation of leg symptoms in diabetic women with PAD may be altered by the 
presence of peripheral neuropathy, further delaying the frequently late diagnosis of 
PAD in women; the higher prevalence of medial calcinosis in women than in men 
may also confound diagnosis by falsely raising pressure recordings in the distal 
vessels. 

 The atypical presentation of PAD in women often leads to a relevant delay in 
diagnosis when compared with men, so that women more often present with 
advanced disease, have a poorer quality of life, and lower extremity function [ 5 ,  7 ]. 
Among patients with PAD, after controlling for disease severity, age, and comor-
bidities, women described more physical dysfunction, pain, and mood disturbances 
than men, leading to lower overall quality of life [ 8 ]. The decreased quality of life 
may be related to depression, which is more prevalent among women and is also 
associated with worse outcomes after limb revascularization. 

17.1.1     Indication of the Procedure in Women 

 The treatment of PAD has two intents: decrease cardiovascular morbidity and mor-
tality and improve limb-related symptoms, thus improving the quality of life. In 
fact, in addition to the obvious aim of relieving symptoms, treatment of PAD aims 
to tackle the two- to threefold higher risk of mortality associated with the presence 
of either asymptomatic or symptomatic PAD [ 9 ]. 

 These goals are achieved by a combination of reduction of risk factors, medical 
treatment, and revascularization when indicated. Clear indications for revascular-
ization include ischemic rest pain, ischemic ulceration, gangrene, or symptomatic 
disabling claudication. The decision to pursue or not pursue revascularization in 
women may be infl uenced by their higher rate of asymptomatic presentation, and 
by a gender bias discouraging interventions in women, especially among elderly 
patients. Men are more likely to undergo an intervention for their PAD than women, 
even after controlling for potential confounding factors and even when considering 
only patients with critical limb ischemia (CLI) [ 4 ]. However, women often have 
more advanced disease at the time of presentation, and this may lead to a higher 
rate of revascularization compared to men, as reported in the US Nationwide 
Inpatient Sample [ 5 ]. Women were older at the time of intervention by an average 
of 3.5 years; compared to men, women had a small increased likelihood of under-
going endovascular procedures for IC (odds ratio 1.27, 95 %CI 1.25–1.28,  P  < 0.01) 

M. Brodmann and M. De Carlo



221

and CLI (odds ratio 1.14, 95 % CI 1.13–1.15,  P  < 0.01). Similar gender-related dif-
ferences were reported from the Blue Cross Blue Shield of Michigan Cardiovascular 
Consortium registry [ 10 ]; women were older at the time of revascularization and 
had higher rates of hypertension and concurrent CAD. Women were more likely to 
present with CLI as the indication for revascularization (41 vs. 35 %,  P  < 0.0001) 
and to require intervention in two or more arterial beds because of multilevel 
disease. 

 To date, no data are available to support gender differences in the indication to 
revascularization for PAD. As a matter of fact, women are largely underrepresented 
in PAD revascularization trials, where they account for 20–30 % of participants, 
while registry data show that women actually represent 40 % of this population [ 4 , 
 11 ], so that treatment decision-making is mostly supported by results obtained in 
men.  

17.1.2     Anatomical Special Features of Women for the Procedure 

 The difference in bodily dimensions between genders leads to a difference in aver-
age arterial diameter in the lower limbs. Female iliac artery luminal diameter is 
smaller in women than in men (6.5 ± 0.5 mm vs. 8.2 ± 0.6 mm;  P  < 0.001) [ 12 ]. In 
particular, Timaran et al. reported a common iliac artery diameter of 8.4 mm in men 
vs. 7.4 mm in women, while the difference in external iliac artery diameters in men 
was not signifi cant (7.0 mm vs. 6.5 mm) [ 13 ]. In the “Safety and Effectiveness 
Study of EverFlex Stent to Treat Symptomatic Femoral-popliteal Atherosclerosis” 
(DURABILITY II) trial, the mean diameter of the superfi cial femoral artery (SFA) 
was signifi cantly smaller in women than in men (4.4 ± 0.8 mm vs. 5.0 ± 0.9 mm; 
 P  < 0.001) [ 14 ]. However, the vessel diameter does not infl uence the technical suc-
cess rate of endovascular interventions for PAD, which is comparable between gen-
ders both in the iliac and the infrainguinal district. The vessel diameter probably 
plays a role in the higher rate of vascular access complications observed in women 
undergoing peripheral vascular interventions (PVI) [ 15 ].  

17.1.3     Outcomes in Women 

 There are sex-related differences in revascularization outcomes for women, which 
may be due to older age, more advanced disease, smaller vessel caliber, and higher 
rates of comorbidities. Differences in revascularization outcomes for women with 
IC or CLI were evaluated in the US Nationwide Inpatient Sample from four geo-
graphically distinct states [ 5 ]. Among women endovascular revascularization was 
preferred over surgical revascularization, possibly because of smaller arterial diam-
eter and poorer distal runoff; in fact, women were older and had more advanced 
disease at presentation. The higher risk profi le probably explains the increased in- 
hospital mortality for women across the breadth of revascularization procedures and 
indications, which persisted after adjustment for age and comorbidities (mortality 
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after endovascular interventions was 0.5 % vs. 0.2 %; OR 1.99; 95%CI, 1.72–2.30; 
 P  < 0.01). Interestingly, women had lower rates of amputation compared to men. 

 Additional work to understand the sex-related differences in outcomes following 
percutaneous lower extremity revascularization was done with the Blue Cross Blue 
Shield of Michigan Cardiovascular Consortium registry [ 10 ]. In a propensity- 
matched analysis, 2346 women were matched to an equal number of men; com-
pared with male patients, women had more advanced disease at the time of 
presentation, but no sex-related differences for in-hospital death, myocardial infarc-
tion, and stroke, or the combined end point of these outcomes were observed. 
Women showed increased vascular complications and postprocedural transfusions 
as compared with men; however, the detrimental effect of these complications was 
compensated by a higher rate of technical success of percutaneous revasculariza-
tion. These data suggest female patients may benefi t to a greater degree with an 
invasive percutaneous strategy for the management of PAD, particularly if compli-
cations can be avoided. 

 Although data on the association between female gender and diabetes in the 
general population of patients with PAD are confl icting, such association has been 
described consistently among patients undergoing PVI. In a series of 385 PVI in 
patients with claudication (52.2 %) or CLI (47.8 %), DeRubertis and coworkers 
described a prevalence of diabetes as high as 64 % among women versus 50 % 
among men ( P  = 0.025); as expected, diabetics suffered reduced primary patency at 
1 year compared with nondiabetics (53 ± 4 % vs. 71 ± 4 %,  P  = 0.05) [ 16 ]. 

 While confl icting results have been reported regarding sex effects on survival 
after PAD revascularization [ 4 ,  5 ], studies have consistently shown that female sex 
is a risk factor for bleeding complications after percutaneous lower extremity angio-
plasty [ 10 ,  15 ] and of infections, hematomas, and seromas after lower extremity 
arterial bypass [ 17 ]. In a retrospective analysis of the multicenter Vascular Quality 
Initiative on 22,226 patients undergoing PVI from August 2007 to May 2013, 
female sex was found to be an independent predictor of access site complications, 
together with age >75 years, white race, no prior PVI, nonfemoral arterial access 
site, >6-Fr sheath size, thrombolytics, arterial dissection, fl uoroscopy time >30 min, 
nonuse of vascular closure device, bedridden preoperative ambulatory status, and 
urgent indication [ 15 ]. In particular, the odds ratio for vascular complications in 
women was 1.49 (95 % confi dence interval: 1.28–1.73); however, 30-day and 1-year 
survival were similar between genders also in this large cohort of patients undergo-
ing PVI. 

 Interestingly, no gender-specifi c differences in the outcome are described also 
for open surgery on lower limb arteries. Ballotta et al. recently reported a prospec-
tive registry of 1333 consecutive patients undergoing primary infrainguinal arterial 
surgery, comprising 496 women (37.2 %) [ 18 ]. Women were older than men (74 vs. 
71 years;  P  < 0.001) and had a higher incidence of diabetes mellitus (52 % vs. 46 %; 
 P  = 0.03) and surgery for limb salvage (91 % vs. 87 %;  P  = 0.02). The major and 
minor complication rates were comparable between men and women. At 10 years, 
no differences were observed regarding primary patency rate (47 % in women vs. 
49 % in men), secondary patency (61 % vs. 61 %), and limb salvage (93 % vs. 91 %). 
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Considering the higher risk profi le of women at time of intervention, these fi ndings 
suggest that lower extremity revascularization may be even more effective in women 
than in men.  

17.1.4     Outcome of Endovascular Procedures in the Iliac District 

 Percutaneous intervention to treat occlusive disease of the iliac arteries has met with 
mixed results between genders. Timaran et al. [ 13 ] reported a decreased primary 
patency rate at 5 years in women (38 %) compared with men (88 %). In particular, 
women with external iliac artery (EIA) stents had inferior primary patency rates at 
5 years (29 %) compared with women with common iliac artery (CIA) stents (54 %). 
Decreased EIA patency rates in women may be due to more advanced atheroscle-
rotic lesions that are less amenable to endovascular intervention. However, these 
results should be interpreted with caution, as absolute numbers were small (36 
stents in the EIA). In fact, Orr et al. reported similar primary patency rates between 
genders after a median follow-up of 13 months, although female iliac arteries were 
more often occluded before intervention and of smaller diameter [ 12 ]. Iliac stenting 
yielded similar results between genders also in the series of 160 patients described 
by Abando et al. [ 19 ]. More recently, Bechter-Hugl reported comparable primary 
patency rates up to 7 years of follow-up between women (46.4 %) and men (59.7 %) 
in a single-center experience on 337 patients (Fig.  17.1 ) [ 20 ]. Younger women 
(<60 years of age), however, showed signifi cantly worse outcome compared with 
younger men. The authors concluded that although women are older and present 
with a more advanced stage of PAD, endovascular revascularization of the iliac 
arteries is equally effective irrespective of gender.

17.1.5        Outcome of Endovascular Procedures 
in the Femoropopliteal District 

 Most contemporary studies describe no signifi cant difference in primary and sec-
ondary patency between genders after femoropopliteal endovascular interventions 
[ 10 ,  14 ,  18 ,  19 ,  21 – 23 ]. 

 The DURABILITY II trial evaluated the results of primary stenting for femoro-
popliteal disease; an analysis of the impact of sex on outcome was recently pub-
lished [ 14 ]. Despite presenting at a later age, with more severe claudication, a 
shorter absolute claudication distance, and smaller vessels than men, women 
achieved equal patency rates using angioplasty and primary stenting (Fig.  17.2 ) 
with similar target lesion revascularization, major adverse event, and mortality 
rates. However, despite these fi ndings, women subjectively had worse symptoms 
both before and 1 year after revascularization.

   In the most challenging setting of long chronic total occlusions of femoropopli-
teal arteries, the results of stenting are less favorable, particularly in women. 
Sakamoto et al. recently described a multicenter series of 352 patients undergoing 
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stent implantation of long femoropopliteal occlusion (mean occlusion length was 
194 ± 89 mm); 5-year primary and secondary patency rates were 51.8 % and 79.5 %, 
respectively, and the rates of freedom from amputation and all-cause death were 
96.2 % and 78.4 %, respectively [ 22 ]. Female gender (odds ratio, 1.95;  P  = 0.005) 
and mean stent diameter (odds ratio, 0.77;  P  = 0.03) were predictors of restenosis. 
Although primary patency was low, the secondary patency rate was acceptable. 

 The “Local Taxan With Short Time Contact for Reduction of Restenosis in Distal 
Arteries” (THUNDER) randomized trial investigated the effi cacy of a drug-coated 
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balloon (DCB) in the femoropopliteal arteries; no difference was observed between 
women and men in 6-month late lumen loss both in the control arm (1.61 mm vs. 
1.76 mm) and DCB arm (0.37 mm vs. 0.42 mm) [ 23 ]. In contrast, 5 years after treat-
ment, the cumulative target lesion revascularization rate was lower in men than in 
women treated in the DCB group (17 % vs. 38 %). Although absolute numbers of 
patients are small, this might refl ect a gender-related difference in the response to 
DCB, which may partially be explained by the smaller diameter of femoropopliteal 
arteries in women. Currently there are no further published data describing an inter-
action between gender and the results of DCB or drug-eluting stents for PAD.  

17.1.6     Outcome of Endovascular Procedures in the Tibial District 

 Endovascular interventions on BTK vessels in patients with CLI represent the most 
diffi cult challenge in the treatment of PAD and results are still far from being fully 
satisfactory. Recently Domenick et al. reported a gender and age analysis of their 
single-center experience of 201 patients (40 % female, 39 % aged more than 80 years) 
undergoing tibial artery angioplasty for CLI [ 24 ]. Consistent with previous reports, 
women were older than men at the time of presentation, but procedural success, 
comorbidities, and indications for intervention were comparable between sexes and 
age groups, as well as complications. Limb salvage rate was 88 % and was compara-
ble by gender, while renal insuffi ciency was an independent predictor of limb loss. 
Age >80 years was a predictor of impaired wound healing, at variance with sex. 
Overall primary patency rate was 62 % at 1 year and was similar between genders and 
age groups, while reintervention rate was 65 % in women vs. 46 % in men ( P  = 0.03). 
Although the exact reasons for the higher reintervention rate are not known, anatomic 
and socioeconomic factors could account for these fi ndings. Women have smaller 
arteries than men, and the same degree of intimal hyperplasia after interventions will 
be more likely to cause a hemodynamically signifi cant restenosis. In addition, women 
often present at a later stage of disease than their male counterparts. 

 On the other hand, in a series of 81 patients (53 % women) undergoing percuta-
neous interventions on BTK vessels, Tye et al. reported statistically higher primary 
patency rates at 12 and 24 months in women (77.5 % ± 6.9 % and 72.9 % ± 7.8 %) 
than in men (58.7 % ± 9.3 % and 45.2 % ± 9.9 %;  P  = 0.03) [ 25 ]. Women also had 
statistically better secondary patency rates than men at 12 and 24 months 
(90.4 % ± 4.8 % and 85.1 % ± 6.8 % in women vs. 76.0 % ± 8.1 % and 58.5 % ± 10.8 % 
in men;  P  = 0.03). Female gender remained an independent predictor of superior 
patency even after controlling for gender-related differences in lesion anatomic 
complexity. There were no signifi cant differences in limb salvage rates and overall 
survival rates at 12 and 24 months between genders. Importantly, in this series 
women were not older than men and had less advanced disease (chronic total occlu-
sion rate 25.4 % in women vs. 25.4 % in men;  P  = 0.03). These results suggest that a 
timely diagnosis and the use of endovascular procedures may lessen the gap in 
gender-related treatment outcomes and postoperative complications seen after open 
arterial reconstructions for CLI. 
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18.1          General Considerations 

18.1.1     Carotid Artery Disease 

 Ischemic stroke is now the third most common cause of death in the Western world 
[ 1 ] (Fig.  18.1 ). In addition, the morbidity related to cerebrovascular disease is par-
ticularly disabling, because it causes neurological defi cits leading to a loss of auton-
omy and disability in performing normal daily activities, due to enormous costs for 
the national health system and society [ 2 ]. The incidence of stroke was 0.2 % per 
year in the general population but rises signifi cantly in the presence of multiple risk 
factors [ 3 ].

   Annually in the United States, there are more than 700,000 new cases of stroke. 
Of these, it is estimated that 15–20 % depends on the carotid occlusive disease, and 
about 70–80 % of these events occurs as the fi rst manifestation of the disease, but 
there have been earlier clinical symptoms related to transient cerebral ischemia. In 
Italy a stroke affects about 6.5 % of the population over 65, and a percentage 
between 20 and 40 % of ischemic stroke is correlated with the presence of carotid 
artery stenosis in extracranial district. Therefore, carotid stenosis, symptomatic and 
asymptomatic, remains a signifi cant cause of stroke and the subsequent morbidity 
and mortality related to it. It is estimated that the incidence of asymptomatic carotid 
disease in the general population is not negligible, averaging between 2 and 8 %. 
Advanced age is a strong risk of increased incidence of disease. In fact, if in patients 
aged <65 years the incidence is about 0.5–1 %, this increases to 2.7 % in patients 
aged > 65 years and reaches 10 % in patients aged > 80 years. There is also the strong 
correlation of asymptomatic carotid disease in the presence of classic risk factors 
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for cardiovascular disease (dyslipidemia, diabetes, cigarette smoking, high blood 
pressure) [ 4 ]. 

 Carotid stenosis is considered the most common cause of acute ischemic cere-
brovascular events. The treatment of extracranial carotid stenosis is therefore of 
great importance in the prevention of cerebrovascular disease [ 5 ].  

18.1.2     Carotid Artery Revascularization 

 Since the carotid endarterectomy (CEA) was described in 1954 as a treatment for 
stroke prevention, this procedure was subjected, to determine its effectiveness and 
duration, in various large-scale randomized clinical trials like the European Carotid 
Surgery Trial (ECST) [ 6 ] and the North American Symtomatic Carotid 
Endarterectomy Trial (NASCET) [ 7 ] which showed that the surgical removal of 
plaque by endarterectomy is superior to medical therapy in preventing stroke in 
patients with symptomatic carotid stenosis disease criticism. For asymptomatic 
carotid disease, it is useful to refer to the data derived by ACAS (Asymptomatic 
Carotid Atherosclerosis Study) [ 8 ], the fi rst large randomized trial that compared 
medical treatment to surgical treatment. This study demonstrated a risk of ipsilateral 
stroke at 5 years, respectively, of 5.1 % in the surgical arm and 11 % in the medical 
therapy arm ( p  = 0.004). The study, therefore, showed a relative risk reduction of 
53 % with a greater benefi t in men (66 %) compared to females (17 %). The ACST 
(Asymptomatic Carotid Surgery Trial) [ 9 ] has fi nally confi rmed the role of the supe-
riority of surgery compared to medical therapy alone in the treatment of 
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asymptomatic carotid disease. In this randomized study, the risk of stroke at 5 years 
was 6.4 % in the treatment arm CEA against 11.8 % in the group treated with medi-
cal therapy alone ( p  <0.0001). This has led to consider the CEA treatment of refer-
ence (gold standard) in symptomatic or asymptomatic carotid disease. It should be 
noted, however, that some of the patients with carotid stenosis was excluded from 
these trials because it was considered “high-risk surgery.” Moreover all these refer-
ence works are dated and were conducted without the modern medical therapy. 

18.1.2.1     Carotid Artery Stenting 
 In recent decades the endovascular treatment of carotid stenosis has developed con-
siderably, guided by the success achieved in the coronary district, since the latter has 
some advantages such as less invasiveness, the absence of risk of injury of cranial 
nerves, no need for general anesthesia, and reduced hospitalization time. After the 
fi rst carotid angioplasty performed by Mathias in 1977 [ 10 ], the endovascular tech-
niques have rapidly developed, especially after the introduction of the self- 
expandable stent. In 1996, Dietrich et al. reported the fi rst large series of patients, 
suffering from symptomatic and asymptomatic carotid stenosis, treated with angio-
plasty and carotid stenting [ 11 ]. In 1997, Yadav et al. reported the results of the fi rst 
study carried out on the basis of a defi ned protocol and having an independent 
neurological assessment [ 12 ]. In that series, in which most of the 126 patients 
included could not be treated by TEA, on the basis of the exclusion criteria of 
NASCET, it has been reported a technical success of 100 % and a rate of stroke and 
death equal to 2.4 %. These results have led to a rapid spread of such a procedure, 
so that Wholey and colleagues reported in 2000 over 5000 procedures of carotid 
stenting in the world [ 13 ].  

18.1.2.2     CEA Versus CAS 
 In 2001 the results of the fi rst trial that compared CAS to CEA was published. The 
CAVATAS (Carotid and Vertebral Artery Transluminal Angioplasty Study) evalu-
ated patients with high-grade carotid stenosis, treated by carotid angioplasty, with 
or without stenting and without any cerebral protection or by CEA. The incidence 
of stroke or death at 30 days and in the follow-up was almost the same. CAS, com-
pared with CEA, however, demonstrated a lower incidence of cranial nerve injury. 
An increased incidence of severe restenosis at follow-up 1 year, however, was 
observed after CAS (14 % vs. 4 %) [ 14 ]. 

 The trial SAPPHIRE (Stenting and Angioplasty with Protection in Patients at 
High Risk for Endarterectomy) evaluated patients at high surgical risk, with asymp-
tomatic stenosis > 80 % or symptomatic > 50 %, who underwent CAS with cerebral 
protection system (Fig.  18.2 ) or endarterectomy. In this study, the protected CAS 
was even superior compared to surgery. Indeed, while the results were similar in 
regard to mortality and stroke (3.1 % vs. 3.3 %), CAS was superior considering the 
incidence of myocardial infarction (1.9 % vs. 6.6 %) and overall incidence of stroke, 
MI and death 4.4 % in patients undergoing CAS versus an incidence of 9.9 % in 
patients undergoing CEA [ 15 ,  16 ].
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   Three other randomized trials have instead reported results favorable to CEA: study 
SPACE (Stent-protected Percutaneous Angioplasty of the Carotid vs. Endarterectomy), 
which evaluated CAS (with cerebral protection) versus CEA in 1214 patients with 
symptomatic carotid stenosis > 70 % [ 17 ]; trial EVA-3S (Endarterectomy Versus 
Angioplasty in Patients with Symptomatic Severe Carotid Stenosis), which has ran-
domized 527 patients with symptomatic carotid stenosis > 60 %, undergoing protected 
CAS or CEA [ 18 ]; and fi nally the study CAVATAS 2-ICSS (International Carotid 
Stenting Study), which has evaluated 1713 patients at high surgical risk with symptom-
atic carotid stenosis > 70 % underwent to protected CAS or CEA [ 19 ]. On the basis of 
these trials, and of various independent works conducted by vascular surgeons, for 
many years the gold standard for the treatment of carotid artery disease remains CEA, 
and CAS has been indicated only for patients not eligible to surgery. 

 In 2010, however, were published the fi nal data of the CREST (Carotid 
Revascularization Endarterectomy versus Stent Trial), a multicenter randomized 
trial which compared TEA and protected CAS in symptomatic and asymptomatic 
patients at high risk (carotid stenosis >50 % for the symptomatic and >70 % for 
asymptomatic). In this study, conducted on 2502 patients, the primary end point 
(stroke, MI, death from any cause in the perioperative period and ipsilateral stroke 
within 4 years of follow-up) showed no signifi cant differences between the two 
procedure (7,2 % versus 6,8 %,  p  = 0.51) [ 20 ]. 

 The impact of technology on the results of CAS was then confi rmed by more 
recent studies in which endovascular procedures, all performed with the routine use 
of stents dedicated and cerebral protection system, have shown a lower incidence of 
stroke and death, comparable with the best results reported for the surgical treat-
ment (43). Although CAS has proven safe and effective method in asymptomatic 

a b c

  Fig. 18.2    Types of cerebral protection devices: ( a ) Filter positioned distal to the lesion of ICA. ( b ) 
Protection Balloon infl ated distally to the lesion of ICA. ( c ) One Balloon infl ated in the external 
Carotid artery and one infl ated in the common Carotid  artery in order to interrupt the anterograde 
fl ow in the ICA       
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and symptomatic patients at high surgical risk, still it remains unsolved and debated 
the correct strategy for asymptomatic patients at low risk, particularly in the popula-
tion of octogenarians and women.  

18.1.2.3     “Tailored CAS” 
 The “tailored approach” to CAS consists of the planning of a specifi c endovascular 
strategy for a specifi c patient. This approach depends on an in-depth knowledge of 
all characteristics of the endovascular equipment (guiding catheters, guiding 
sheaths, guide wires, embolic protection devices, balloons, and stents) to precisely 
match the most suitable device to a specifi c vascular anatomy, carotid lesion, or 
cerebral circulation pattern as well as to the patient clinical presentation. Our group 
in 2009 published the results of the “tailored-CASE registry” which analyzed the 
use of the “tailored approach” in 1.523 procedures. A procedural success rate of 
99.6 % was achieved. The 30-day all-stroke and death rates were 1.2 % and 2.7 % 
for the asymptomatic and symptomatic patient groups, respectively. The highest- 
risk population, the symptomatic patients aged more than 80 years, had a 30-day 
all-stroke and death rate of 4.5 %. Based on those fi ndings, the use of the “tailored 
approach” by experienced operators seems to be a valuable tool to increase the 
overall CAS safety [ 21 ].   

18.1.3     Gender Differences in Cardiovascular Diseases 

 The awareness of the different realities of the female begins when Bernadine Healy, 
in 1991, wrote a famous editorial in the prestigious  New England Journal of 
Medicine  entitled “The Yentl syndrome,” commenting on two studies that reported 
how women with coronary artery disease were generally cared less and receive less 
aggressive interventions than men [ 22 ]. The article was clearly defi ant by the fi rst 
woman to head the US National Institute of Health and had huge coverage in scien-
tifi c world as well as the media. 

 In the last two decades, several studies have investigated the gender differences 
in clinical manifestations and prognosis of cardiovascular disease. The results of 
these studies showed some important differences related to gender. In fact, while the 
effects of gender, age, and culture on the health of man and woman have been exten-
sively studied, what is still missing is a similar focus on the impact that gender dif-
ferences have on the pathophysiology and, therefore, on the treatment of the most 
common social diseases, including cardiovascular disease. 

 This difference is particularly marked in cerebrovascular diseases where 
women show a higher mortality and morbidity than men (Fig.  18.3 ). Of the 
estimated 795,000 new or recurrent stroke each year in the USA, 53.3 % appears 
in women and 61 % of the disease-related mortality is the prerogative of the 
female sex.

   Stroke in women kills twice than breast cancer and it is estimated that one in fi ve 
women will have a stroke in their lifetime. Even the risk factors are more common 
in women or are specifi c to women. Hypertension, diabetes, atrial fi brillation, 
migraine with visual aura, and depression are more common in women. In addition, 
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pregnancy, preeclampsia, use of contraceptives, postmenopausal hormone replace-
ment therapy, and gestational diabetes are specifi c risk factors for cerebrovascular 
events in female sex. The damage produced by a cigarette in a woman is equivalent 
to that produced by fi ve cigarettes in man, and diabetes increases the risk of vascular 
disease from three to fi ve times in woman. 

 In a study published in 2009, Petrea RE et al. explored gender differences in the 
incidence and severity of stroke in the Framingham Heart Study, based on the data 
from a follow-up of 56 years. In the population of participants in the Framingham 
original (5119 of which 2829 women) and in the offspring cohort (4957 of which 
2565 women), the authors observed 1136 strokes (638 in women) during follow-up. 
Women were statistically older at the time of stroke and had an increased rate of 
stroke over the age of 85, but minor in the other ages. Furthermore, from 3 to 
6 months after the stroke, women were signifi cantly more disabled [ 24 ]. 

18.1.3.1     Gender Differences in Carotid Artery Revascularization 
 The infl uence of sex on the rise in the risk of stroke and perioperative death during 
carotid revascularization has been well described for CEA. The Asymptomatic 
Carotid Atherosclerosis Study (ACAS) was the fi rst study that showed a nonsignifi -
cant trend toward an increased risk of stroke and death in women underwent to CEA 
[ 25 ]. The European Carotid Surgery Trial (ECST) found a signifi cantly increased 
periprocedural risk for women with symptomatic stenosis compared to men (11.1 % 
vs. 6.4 %,  p  = 0.002) [ 26 ]. Schulz and Rothwell have speculated that this effect may 
be caused by the anatomy of the internal carotid arteries that in women may have a 
diameter of up to 40 % smaller than those of men, making the surgical procedure 
technically most challenging [ 27 ]. These data could have led to “undertreat” women 
in clinical practice, particularly if asymptomatic. 

 In 2009, Howard et al. submitted an analysis of the lead-in phase of CREST 
comparing the results of 1564 patients (in which only 26.5 % were symptomatic) 
underwent CAS distinct by gender. There was no signifi cant difference in the rate of 
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periprocedural stroke and death between women and men (4.2 % vs. 4.5 %). Taking 
into account the symptomatic status, the difference between symptomatic and 
asymptomatic women (5.6 % vs. 4.1 %) was smaller than it was for men (5.9 % vs. 
3.5 %). After adjustment for demographic factors (age and race), vascular character-
istics (reference diameter, lesion length, percent stenosis), and cardiovascular risk 
factors (hypertension, hypercholesterolemia, diabetes, and smoking), gender differ-
ences were not statistically signifi cant [ 28 ]. 

 In 2011, Howard et al. presented the results of CREST comparing CAS and 
CEA according to gender. The composite primary end point of MI, stroke, or 
death during the periprocedural period or ipsilateral stroke within 4 years did not 
differ signifi cantly by sex. The primary end point occurred in 6.2 % of men treated 
with CAS compared to 6.8 % treated with CEA. The rates for women were 8.9 % 
in the stenting group versus 6.7 % in the surgical group. Regarding periprocedural 
events only, the rate of complications was 4.3 % in the male CAS group compared 
with 4.9 % in the male surgical group. Among women, the rate in the CAS group 
was 6.8 % compared with 3.8 % in the CEA group [ 29 ]. The result of CREST has 
defi nitely changed the knowledge about the superior of CEA over CAS and about 
a more conservative treatment of carotid stenosis in women, even if the debate is 
still open.    

18.2     Women and Carotid Artery Disease: The “Maria Cecilia 
Hospital” Experience 

 Maria Cecilia Hospital has gained a renowned experience in percutaneous treatment 
of carotid artery disease. As a single high-volume center performing CAS, we per-
formed a large number of procedures using a “tailored” approach according to 
patient’s and lesion’s characteristics. 

18.2.1     CAS Procedures: Our Common Practice 

 We retrospectively collected all CAS procedures performed in the Department of 
Diagnostics and Interventional Cardio-Angiology at Maria Cecilia Hospital (Group 
GVM Care & Research) of Cotignola between March 2012 and January 2015. 

 A total number of 516 procedures of CAS in 461 patients with symptomatic or 
asymptomatic carotid stenosis ≥ 70 % were identifi ed, and demographic data, risk 
factors, cardiovascular and neurological history, as well as clinical status at presen-
tation were collected. In addition, for each patient a systematic review of the angi-
ography of supra-aortic vessels performed before the procedure considering 
anatomical features like aortic arch type (Fig.  18.4 ), arch bovine type, and vascular 
tortuosity (Fig.  18.5 ) was defi ned according to the criteria of Weibel and Fields.

    All carotid stenting procedures were performed by an interventional cardi-
ologist with extensive experience in carotid revascularization using the concept 
of “tailored CAS.” 
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 The different types of stents used included Xact Carotid Stent System (Abbott 
Vascular), Monorail Carotid Wallstent Endoprothesis (Boston Scientifi c), Cristallo 
Ideale (Platform Invatec, Medtronic), RoadSaver (Terumo), ViVEXX (VIVA), and 
noncarotid stents (off-label use). 

 In 98.4 % of cases, access was transfemoral, while in seven cases it was transra-
dial. A guide catheter of appropriate shape and a hydrophilic standard guidewire 
0.035 inch (Terumo Corporation) were used. A distal fi lter (EPI FilterWire, Boston 
Scientifi c, Nanterre, France, Spider, ev3, Irvine, USA) or a proximal cerebral pro-
tection system (Mo.Ma system, Invatec, Roncadelle, Italy) was used for cerebral 
protection. 

Type I Type II Type III

  Fig. 18.4           

Type I
tortuosity

Type II
loop

Type III
kinking

  Fig. 18.5           
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 In every case, a self-expanding stent was released at the level of the carotid bifur-
cation, without predilatation if possible, and then was performed a postdilatation 
with an appropriate balloon (Fig.  18.6 ).

   Hemostasis was achieved by positioning device closure system Angio-Seal (St. 
Jude Medical) in 79.5 % of cases, Perclose ProGlide (Abbott Vascular) in 4.1 % of 
cases, or by manual compression in the remaining 16.3 % of cases.  

18.2.2     CAS Procedures: Our Data About Gender Differences 

 A total of 435 procedures were included in the study, 165 (37.9 %) of these were 
performed on female individuals. The baseline characteristics of the study popula-
tion are shown in Table  18.1 . The two populations were homogeneous for age, 
BMI, and cardiovascular risk factors, with the exception of smoking where it is 
interesting to note that although men with a history of smoking status are prevalent 
(49.4 % vs. 31.8 %,  p  = 0.0003), in the subgroup of current smokers, women do 
prevail (19.1 % vs. 14.2 %,  p  = 0.19). Women had more frequently at least moderate 
renal dysfunction (45.9 % vs. 34.4 %,  p  = 0.03), while in men a history of ischemic 
heart disease (48.2 % vs. 31, 2 %,  p  = 0.00099) as well as evidence of peripheral 
vascular disease (19.2 % vs. 12.1 %,  p  = 0.07) was signifi cantly more prevalent. No 
difference instead was recorded between the two groups on the clinical status at 
presentation, although TIA was more frequent in the group of men (9.5 % vs. 
1.9 %,  p  = 0.005).

   Despite ultrasound data on the percentage of stenosis and the peak systolic veloc-
ity in the two groups that were homogeneous, the presentation of carotid disease 
was most severe in males being more frequent a bilateral stenosis of the internal 
carotid arteries (43.9 % vs. 30.3 %,  p  = 0.0066) and an occlusion of the internal 
carotid artery contralateral to the critical one (5.6% vs. 0.6%,   p  = 0.02). Finally, in 

a b c d

  Fig. 18.6    A self expanding stent is released ( a – c ) and then a postdilatation with a baloon infl aten 
within the stent is performed (d)       
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female group a restenosis of a previous intervention of CEA (8.5 % vs. 3.7 %, 
 p  = 0.06) was found more frequently. 

 The anatomical characteristics of the treated lesions are reported in Table  18.2 . 
In women, there was a more frequent fi nding, albeit not signifi cant, of type 2 (20 % 
vs. 17 %), type 3 (15.2 % vs. 9.6 %), and bovine type (17 % vs. 15.6 %) aortic arch 
variants. A signifi cant and relevant difference was found in the presence of supra- 
aortic vessels tortuosity between the two groups (44.9 % in women vs. 21.9 % in 
men,  p  = 0.0001) (Fig.  18.7 ).

    The analysis of the characteristics of the plaque showed that the most repre-
sented lesion in both groups was the fi bro-calcifi c one. However, heavily calcifi ed 
plaques were observed more frequently in women (12.1 % vs. 6.3 %), while 

   Table 18.1    Baseline characteristics of population studied   

 Females  Males   p  value 
  Population  (%)  165 (39.7)  270 (62.1) 
  Baseline characteristics  
 Age (years)  72.6 ± 7.9  73.4 ± 8.1  0.31 
 BMI  26.5 ± 4.3  26.7 ± 3.7  0.54 
 Creatinine clearance (mL/min)  66.7 ± 24.3  70.9 ± 24.6  0.09 
  Risk factors  (%) 
 Hypertension  136 (86.6)  205 (81.0)  0.18 
 Dyslipidemia  120 (76.4)  189 (74.7)  0.78 
 Diabetes  45 (28.7)  76 (30.0)  0.85 
 Current smoking  30 (19.1)  36 (14.2)  0.19 
 Previous smoker (>1 anno)  20 (12.7)  89 (35.2)  <0.001 
 Family history of IHD  24 (15.3)  44 (17.4)  0.67 
 Kidney disease (ClCr <60 mL/min)  72 (45.9)  87 (34.4)  0.03 
 Obesity  31 (19.8)  42 (16.6)  0.50 
  Clinical history  (%) 
 IHD  49 (31.2)  122 (48.2)  <0.001 
 PAD  19 (12.1)  49 (19.4)  0.07 
 AVS  9 (5.7)  25 (9.9)  0.19 
 Previous CEA/CAS  40 (24.4)  66 (24.4)  1.00 
  Clinical presentation  (%) 
 Symptoms  33 (21.0)  69 (27.3)  0.19 
 Stroke  16 (10.2)  18 (7.1)  0.36 
 TIA  3 (1.9)  24 (9.5)  0.005 
 Other  14 (8.9)  27 (10.3)  0.24 
 CEA restenosis  14 (8.5)  10 (3.7)  0.06 
 ISR  4 (2.4)  3 (1.1)  0.51 
 Contralateral ICA occlusion  1 (0.6)  15 (5.6)  0.02 
  Ultrasound data  
 ICA stenosis (%)  79.5 ± 8.0  80.6 ± 8.7  0.32 
 PSV (m/s)  3.0 ± 1.6  2.8 ± 1.3  0.20 

   AVS  aortic valve stenosis,  BMI  body mass index,  CAS  carotid artery stenting,  CEA  carotid endar-
terectomy,  ICA  internal carotid artery,  IHD  ischemic heart disease,  ISR  intra-stent restenosis,  PAD  
peripheral artery disease,  PSV  peak systolic velocity,  TIA  transient ischemic attack  
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complex plaques were signifi cantly more common in men (27.4 % vs. 12.7 %,  p  = 0, 
0025). Finally there was a statistically signifi cant difference between men and 
women in the length of the lesion (Fig.  18.8 ).

   Procedural technical features are reported in Table  18.3 . In the group of women, 
it was more common to use a distal device for cerebral protection (47.3 % vs. 34.1 %, 
 p  = 0.01), while no signifi cant difference was found in the involvement of common 
carotid artery or ipsilateral external carotid artery in obstructive disease (which rep-
resented one of the major limitations in the use of a proximal cerebral protection 
systems).

   Table 18.2    Vascular anatomy and lesion’s features   

 Females  Males   p  value 
  Anatomical features  (%) 
 Type 1 aortic arch  107 (64.8)  198 (73.3)  0.12 
 Type 2 aortic arch  33 (20.0)  46 (17.0)  0.12 
 Type 3 aortic arch  25 (15.2)  26 (9.6)  0.12 
 Bovine-type aortic arch  28 (17.0)  42 (15.6)  0.80 
 Vascular tortuosity  74 (44.9)  59 (21.9)  <0.001 
  Plaque characteristics  (%) 
 Soft  28 (17.0)  38 (14.1) 
 Fibrous  96 (58.2)  141 (51.2) 
 Calcifi c  20 (12.1)  17 (6.3)  0.07 
 Complex  21 (12.7)  74 (27.4)  <0.001 
  Characteristics  (%) 
 Length (mm)  20.1 ± 9  21.8 ± 9.1  0.05 
 Ipsilateral CCA/ECA involvement (%)  38 (23.1)  61 (22.6)  1.00 

   CCA  common carotid artery,  ECA  external carotid artery  
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  Fig. 18.7    Gender and vascular anatomy       
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   In both groups a direct stenting was performed in most cases; however, in 
women predilatation was required more frequently (20.6 % vs. 15.9 %,  p  = 0.27). 
The stent Xact Carotid Stent System (Abbott Vascular) was the one most 

  Fig. 18.8    Gender and plaque type ( C  calcifi c,  FC  fi bro-calcifi c,  S  soft,  U  ulcerated)       

   Table 18.3    Procedural data   

 Females  Males   p  value 
  Access site  (%) 
 Transfemoral  162 (98.2)  266 (98.5)  1.00 
 Transradial  3 (1.8)  4 (1.5) 
  Cerebral protection system  (%) 
 Proximal occlusion  87 (52.7)  176 (65.2)  0.01 
 Distal fi lter  78 (47.3)  92 (34.1)  0.01 
  Technique  (%) 
 Direct stenting  131 (79.4)  227 (84.1)  0.27 
 Predilatation  34 (20.6)  43 (15.9) 
 Cutting balloon  8 (4.8)  8 (3.0)  0.45 
  Stent type  (%) 
 Xact  83 (50.3)  131 (48.5)  1.00 
 Carotid Wallstent  34 (20.6)  87 (32.2)  0.017 
 Cristallo  42 (25.4)  37 (13.7)  0.017 
 RoadSaver  4 (2.4)  7 (2.6) 
 ViVEXX  0 (0.0)  4 (1.5) 
 Balloon only  1 (0.6)  2 (0.7) 
  Technique complications  (%) 
 Cross-access site  5 (3.0)  11 (4.1)  0.77 
 Cross-cerebral protection system  2 (1.2)  0 (0.0)  0.28 
 Embolic material  18 (10.9)  33 (12.2)  0.80 
 Plaque prolapse  3 (1.8)  4 (1.5)  1.00 
  Access closure  (%) 
 Angio-Seal  133 (80.6)  213 (78.9)  0.15 
 Perclose ProGlide  3 (1.8)  15 (5.6) 
 Manual compression  29 (17.6)  42 (15.6) 
 Procedural time (min) (mean+/−sd)  58.0 (23.5)  53.7 (18.0)  0.03 
 Amount of contrast medium (mL) (mean+/−sd)  180.9 ± 44.7  183.1 ± 49.2  0.64 
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commonly used in both groups, while the stent Cristallo Ideale (Platform Invatec, 
Medtronic), which is usually the preferred choice in case of severe internal carotid 
artery tortuosities, was used much more in women than men (25, 4 % vs. 13.7 %, 
 p  = 0.009). Conversely, the Monorail Carotid Wallstent Endoprothesis (Boston 
Scientifi c) was used more in men than in women (32.2 % vs. 20.6 %, respectively; 
 p  = 0.0017) (Fig.  18.9 ).

   21 % of women were symptomatic, with no statistically signifi cant differences in 
age, BMI, and creatinine clearance compared to asymptomatic ones. Basal clinical 
features only differed in smoking habit (33.3 % in the symptomatic group vs. 15.3 % 
in the asymptomatic group,  p  = 0.04). Asymptomatic women showed a trend (not 
statistically signifi cant) to have diabetes mellitus (32.3 % vs. 15.6 %,  p  = 0.06) and a 
history of ischemic heart disease, peripheral vascular disease, and aortic valve ste-
nosis (52.4 % vs. 36.1 %,  p  = 0.74). Symptomatic women more frequently received 
a Carotid Wallstent (39.4 % vs. 16.1 %,  p  = 0.02), and there was a trend toward a 
more frequent use of proximal cerebral protection system (63.6 % vs. 50.8 %, 
 p  = 0.26) compared to the asymptomatic group. Instead no statistically signifi cant 
differences were found in the vascular anatomy and in the characteristics of the 
plaque between the two groups.

  In the group of men, asymptomatics were 27.3 %, with no statistically signifi -
cant differences in age, BMI, and creatinine clearance compared to symptom-
atic ones. As in women, asymptomatic men had a slight tendency (not statistically 
signifi cant) to have diabetes mellitus (32.1 % vs. 24.6 %,  p  = 0.32). Compared to 
symptomatic ones, the asymptomatic group had a more frequent history of isch-
emic heart disease (56 % vs. 27.5 %,  p  = 0.0001), while the presence of a history 
of peripheral vascular disease and aortic valve stenosis was similar in the two 
groups. There were no statistically signifi cant differences between symptomatic 
and asymptomatic groups in the analysis of anatomical features, plaque charac-
teristics, and intraprocedural data. 

 Comparative analysis of the two subgroups of symptomatic patients accord-
ing to sex showed that the most frequent clinical presentation in men was TIA 
(34.8 % vs. 10.7 %,  p  = 0.03), while in women it was stroke (46.4 % vs. 26.1 %, 
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 p  = 0.09). Of note, the frequency of use of the proximal cerebral protection sys-
tem and the type of stent deployed were similar in the two groups. 

 As shown in Table  18.4 , the primary end point of procedural success was 
achieved in 98.9 % cases in men group and in 100 % of cases in the group of women. 
No statistically signifi cant differences between the two groups were found either in 
the composite end point of all relevant adverse events (8.5 % in women group vs. 
4.8 % in men group) or in major adverse cardiovascular and cerebrovascular events 
(including death from any cause, periprocedural myocardial infarction, major or 
minor stroke). No peri- and postprocedural death was observed. There was only one 
case of acute myocardial infarction readily treated with percutaneous angioplasty. 
The rate of stroke was 1.8 % in the group of men and 1.2 % in the women group and, 
considering only the cases of major stroke, respectively, 1.1 % and 0.6 %. Bleeding 
and clinically relevant CIN occurred, respectively, in 3.2 % and in 3.7 % of cases in 
the whole population, with a trend, although not statistically signifi cant, toward 
greater frequency in women. Hematoma complicated by pseudo-aneurism forma-
tion at femoral access site was detected in 2.3 % of cases in the whole population, 
equally distributed between males and females. Figure  18.10  summarizes the gen-
der differences in the incidence of periprocedural adverse events.

    A statistically signifi cant difference between the two groups was found in the 
duration of the procedure, longer in women than in men (23.5 ± 58 min vs. 53, 
7 min ± 18,  p  = 0.03), while we did not fi nd any differences in the amount of contrast 
medium used during the procedure. 

   Table 18.4    Procedural success and adverse events   

 Females  Males   p  value 
  Procedural success  (%) 
 Angiography  165 (100.0)  267 (98.9)  0.45 
 Ultrasound  158 (95.8)  257 (95.2)  0.97 
  Major adverse events  (%) 
 Total  14 (8.5)  13 (4.8)  0.18 
 MACCE  3 (1.8)  5 (1.8)  1.00 
 Death  0 (0.0)  0 (0.0)  1.00 
 AMI  1 (0.6)  0 (0.0)  0.80 
 Major stroke  1 (0.6)  3 (1.1)  0.99 
 Minor stroke  1 (0.6)  2 (0.7)  1.00 
 TIA  2 (1.2)  4 (1.5)  1.00 
 CIN  5 (3.0)  2 (0.7)  0.15 
 Bleeding  5 (3.0)  2 (0.7)  0.15 
 Pseudoaneurysm  2 (1.2)  3 (1.1)  1.00 
  Minor adverse events  (%) 
 Total  40 (24.4)  36 (13.3)  0.005 
 Hypotension  9 (5.4)  6 (2.2)  0.13 
 Hematoma not complicated  7 (4.2)  3 (1.1)  0.11 
 Anemia (GUSTO 1)  13 (7.9)  7 (2.6)  0.006 
 Increased in serum creatinine (>25 % baseline)  11 (8.1)  20 (7.4)  0.90 

   AMI  acute myocardial infarction,  CIN  contrast-induced nephropathy,  MACCE  major adverse coro-
nary or cerebrovascular events,  TIA  transient ischemic attack  
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 Finally, the percentage of patients who had minor complications justifying a 
longer hospital stay for medical observation was higher in female patients than 
in male ones (24.2 % in women vs. 13.3 % in men,  p  = 0.024). In the women 
group, a postprocedural drop in hemoglobin was more common (7.9 % vs. 2.6 %, 
 p  = 0.0061), as well as an increase in serum creatinine levels (6.7 % vs. 1.2 %, 
 p  = 0.0065), symptomatic hypotension (5.4 % vs. 2.2 %,  p  = 0.13), and the evi-
dence of uncomplicated hematoma (4.2 % vs. 1.1 %,  p  = 0.11).   

18.3     What We Have Learnt About Gender Differences in CAS 

 The fi rst studies that have directly compared CAS with CEA have undoubtedly 
shown the superiority of the latter, for the presence of high rates of stroke and death 
in patients treated endovascular [ 30 ,  31 ]. However, most of these papers refer to a 
period in which the carotid stenting was performed without the use of a cerebral 
protection system. The subsequent development of various cerebral protection sys-
tems has shown a reduction of the rate of neurological morbidity up to a level which 
does not signifi cantly differ from that of CEA [ 32 ,  33 ]. In particular, the system of 
proximal occlusion with reversal fl ow Mo.Ma (Invatec), whose effectiveness and 
safety has been tested in the study ARMOUR [ 34 ], requires a longer operator’s 
training but provides better results and should represent the fi rst choice, when pos-
sible [ 35 ,  36 ]. Similarly, stents used had predominantly an open cell design, now 
largely replaced by closed cell stents or the new generation of hybrid stent which 
ensures a better coverage of the plaque, especially in complex lesions at risk of 
embolization [ 37 ]. In addition for some time, the patient population studied in clini-
cal trials on carotid stenting was almost exclusively “high surgical risk,” by age and 
comorbidities and then of course at increased risk of adverse events. Finally, in 
these clinical trials, women were generally underrepresented and generally older 
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and with more comorbidities, which explains, at least in part, the worse outcome 
detected in many works in comparison with CEA. These fi ndings led to a tendency 
to a less aggressive treatment for women, especially in asymptomatic ones, as com-
pared to men, which was fi rstly questioned by a work of Goldstein et al. [ 38 ] and 
then denied by the CREST study. 

 In our series, all CAS procedures were performed using a cerebral protection 
system and minimizing the “manipulation” of the plaque (direct stenting in 82.3 % 
of cases), also using the last type of stents available (closed cell stent or hybrids in 
97.7 % of cases). Women were almost 40 % of the population studied. In fact, male 
and female populations were extremely homogeneous, both for demographic char-
acteristics that for risk factors. The only major difference was the major presence of 
at least moderate renal dysfunction in women and ischemic heart disease in men. 
The percentage of symptomatic patients at presentation was also similar in both 
groups particularly for what concerns the stroke (10.2 % of women vs. 7.1 % of 
men). 

 In this context, the procedural success was higher than 99 %, and the overall rate 
of permanent neurological complications, disable stroke, or death, which are the 
real hard end points, amounted to 0.6 % in women and 1,1 % in men, with no signifi -
cant difference in gender and far below the maximum limits generally accepted for 
surgical treatment (3 % for asymptomatic patients and 6 % for symptomatic patients) 
[ 39 ]. These results were achieved despite proven more complex vascular anatomy 
in women than men, due to the frequent presence of tortuosity of supra-aortic ves-
sels and the tendency to have a more “diffi cult” aortic arch anatomy (type 3 or 
bovine arch), which resulted in a longer procedural time but not in any change in 
clinical outcome. Women, however, showed more inherent fragility in the analysis 
of the postprocedural course, due to more frequent adverse events, even if judged 
clinically not relevant, which have justifi ed an extension of the hospital stay for 
clinical observation. 

 Based on the results obtained in this study, therefore, CAS is an effective and safe 
procedure, in the hands of expert operators, irrespective of gender distinctions. 

 By the way, the debate on the best option between drug therapy and CAS in pri-
mary prevention of stroke in a fragile population, as the one represented by women 
with symptomatic carotid artery disease, remains open [ 40 ]. Eventually, the fi nal 
data of the ACST-2, the largest trial ever conducted in order to compare CEA to 
CAS in asymptomatic patients, will likely provide important information in this 
respect [ 41 ]. 

 In conclusion, CAS is effective and safe in both sexes. In spite of the presence of 
signifi cant gender’s differences in vascular anatomy that might infl uence procedural 
technique and time, in the hands of an experienced operator in a high-volume center 
where it is applied the modern concept of “tailored CAS” where the procedure is 
planned on the characteristics of the individual patient [ 42 ], this would not affect the 
rate of procedural success or periprocedural adverse events, even in a group of 
asymptomatic women. This particular setting should be considered as a more chal-
lenging population which, however, could benefi t even more from a properly 
planned and performed procedure of CAS.     
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      Cardiac conditions that need percutaneous intervention during pregnancy are very 
rare because usually they are diagnosed and treated before pregnancy. However, as 
a result of the hemodynamic changes (Fig.  19.1 ) and hypercoagulability state of 
pregnancy, some previously undiagnosed conditions can be unmasked or can rap-
idly deteriorate even in previously stable women.

19.1       Indications for Intervention 

     1.    Worsening of cardiac conditions that had previously been missed or underesti-
mated and became symptomatic: this can occur particularly in mitral and aortic 
valve disease. The pressure gradient across a narrowed valve may increase 
greatly during pregnancy because of the rise in cardiac output. As a result of the 
high metabolic state of pregnancy, a possible acceleration of the disease process 
with progressive calcifi cation can occur either in the native or, even more often, 
in bioprosthetic cardiac valves (either porcine or bovine). These conditions have 
to be closely followed clinically and with echocardiography in order to optimize 
the time for possible interventional treatment.   

   2.    Occurrence of sudden life-threatening complications such as acute myocardial 
infarction due to coronary artery disease or coronary dissection. In a recent review 
comprising 103 pregnant women with acute myocardial infarction, atherosclero-
sis was the underlying cause in 40 % of infarctions, and coronary dissection was 
responsible for 27 % of the cases [ 1 ]. In these cases, it is very important not to 
delay intervention because the fetal risk is related to the maternal state.      
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19.2     Radiation Exposure 

 Over the last 30 years, interventional cardiology has emerged as a new therapeutic tool 
and an effective alternative to surgical therapy in several cardiac diseases, particularly 
valve stenosis and coronary artery disease. There is a lot of worry about the “real” fetal 
risk of radiation and contrast medium. The ionizing radiation can have harmful effects, 
which are cell death, teratogenic effects, carcinogenesis and genetic effects 
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(mutations); however, these effects are not observed with the doses that are needed for 
the majority of diagnostic and therapeutic procedures. The effects of radiation on the 
fetus depend on the maternal radiation dose and gestational age at which the exposure 
occurs. The maximal permissible dose of radiation to the pregnant woman has been set 
at 50 mGy (  www.bt.cdc.gov/radiation/prenatalphysician.asp    ). The effect of radiation 
during pregnancy can be divided into three main phases. Irradiation during the preim-
plantation period (0–9 days) tends to cause death rather than anomalies. The effect 
appears to be “all or none.” The incidence of spontaneous embryo resorption during the 
fi rst 2 weeks of gestation is approximately 25 %, and a dose of 100 mGy is estimated to 
increase the number by 0–1 %. During the period of active organogenesis (9–42 days), 
radiation causes severe structural anomalies. A dose of 2000 mGy will produce a 100 % 
incidence of congenital abnormalities, whereas a dose of 100 mGy results in 1 % 
increase in malformations over a baseline of 5–10 %. During the second and third tri-
mester, risks are primarily related to the development of childhood leukemia and other 
malignancies. It has been estimated that a dose of 10 mGy increases the risk of child-
hood cancer by two cases per 100,000 births to a total of six cases in 100,000 live births. 
It has been calculated that the radiation dose to the mother for the most frequently per-
formed cardiac percutaneous intervention (mitral balloon valvuloplasty and coronary 
angioplasty) are <20 mGy. Even though the risks are small, the interventional proce-
dures have to be performed with forethought and care to minimize the radiation levels 
using the ALARA principle (as low as reasonably achievable). Maneuvers to minimize 
radiation are: (1) use echo guidance when possible, (2) place the source as distant as 
possible from the patient and the receiver as close as possible to the patient, (3) use only 
low-dose fl uoroscopy as we learned from the total chronic occlusion procedures, (4) 
favor anteroposterior projections, (5) avoid direct radiation of the abdominal region, (6) 
collimate as tightly as possible to the area of interest, (7) minimize fl uoroscopy time, and 
(8) let the procedure be done by experienced cardiologist. Abdominal shielding (place-
ment of lead apron between the patient and the table) is recommended, although this 
lowers the dose to the fetus by only 2 %, paying particular attention to avoid the presence 
of lead in the fi eld of the primary beam (systems automatically adjust the emitted radia-
tion via an automatically modulatory system allowing a constant image quality; in these 
conditions, the presence of lead would increase scattered radiation). The best time for 
performing percutaneous intervention procedures is considered to be the fourth month, 
during which period organogenesis has been completed, the fetal thyroid is still inactive, 
and the volume of the uterus is still small so that there is greater distance between the 
fetus and the chest than in the following months. Monitoring and recording of radiation 
exposures is important to enable future assessment of possible effects on the fetus. These 
data should be included in the patient’s medical record or the procedure report [ 2 ].  

19.3     Percutaneous Mitral Balloon Valvotomy 

 Mitral valve stenosis, almost always of rheumatic origin, is the most common 
(90 %) and important cardiac valvular problem during pregnancy, particularly in 
developing countries. Most of the women with severe, but also those with moderate, 
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mitral valve stenosis have worsening of their symptoms in the second or third tri-
mester of pregnancy. Percutaneous balloon mitral valvotomy (PBMV) or valve 
repair/replacement during pregnancy should be considered in patients with moder-
ate or severe mitral valve stenosis and persistent symptoms despite optimal medical 
therapy. Open mitral valvotomy or valve replacement during pregnancy is rarely 
necessary and has virtually disappeared from the surgical repertoire because young 
women have pliable valves without too much calcifi cation that are suitable for per-
cutaneous balloon valvotomy. This technique has been taken over from surgical 
closed mitral valvotomy which has been carried out safely with excellent results 
since the 1950s. PBMV, since the initial description by Inoue in 1984, has been 
shown to be successful in large studies of patients with symptomatic mitral stenosis. 
The mechanism of PBMV –commissural splitting – is similar to that of surgical 
valvotomy. This procedure has given good results, especially in young patients with 
noncalcifi ed, thin valves without subvalvular thickening or signifi cant mitral regur-
gitation. Dilatation of the stenotic mitral valve results in immediate hemodynamic 
improvement. 

 The mitral gradient generally decreases from 33 to 50 % of its initial value, and 
the cross-sectional area doubles. Both pulmonary capillary wedge pressure and pul-
monary artery pressure decrease immediately, with the latter dropping further dur-
ing the week after valvuloplasty. There are potential complications associated with 
this procedure, including atrial perforation resulting from transseptal puncture, car-
diac tamponade, arrhythmias, embolism, mitral regurgitation, and hypotension. 
Mortality in the more recent series is reported to be 0.5 % [ 3 ]. Mitral regurgitation 
is the most common complication; in published reports its incidence varies from 0 
to 50 %. Severe regurgitation is, however, uncommon and will occur only when 
there is structural damage to the mitral valve. The development or increase in the 
grade of mitral regurgitation is predicted by the presence of regurgitation and the 
severity of stenosis before the procedure. In patients with pliable valves, the devel-
opment of mitral regurgitation is less frequent. Creation of a signifi cant atrial septal 
defect secondary to septal dilatation has been reported to vary from 5 to 20 % and is 
hemodynamically insignifi cant in all patients. The long-term effect of these shunts 
is unknown, but it seems that most atrial septal defects close within 24 h. 

 Since 1988, more than 300 women are reported to have had PBMVs in preg-
nancy. In women with severe mitral stenosis and well-documented immediate clini-
cal and hemodynamic results, the mean gradient across the stenotic mitral valve 
declined from the mean value of 21 to 5 mmHg, and the mitral valve area increased 
from the mean value of 0.9 to 2.1 cm 2 . There have been no reports of serious mater-
nal complications and only two fetal deaths. The reported incidence of mitral regur-
gitation is low, and in most cases it was only trivial or mild [ 4 ]. 

 Balloon infl ation generally causes transient maternal hypotension and a transient 
decrease in fetal heart rate. Both parameters return to baseline within a few seconds 
of balloon defl ation, with no serious fetal distress noted. During balloon mitral val-
volotomy, the supine position is necessary. This may cause maternal hypotension 
that can be alleviated by intravenous fl uid infusion. The recumbent position causes 
pressure of the gravid uterus on the pelvic vessels, which may obstruct the passage 
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of catheters. In the pregnant patient, the procedure has been performed with both the 
single and the double-balloon technique. Nowadays the use of single-balloon cath-
eter is the preferred choice. Transesophageal ultrasonography or even simple trans-
thoracic ultrasonography can be used during PBMV in order to minimize radiation 
exposure. 

 At the present, percutaneous mitral commissurotomy is preferably performed 
after 20 weeks gestation. It should only be considered in women with NYHA class 
III/IV and/or estimated systolic PAP 50 mmHg at echocardiography despite optimal 
medical treatment, in the absence of contraindications and if patient characteristics 
are suitable. In asymptomatic patients with mitral stenosis, the risk of maternal 
death during pregnancy and delivery is very low. However, the deterioration in 
hemodynamic conditions can be expected and emergency valvotomy may become 
necessary. A simple “rule of thumb” is an increase of one NYHA functional class 
any time during pregnancy. In these cases a “prophylactic” percutaneous mitral val-
votomy should be considered, provided that there is a satisfactory echocardio-
graphic score (<8). 

 Balloon mitral valvotomy in the pregnant patient is technically a complex proce-
dure that needs to be done quickly by an expert team. As a result of the possibility 
of a need for subsequent emergency surgery, it should be done only in centers that 
have extensive experience with this procedure and have a cardiac surgery depart-
ment on-site.  

19.4     Percutaneous Aortic Balloon Valvotomy 

 Severe aortic valve stenosis is rare during pregnancy because both the congenital 
bicuspid form is more commonly found in men and patients are normally treated 
before conception either with percutaneous or surgical valvotomy. During preg-
nancy, as results of the increase in the cardiac output, the transvalvular gradient may 
double its basal value, and clinical deterioration can develop. Intervention is indi-
cated only in severe symptomatic aortic valve stenosis, and the echocardiographic 
features alone are not enough to decide on management. 

 Percutaneous aortic balloon valvotomy is a procedure in which one or more bal-
loon are placed across the stenotic aortic valve and infl ated. The aim is to relieve the 
stenosis, presumably by separation of the fused commissures or fracturing calcifi ed 
deposits within the valve leafl ets. Early changes after successful valvotomy include 
a moderate reduction in transvalvular pressure gradient and a dramatic improve-
ment in symptoms. However, the post procedure valve area rarely exceeds 1.0 cm 2 . 
Some cases of balloon aortic valvotomy during pregnancy have been reported in the 
literature with signifi cant reduction of valve gradient, hence enabling the pregnancy 
to continue. As it is only a palliative procedure, allowing deferral of valve replace-
ment until delivery and postpartum period, the aim, particularly in the case of thick 
and calcifi ed aortic valves, is just to obtain a modest increase in the aortic valve 
area, avoiding important aortic insuffi ciency. Balloon size of aortic annulus of 1:1 is 
recommended. In women with signifi cant aortic regurgitation as well as in those 

19 Percutaneous Treatment During Pregnancy



256

with heavily calcifi ed valves, surgery should be considered, knowing that cardiopul-
monary bypass carries a risk of maternal and fetal mortality rates of 1.5 % and 
9.5 %, respectively [ 5 ].  

19.5     Acute Myocardial Infarction 

 It is well known that the incidence of acute myocardial infarction (AMI) is decreas-
ing in the Western countries as is its mortality. However, the young women popula-
tion is the only one which shows a contrary trend with an increasing incidence of 
AMI. It is probably related to childbearing at an older age, increasing cigarette 
smoking and diabetes in women (Fig.  19.2 ) [ 6 ]. Fortunately it remains a rare event 
occurring in 1 in 20,000–30,000 deliveries with a mortality rate ranging from 21 to 
37 % in past series to 7 % in the most recent ones owing improvement in diagnosis 
and treatment strategies.

   Most commonly it happens during the third trimester or in the peripartum and 
puerperal period and more often in multigravidas. 

 There are three main etiologies for the development of AMI during pregnancy, 
and risk factors, clinical presentations, and treatments vary according to them. 
(1) Coronary atherosclerotic lesions are present in 20–43 % of pregnancy-related 
AMI cases. In these cases risk factors are similar to the one observed in the 
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  Fig. 19.2    Relationship between mother’s age, which is increasing in the last 30 years, and the 
incidence of myocardial infarction (To the courtesy of Satoh H)       
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general coronary artery disease population: family history of coronary disease, 
familial hyperlipoproteinemia, low levels of high-density lipoprotein (HDL), 
high levels of low-density lipoprotein (LDL), diabetes mellitus, maternal obesity, 
smoking, hypertension, and previous use of oral contraceptives, and at least two 
of them are invariably present in a pregnant woman with AMI that is caused by 
atherosclerotic plaque. The presentation peak in the third trimester (42 % of all 
cases of atherosclerosis) and the age of the mother are more advanced than in the 
others etiology [ 7 ]. (2) Spontaneous coronary artery dissection (SCAD) is pres-
ent in 15–35 % of the cases mostly in young otherwise healthy women and occurs 
in late pregnancy (near term) or within 3 months postpartum. An increase risk is 
present in case of multiparity. The arterial wall changes (smooth muscle cell 
proliferation, impaired collagen synthesis, alterations in the protein, and acid 
mucopolysaccharide content of the media which can weaken the arterial wall) 
under hormonal infl uence associated with hemodynamic changes are the basis of 
the pathogenesis of aortic as well as coronary dissection. It most commonly 
affects the left anterior descending coronary artery often extending in the left 
main and in the circumfl ex artery. The clinical presentation in this case can be 
severe hemodynamic compromise with a high risk of maternal and fetal adverse 
outcomes. 

 (3) Thrombus/emboli is found to be an important cause of AMI during pregnancy 
(around 30 %) in the more contemporary group [ 7 ]. The increased risk of thrombo-
sis during pregnancy is a result of profound alterations in the coagulation and fi bri-
nolytic system. Thrombus can be formed in loco or be a result of emboli coming 
from the various sources such as the left atrial appendage during atrial fi brillation, 
prosthetic valves, mitral stenosis, and left ventricle in peripartum cardiomyopathy. 
Paradoxical embolism comes from the venous system in patients with a patent fora-
men ovale (it is well known that pregnancy is associated with a fourfold increase in 
venous thrombosis) (Fig.  19.3 ).

   Coronary angiography is recommended as the fi rst step in patients with AMI 
allowing a correct diagnosis of the etiology and consequently of the therapeutic 
strategy. Sometimes other imaging modality such as IVUS or OCT can help particu-
larly in case of coronary dissection to confi rm the diagnosis and to evaluate the 
extension of the disease (Fig.  19.4 ).

   As it is described in the previous paragraph, right radial approach does not 
carry, in experienced hands, more radiation dose to the mother and to the fetus 
than femoral approach, and it should be the preferred one in these young 
patients. 

 Primary percutaneous coronary angioplasty represents, now days, the treatment 
of choice in any case of acute occlusion of a main coronary vessel during preg-
nancy, and the risks of angioplasty in pregnancy are similar to those in nonpregnant 
patients [ 8 ]. 

 The atherosclerotic lesions are treated as in nonpregnant patients. However, 
in the dissected vessel, the location and extent of the dissection can guide the 
treatment strategy. Distal lesions are managed conservatively with heparin, anti-
platelet therapy, and beta-blockers, even if some of these patients can have 
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  Fig. 19.3    Twenty-six-year-old woman presenting a 6 months pregnancy with dyspnea and chest 
pain. Evidence of occluded distal marginal branch due to paradoxical embolism through a large 
patent foramen ovale from deep venous thrombosis (To the courtesy of Dr. Ferdinando Varbella)       
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recurrent ischemia due to extension of dissection and have to be treated with 
PTCA later. Medium or proximal lesions are treated with PTCA: IVUS or OCT 
has to guide the procedure either to be sure to be in the true lumen (guidewire 
have to be positioned very distally), to decide the dimension and length of stent-
ing, and to assess the results (Fig.  19.5 ). Long and/or multiple stents are often 
needed because with short stents, intramural hematoma can propagate extend-
ing the dissection anterogradely or retrogradely and also because multiple dis-
sections can be present at the same time.

   Bare-metal stents were indicated in the guidelines of the European Society of 
Cardiology in order to avoid prolonged antiplatelet therapy because incidence 
of cesarean section in patients with heart diseases is relatively high, and this 
drug regimen can lead to hemorrhagic complications at delivery [ 2 ]. However, 
the third generation of drug-eluting stents allowed a shorter dual antiplatelet 
treatment, and, taking into account that the extension of stenting in the dissected 
vessels is quite high, often with bifurcation stenting, DES use can be considered 
also in this setting. Use of bioresorbable vascular scaffold (BVS) has never been 
reported in a PTCA in a pregnant patient but was already reported in a dissected 
vessel with good results [ 9 ]: due to extensive stenting in the middle portion of 
the main dissected coronaries, it could be a nice option, but we need more data 
before recommending them. 

 The use of intra-aortic balloon pump or the Impella device to improve left 
ventricular output and coronary perfusion is also considered safe [ 10 ] in patients 
presenting in low output. In fact it is not an uncommon late presentation because 

a b

a’

  Fig. 19.4    Left anterior descending coronary dissection is well seen at angiography by a translu-
cent appearance ( yellow arrows ) in the middle of the vessel       
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the symptoms and signs can be mistaken for the normal manifestations of preg-
nancy and because there is a low index of suspicion. Rapidly irreversible myo-
cardial damage in these patients is the result of lack of preconditioning ischemia 
and is responsible of the clinical presentation in shock in some patients. Heparin 
and dual antiplatelets during the procedure are used at usual dosage, and in case 
of important coronary thrombosis, the intracoronary use of IIb–IIIa inhibitors 
should be considered as adjunctive therapy even if only limited data are avail-
able. Bypass grafting should be available for failed PTCA or for complications 
such as extensions of dissection in the ascending aorta or stenting the false 
lumen resulting in coronary occlusion. The most important objective in a young 
pregnant woman with AMI is avoidance of treatment delay. Mortality in the 

a

c

b

  Fig. 19.5    ( a ) Distal coronary artery shows a tight stenosis. ( b ) IVUS shows an intimal fl ap of a 
dissection as a cause of the stenosis. ( c ) Good result after stenting       

 

P. Presbitero and G.G. Boccuzzi



261

contemporary group is 6 %, and cardiac function is very much dependent 
from the reperfusion time with two reported heart transplant in late-treated 
women [ 7 ].  

19.6     Congenital Heart Disease 

 Even if many patients, particularly with complex congenital heart diseases operated 
in infancy, have some residual anomalies or sequelae, they very rarely need inter-
ventions during pregnancy, because they are evaluated and screened before 
pregnancy. 

 Mild, moderate, and even moderately severe right ventricular outfl ow tract 
obstruction are very well tolerated during pregnancy, as shown in some reports in 
which no deaths and low incidence of complications have been reported. However, 
severe pulmonary valve stenosis, for some reason not treated during childhood and 
even moderate forms with impaired right ventricular function and/or symptoms, 
may require percutaneous pulmonary balloon valvuloplasty during pregnancy. 
Percutaneous pulmonary valvotomy with splitting of the valve commissures has 
been shown to be safe and effective with no mortality reported and low morbidity 
[ 11 ]. The valve gradient was halved and the pregnancy continued uneventfully. As 
happens outside pregnancy, arrhythmias, transient right bundle-branch block, and a 
mild, clinically irrelevant pulmonary regurgitation can occur during and after the 
procedure. 

 Severe pulmonary regurgitation either in native right ventricular outfl ow or in a 
conduit is normally treated before pregnancy in order to optimize the cardiac status 
before the important right ventricular overload induced by the pregnancy itself. But 
if an unplanned pregnancy occurs in a sick patient, a case report showed a success-
ful percutaneous pulmonary valve replacement, a well-established strategy for 
patients with severe pulmonary valve disease of degenerated conduits in pulmonary 
atresia or tetralogy of Fallot [ 12 ]. Minimizing the radiation dose with fl uoroscopy 
only above the diaphragm, collimation to a minimum fi eld, and a fl uoroscopy frame 
rate at 2 frames per second, the dose area production to the patient was recorded as 
437 micro Gy/m 2 . 

 Aortic coarctation is a condition normally repaired before pregnancy. If this con-
dition is discovered during pregnancy, percutaneous angioplasty should be avoided 
because, being the mechanism of aortic enlargement after percutaneous dilatation 
stretching and tearing of the aortic wall, the risk of dissection is high. 

 Most patients with ASDs tolerate pregnancy without diffi culty in the absence of 
pulmonary hypertension: The effect of the increased cardiac output on the volume- 
loaded right ventricle in patients with left to right shunts may be counterbalanced by 
the decrease in peripheral vascular resistance. A large left to right intracardiac shunt 
rarely causes congestive heart failure during pregnancy. Percutaneous closure of 
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ASD or PFO should be considered only when they are responsible of neurological 
events due to paradoxical embolism in presence of deep vein thrombosis not cured 
with anticoagulation. 
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 Take-Home Messages 
 Percutaneous interventions during pregnancies have similar indications as 
outside pregnancy; however, strict parameters apply to this subgroup of 
patient because of the risks connected to the treatment. In the presence of a 
sick mother, the fetal age has to be taken into account in order to evaluate the 
right timing to undertake these procedures, before or after delivery. Technical 
issues are also similar but with additional cautions due to the need to keep the 
radiation exposure as low as possible. For this reason additional instrumenta-
tions like OCT/IVUS and TE echo have to be available in the catheterization 
lab. 
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  20      Left Ventricular Assist Devices                     

     Christina     Baum      ,     Alexander     M.     Bernhardt     , 
and     Renate     B.     Schnabel    

      The therapy regimen of acute and chronic heart failure consists of medical therapy, 
causal cardiac surgery and, as ultima ratio, heart transplantation or mechanical cir-
culatory support (MCS). MCS comprises diverse technologies for short- and long- 
term hemodynamic support. 

 Because of growing organ shortage (  www.eurotransplant.org    ) and technical 
progress, ventricular assist devices (VAD) are gaining importance not only as 
bridge-to-transplant but also as destination therapy. In contrast to the growing use of 
implantable devices, large-scale data on everyday clinical practice and outcomes are 
rare. In particular, gender aspects in indication, timing, device choice and adverse 
event rates of available and continuously refi ned devices have not been in the focus 
of investigations. Most information can be derived from registries such as 
INTERMACS (Interagency Registry for Mechanically Assisted Circulatory 
Support) [ 1 ] and EUROMACS (European Registry for Patients with Mechanical 
Circulatory Support) [ 2 ]. They are joint efforts to collect available evidence in a 
standardized fashion. Both registries provide most comprehensive data in men and 
women across countries to date. 

 The indication of MCS depends on the INTERMACS level, which determines 
the necessity and the time frame for the implantation of an assist device. Seven 
levels are defi ned, whereas level 1 characterizes the critical cardiogenic shock with 
increase of lactate and beginning organ failure. At this level, an assist device should 
be implanted within the next few hours. Further gradations are made up to level 7, 
which describes a reduced ejection fraction in a clinical stable condition without 
need for VAD implantation. In principle, there are four indications for the implanta-
tion of a short-term or long-term device (Table  20.1 ). The type of the implanted 
device depends on the respective indication.

mailto:c.baum@uke.de
http://www.eurotransplant.org/
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20.1       Percutaneous Assist Device Support 

 In the emergency setting of cardiogenic shock, acute decompensated heart failure 
and large myocardial infarctions, percutaneously implantable short-term devices are 
used frequently in the cardiac catheterization laboratory. The ease of use of modern 
devices suggests a benefi t in high-risk percutaneous coronary intervention and other 
procedures. But evidence on meaningfully improved outcomes is limited [ 3 ]. 

 The intra-aortic balloon pump (IABP) has long been the only representative of 
this group with a broad range of indications of its adjunctive use in heart failure and 
cardiogenic shock. Recently, the 2013 STEMI guidelines have downgraded the 
IABP from a I to a IIa recommendation [ 4 ], because of no mortality benefi t with or 
without IABP at 30 days after myocardial infarction induced cardiogenic shock in 
the Intra-aortic Balloon Support for Myocardial Infarction with Cardiogenic Shock 
(IABP-SHOCK II) trial [ 5 ]. The IABP is increasingly replaced by the veno-arterial 
extracorporeal membrane oxygenation (vaECMO), the Impella pump (Abiomed) or 
the Tandem Heart (CardiacAssist). The cannulas of the vaECMO are implanted 
through the femoral artery and vein. An extracorporeal centrifugal pump generates 
high blood fl ow rates without load relieve of the left ventricle. An external oxygen-
ator ensures gas exchange. Complications are severe bleeding, hemorrhagic stroke, 
peripheral and central embolisms and infections [ 6 ]. Until now, there are no recom-
mendations from the ACC/AHA concerning timing of implantation [ 4 ]. 

 The TandemHeart device has, comparable to the vaECMO, an external centrifu-
gal pump. The infl ow cannula is placed transseptally in the left atrium and the out-
fl ow cannula in the femoral artery. A fl ow of 3.5–4.5 l/min can be generated. 
Complications include pericardial tamponade, major bleeding, aortic regurgitation, 

   Table 20.1    Indications of mechanical circulatory support   

 Indication  Device  Reason of implantation 
 Bridge-to-decision  vaECMO, Impella, 

TandemHeart 
 Cardiogenic shock (INTERMACS Level 1); need 
for further evaluation before implantation of a 
long-term device (e.g., evaluation of neurological 
outcome after cardiopulmonary resuscitation) 

 Bridge-to-recovery  vaECMO, Impella, 
TandemHeart 

 Postcardiotomy syndrome, reperfusion syndrome 
after heart transplantation, acute myocardial 
infarction or myocarditis 

 Bridge-to- 
transplantation 

 VAD  Hemodynamic instability with secondary organ 
failure (e.g., renal insuffi ciency) despite inotropic 
therapy 
  Cave : Device-associated sensitization by preformed 
antibodies increases risk of antibody- mediated 
rejection after heart transplantation 

 Destination therapy  VAD  End-stage heart failure (NYHA state IV, ejection 
fraction < 30 %) with recurrent cardiac 
decompensation despite best medical therapy and 
presence of contraindications for heart transplantation 

   vaECMO  veno-arterial extracorporeal membrane oxygenation;  VAD  ventricular assist device  
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critical limb ischemia, arrhythmias and iatrogenic atrial septal defect [ 7 ]. The 
TandemHeart can be a good option in patients with severe aortic stenosis. A higher 
cardiac index but no mortality benefi t at 30 days was shown after randomization to 
IABP or TandemHeart [ 8 ]. The Impella pump is introduced via the femoral artery 
and directed via the aortic valve. The axial fl ow pump delivers non-pulsatile blood 
fl ow to the ascending aorta, which results in load relieve of the left ventricle. 
Currently, three Impella systems (Impella 2.5, 5.0 and CP) with different maximum 
fl ow rates are used. The Impella–EUROSHOCK-registry evaluates the Impella 2.5 
device in patients with cardiogenic shock after acute myocardial infarction. Men 
tended to have a higher 30-day mortality, which did not reach statistical signifi cance 
[ 9 ]. Due to the wide fl ow range and the possibility of fast and atraumatic implanta-
tion, the Impella is also used for hemodynamic stabilization in elective high-risk 
coronary procedures despite convincing evidence of a net benefi t [ 10 ]. The most 
commonly reported complications are limb ischemia, vascular injury, bleeding and 
hemolysis [ 11 ]. The Impella LP 2.5 versus IABP in Cardiogenic Shock (ISAR- 
SHOCK) trial found a slightly higher cardiac index at 30 min in the Impella group 
compared to the IABP group, but no differences in mortality rates at 30 days were 
seen [ 12 ]. 

 Despite the hemodynamic improvement seen with Impella and TandemHeart in 
comparison to IABP, no study has shown a survival benefi t yet. Therefore, there is 
actually only a class IIb recommendation for alternative left ventricular assist 
devices in patients with severe cardiogenic shock [ 4 ]. The majority of individuals, 
in whom percutaneous ventricular assist devices are used, are male. The distribution 
of generally two-thirds or more male patients, however, most likely only mirrors the 
underlying disease distribution since it resembles coronary artery disease and acute 
heart failure samples [ 8 ,  13 ]. Data considering gender aspects in percutaneous assist 
device support are almost non-existent although increasing numbers of patients are 
supplied with percutaneous circulatory support.  

20.2     Historical Development of Surgical Mechanical 
Circulatory Support 

20.2.1     From the First Heart-Lung Machine to the Total Artificial 
Heart 

 The fi rst heart-lung machine (HLM) was developed by John H. Gibbon in 1953. In 
1966, Michael E. DeBakey implanted a left VAD (LVAD) successfully for the fi rst 
time, even before the fi rst heart transplantation was performed. The fi rst total artifi -
cial heart was implanted by Domingo Liotta and Denton A. Cooley in 1969. 
Signifi cant advances in the development of VAD systems were seen in the late 
1980s: The assist devices of the fi rst generation were pulsatile-fl ow devices. The 
systems of the second generation (1990s) were characterized by continuous fl ow. 
Similar to the third generation devices, they had a longer half-life and the possibility 
of intracorporeal implantation.  
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20.2.2     From Paracorporeal to Intracorporeal Systems 

 The main representative of the paracorporeal systems is the  Thoratec VAD  system. 
Both its ventricles and cannulas are placed on the anterior abdominal wall. Still of 
importance is the  Berlin Heart EXCOR VAD  paracorporeal system. To date, it is the 
only lifesaving opportunity for children with cardiac decompensation. The fi rst rep-
resentative of the intracorporeal systems, the  HeartMate I , is a pulsatile device and 
only of historical interest today. The modern pumps (e.g., HeartMate II, HVAD) are 
continuous-fl ow systems with a higher energy effi ciency and a lower wastage. 
However, a higher rotation speed is needed, which increases the risk of hemolysis. 
In addition, as complete ventricular unloading by continuous fl ow devices prevents 
blood fl ow via the aortic valve, its loss of function leads to remodeling processes 
and aortic regurgitation.  

20.2.3     Technical Issues of an Intracorporeal VAD Implantation 
Using the HVAD (HeartWare) Pump 

 The implantation rates of the HVAD continue to rise because of the small pump 
size, the technically easy handling and the improved adverse event rates. Surgery 
can be performed with or without HLM via conventional sternotomy or minimally 
invasive via two thoracotomies. Apical purse-string sutures are placed at the optimal 
HVAD infl ow site at the apex of the left ventricle. The HVAD sewing ring is 
attached, the apex is cored and the HVAD pump secured (Fig.  20.1 ). The outfl ow 
graft is anastomosed to the ascending aorta and the patient is weaned from the 
HLM. Minimally invasive implantation technique is supposed to reduce periopera-
tive right ventricular failure associated with reduced outcomes and may prevent scar 
and adhesion formation making subsequent heart transplantation easier.

20.3         Contraindications and Adverse Events 
Under Ventricular Assist Device Support 

 Contraindications for VAD support are multi-organ failure, sepsis, malignancies 
with a life expectancy under 2 years, impossibility of therapeutic anticoagulation 
(e.g., active cerebral or gastrointestinal bleeding), severe vascular disease (e.g., 
abdominal aortic aneurysm over 5 cm, peripheral artery occlusive disease), patient 
incompliance and a severe precapillary pulmonary hypertension. 

 Frequent adverse events after VAD implantation are bleeding, thromboembolic 
complications, right ventricular failure, infections and arrhythmias. Bleeding com-
plications are often localized in the gastrointestinal tract or nasal mucosa and occur 
either perioperatively or late in the postoperative course. Right heart failure or 
acquired von Willebrand disease are often responsible for late bleeding complica-
tions. Thromboembolic complications are caused by activation of plasmatic coagu-
lation and thrombocyte aggregation triggered by the contact of the blood with the 
VAD surface. To minimize the risk of right ventricular failure, preoperative 
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evaluation of the right ventricle is necessary and temporary (about 3–4 weeks) right 
VAD (RVAD) implantation must be discussed. Beside the perioperative infections 
as pneumonia and urinary tract infection, device-associated infections (mainly 
driveline infections) caused by  Staphylococcus  species, rarely  Pseudomonas  spe-
cies and  Candida  or  Aspergillus  species must be considered. Ventricular arrhyth-
mias are due to the underlying disease, but can also be induced mechanically by the 
pump. The implantation of an implantable cardioverter defi brillator (ICD), if not 
already performed, must be discussed.  

20.4     Epidemiology of MCS 

 Most of the current evidence is derived from large registries. The 2011 founded 
INTERMACS registry is a National Heart, Lung and Blood Institute (NHLBI) spon-
sored database. The latest 2014 published sixth INTERMACS report [ 1 ] summarizes 
demographical data, survival, adverse event rates and risk factors of over 10,000 
patients of about 141 participating centers in the fi rst 8 years (June 2006 to June 2013) 
of patient enrolment. In patients with continuous-fl ow assist devices, the current 1-year 
survival is 80 %, the 2-year survival 70 % [ 1 ]. Since 2010, all patients with destination 

  Fig. 20.1    Implanted 
HVAD pump: The HVAD 
sewing ring is attached at 
the apex of the left 
ventricle and the HVAD 
pump is secured. The 
outfl ow graft is 
anastomosed to the 
ascending aorta (Photo 
courtesy of HeartWare 
International, Inc. 
Framingham, MA)       
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therapy are supported with a continuous-fl ow system. The destination therapy has 
increased from 14.7 % in 2006/2007 up to 41.6 % in 2012/2013 and thus represents 
one of the main indications. Adverse event rates with continuous- fl ow pumps are sig-
nifi cantly lower than for previous pulsatile technology [ 14 ]. Multi-organ failure is the 
main complication in the fi rst four postoperative months, whereas neurological adverse 
events dominate after 3 months. The risk for multi- organ failure and infections rises 
after 4–5 years. The overall survival is higher with continuous-fl ow systems.  

20.5     Gender Differences in VAD Support 

20.5.1     Imbalance of VAD Implantation to the Disadvantage of Women 

 Despite the similar prevalence in both sexes, women are hospitalized more frequently 
and die more often from the consequences of heart failure than men [ 15 ]. Nevertheless, 
VAD placement is far less likely used in women than in men. Women are underrep-
resented in large multicenter heart failure or mechanical circulatory support studies 
[ 16 ,  17 ]. In the use of VADs for bridge-to-transplantation (BTT), women comprise 
only 22 % of individuals in the HeartMate II BTT trial and 28 % in the HVAD 
ADVANCE trial [ 18 ]. This may be explained by anatomical reasons, as women can-
not accommodate the huge pumps of the early VAD types because of their smaller 
intrathoracic volume. Topkara et al. analysed the outcome of heart transplanted 
patients bridged to transplantation with both HVAD (HeartWare) and HeartMate II 
(Thoratec) devices [ 19 ]. It was shown that HVAD patients had smaller body surface 
areas and lower body weight and that the HVAD system was implanted signifi cantly 
more often in women. The preferred use of HVAD pumps in women is also con-
fi rmed by European data [ 20 ]. The smaller pump size of the HVAD pump and the 
possibility of intrapericardial implantation enable VAD implantation in individuals 
with small body surface area. This may also facilitate VAD support in children in the 
future.  

20.5.2     Gender Specific Characteristics in the Perioperative Course 

 Similar to previous published studies [ 17 ,  21 ], data derived from the European 
Registry for Patients with Mechanical Circulatory Support (EUROMACS) showed 
that signifi cantly more male patients received mechanical circulatory support 
( N  = 967, 151 women) [ 20 ]. As expected, women and men differed in height, weight 
and body surface area and women were reported to have less ischemic but more 
dilated and restrictive cardiomyopathy (Fig.  20.2 ). Female patients bridged to trans-
plantation with continuous-fl ow systems were shown to present with more advanced 
states of heart failure [ 22 ], having more severe mitral and tricuspid regurgitation and 
a signifi cantly lower cardiac output [ 20 ]. Postoperatively, they needed longer ino-
tropic medication, required longer intensive care therapy and needed more addi-
tional right ventricular support. Bogaev et al. showed that fewer women underwent 
heart transplantation and thus continued longer on assist device support [ 16 ]. 

C. Baum et al.



269

Gender-specifi c higher levels of class I panel reactive antibodies were made respon-
sible for the lower transplantation rates, because they are associated with a higher 
risk for antibody-mediated rejection after heart transplantation.

20.5.3        Gender Differences Concerning Adverse Events and Survival 

 In several studies, women were described to have more adverse events and a worse 
outcome after VAD implantation [ 23 ,  24 ]. Adverse events such as bleeding, neuro-
logical complications, right heart failure, infections and arrhythmias are different in 
both genders (Fig.  20.3 ). In women, more re-operations for bleeding complications 
were recorded, whereas the prevalence of pump thrombosis or cerebral bleeding 
was similar [ 20 ]. A fi rst gender-specifi c analysis of the INTERMACS data 2012 
revealed no gender differences in time to fi rst infection, bleeding or device dysfunc-
tion [ 21 ]. Nevertheless, women suffered earlier than men from neurological compli-
cations. Female gender alone was described as a signifi cant risk factor for stroke 
[ 25 ]. Bogaev et al. showed a higher rate of hemorrhagic stroke although there were 
no differences in INR, partial thromboplastin time and thrombocyte count [ 16 ]. If 
the higher rate of neurological complications in women is due to gender differences 
in pharmacokinetics and pharmacodynamics of the anticoagulation therapy or due 
to gender-specifi c differences in thrombotic risk is unknown. Ochiai et al. demon-
strated that female gender was a signifi cant risk factor for right heart failure after 
implantation of a pulsatile-fl ow system [ 26 ]. Data from the EUROMACS registry 
showed that women more often experienced right heart failure, although the preop-
erative right heart function was not different in both genders [ 20 ]. Additionally, a 
higher prevalence of arrhythmias and peripheral arterial embolisms and a slightly 
higher rate of driveline infections were seen in women.

   Morgan et al. described a worse survival of women with pulsatile-fl ow systems 
[ 23 ]. In the EUROMACS database, female patients had a signifi cant shorter sur-
vival on LVAD support, which even worsened under BIVAD therapy (Fig.  20.4 ). 

  Fig. 20.2    Female specifi c therapeutic course in VAD support       
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  Fig. 20.3    Adverse events and gender-specifi c prevalence (in events-per-patient-year;  red : women; 
 blue : men); data derived from the EUROMACS registry [ 20 ]; in brackets: international data from 
the HeartMate II clinical trial [ 16 ]       
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  Fig. 20.4    Postoperative gender specifi c survival on LVAD and BIVAD support (Data derived 
from the EUROMACS registry [ 20 ])       
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Further studies examining patients with continuous-fl ow systems could not show 
any gender differences in mortality [ 16 ,  18 ,  22 ]. Also Hsich et al. did not observe 
differences in mortality [ 21 ], although, again, women were more often in cardio-
genic shock (INTERMACS level 1) at time of implantation.

20.5.4        Outlook: Will a Ventricular Assist Device Be Developed 
Specifically for Women? 

 If the lower VAD implantation rates in women are really due to the female anatomy 
with smaller body surface area and lower intrathoracic volume, women may benefi t 
from the development of decreasing VAD size. The HeartWare’s MVAD pump [ 27 , 
 28 ], presently undergoing clinical testing, is about one-third the size of the com-
monly used HVAD device (Fig.  20.5 ). The MVAD can be implanted minimally 
invasive by a transapical access. The MVAD pump is designed to support a wide 
range of fl ows to enable both full and partial support. The small pump size and the 
wide range of fl ows facilitate right ventricular support and implantation in patients 
with smaller body surface area. The next generation is the HeartWare Longhorn 
device, which is presently still in pre-clinical testing [ 29 ]. Neither cardiopulmonary 
bypass nor outfl ow graft anastomosis will be needed. It is positioned intraventricu-
larly and the outfl ow cannula is directed to lie in the ascending aorta or in the main 
pulmonary artery (if the device is used for right ventricular support).

   Beside the smaller pump size and the possibility of implantation in smaller 
 persons, the minimally invasive surgical access is supposed to reduce the risk for 
right ventricular failure and the formation of adhesions facilitating a subsequent 

  Fig. 20.5    Miniaturization of VAD systems using the example of the MVAD ( left ) and HVAD 
( right ) device of HeartWare; the use of the MVAD device is limited to clinical studies (Photo cour-
tesy of HeartWare International, Inc. Framingham, MA)       
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heart transplantation. In addition, the less invasive surgical approach is more likely 
to gain greater acceptance by patients.  

20.5.5     Functional Capacity and Quality of Life 

 Female gender is a risk factor for depression and anxiety-related disorders after 
heart transplantation [ 30 ]. Women appear to experience higher intensity of stress 
and use negative coping styles. Female gender was shown to be associated with a 
higher perception of physical functional disability after heart transplantation [ 31 ]. 
Despite negative coping strategies, functional capacity and quality of life improves 
after VAD implantation in both, men and women [ 16 ], although limited evidence 
specifi es data by gender. In the HeartMate II clinical trial, the percentage of patients 
with NYHA functional class I or II symptoms improved from 0 % at baseline to 
83 % in women, respectively 85 % in men at 6 months. A signifi cant improvement 
in 6-min walk distances was seen in both genders. Similar results were seen for 
quality-of-life in males and females. As compared with the baseline scores, scores 
on the Minnesota Living with Heart Failure questionnaire and the Kansas City 
Cardiomyopathy questionnaires improved by over 30 points in patients with pulsa-
tile- and continuous-fl ow pumps [ 16 ,  32 ]. Quality-of-life improved irrespective of 
INTERMACS profi le [ 33 ]. 

   Conclusions 

 In summary, women receive less VAD support despite higher rates of heart fail-
ure. The reasons are manifold, most evident are anatomical restrictions. In sev-
eral studies, women had more adverse events and a worse outcome with 
mechanical circulatory support. Female gender was shown to be associated with 
longer stay on the intensive care unit and higher prevalence of right heart failure 
and neurological complications. Decreasing pump size that overcomes often 
anatomically smaller structures will possibly lead to increasing VAD implanta-
tion rates in women. In addition, referral strategies and time of implantation may 
improve the outcome of mechanical circulatory support in women.       
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