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L’orizzonte della «chirurgia del futuro» è più vicino di 
quanto possa sembrare

È la «chirurgia moderna» che viene troppo poco eseguita



TRADIZIONE «vs» INNOVAZIONE

• Volume di pazienti
• Fatturato
• Produttività
• DRG

• Preparazione
• Qualità
• Etica
• consapevolezza



QUANDO ?

LINEE

GUIDA



Coronaropatia stabile

Quando intervenire

Neumann, F.-J. et al. 2018 ESC/EACTS Guidelines on myocardial revascularization. Eur. Heart J. 34, 2949–96 (2018).



Neumann, F.-J. et al. 2018 ESC/EACTS Guidelines on myocardial revascularization. Eur. Heart J. 34, 2949–96 (2018).

Coronaropatia stabile

Come intervenire…?



Stenosi aortica 

Baumgartner, H. et al. 2017 ESC/EACTS Guidelines for the management of valvular heart disease. Eur. Heart J. 1–53 (2017)



Insufficienza aortica 

Baumgartner, H. et al. 2017 ESC/EACTS Guidelines for the management of valvular heart disease. Eur. Heart J. 1–53 (2017)



Stenosi aortica

Quando intervenire pazienti asintomatici 

Se il paziente non ha sintomi, la chirurgia è l’unica opzione
Baumgartner, H. et al. 2017 ESC/EACTS Guidelines for the management of valvular heart disease. Eur. Heart J. 1–53 (2017)



Stenosi aortica

TAVI o chirurgia: come scegliere? 

Baumgartner, H. et al. 2017 ESC/EACTS Guidelines for the management of valvular heart disease. Eur. Heart J. 1–53 (2017)



Insufficienza mitralica primitiva

Baumgartner, H. et al. 2017 ESC/EACTS Guidelines for the management of valvular heart disease. Eur. Heart J. 1–53 (2017)



Scopo: valutare la sopravvivenza a lungo termine, l'incidenza di complicanze cardiache e i
fattori che predicono l'esito in pazienti asintomatici con grave rigurgito mitralico
degenerativo (MR) sottoposti a riparazione della valvola mitrale.
• 143 pazienti asintomatici con IM severa degenerativa
• Follow-up medio di 8 anni
• Popolazione suddivisa in pazienti con disfunzione ventricolare e/o dilatazione (n=18),

pazienti con fibrillazione atriale e/o ipertensione polmonare (n=44) e pazienti senza
complicanze preoperatorie correlate alla IM severa (n=81)

Insufficienza mitralica primitiva…asintomatica?

Chenot, F. et al. Long-term clinical outcome of mitral valve repair in asymptomatic severe mitral regurgitation☆☆☆. European Journal of Cardio-Thoracic Surgery 36, 539–545 (2009).



la riparazione della valvola mitrale in pazienti asintomatici con IM degenerativa severa è generalmente 
associata a una prognosi eccellente, tranne in presenza di complicanze preoperatorie correlate alla IM. 

Ciò suggerisce che la riparazione della valvola mitrale dovrebbe essere eseguita prima dello sviluppo di 
eventuali complicanze correlate alla MR.



Obiettivo: è noto che i pazienti con grave rigurgito mitralico (MR) beneficino della riparazione 
della valvola mitrale; tuttavia, la gestione di coloro che hanno insufficienza meno che severa è 
controversa. Il follow-up è spesso ritenuto l’atteggiamento più sicuro, ma il rischio di 
sviluppare disfunzione ventricolare sinistra (LV) non è noto. 

Metodi: Utilizzando un database di studio su scala nazionale si sono analizzati gli 
ecocardiogrammi durante il follow-up clinico e la gestione medica di 204 pazienti con prolasso 
della valvola mitrale e IM non grave. La disfunzione LV è stata definita secondo le linee guida 
dell'American Heart Association come una frazione di eiezione (EF) <60% o LVESD> 40 mm.

Insufficienza mitralica primitiva…meno che severa?

Suri, R. M. et al. Management of less-than-severe mitral regurgitation: should guidelines recommend earlier surgical intervention?☆. European Journal of Cardio-Thoracic Surgery 1–7 (2011). 



Perché negare ai pazienti il trattamento precoce, senza attendere gli effetti deleteri 
dell’insufficienza mitralica?

Il grado di IM basale non è stato predittivo del
successivo cambiamento nelle misurazioni
ecocardiografiche tra valutazioni basali e follow-up.

Oltre la metà dei pazienti con IM degenerativa meno-
che-severa persistente, hanno sviluppato disfunzione
del ventricolo sinistro o peggioramento del rigurgito
nonostante una gestione medica ottimale.

Il deterioramento della funzione sistolica 
sinistra può verificarsi anche in assenza di 

progressione della IM.



Stenosi mitralica

Baumgartner, H. et al. 2017 ESC/EACTS Guidelines for the management of valvular heart disease. Eur. Heart J. 1–53 (2017)



ANEURISMI AORTICI

Erbel, R. et al. 2014 ESC Guidelines on the diagnosis and treatment of aortic diseases: Document covering acute and chronic aortic diseases of the thoracic and abdominal aorta of the adult. European heart journal 35, 2873–2926 (2014).



I DIAMETRI AORTICI NON SPIEGANO TUTTO…

Mansour, A. M. et al. Prevention of Aortic Dissection Suggests a Diameter Shift to a Lower Aortic Size Threshold for Intervention. Cardiology 139, 139–146 (2018).

Il diametro dell'aorta aumenta
sostanzialmente a causa della
dissezione stessa. La dissezione
insorge quindi a diametri
significativamente inferiori
rispetto al cut-off di 55 mm.

Questi risultati hanno implicazioni
importanti per quanto riguarda la
dimensione con cui aumenta il
rischio di dissezione.



Precedenti lavori basati sulla tomografia computerizzata su esseri umani
sottoposti a imaging prima e direttamente dopo l'inizio della dissezione
aortica hanno mostrato un aumento medio del 30% del diametro dell'aorta
ascendente con dissezione acuta.
La presente indagine ha valutato l'incidenza della dilatazione aortica
predissezione in dissezioni acute di tipo A.

Dal 2002 al 2013, 495 pazienti hanno presentato una dissezione aortica
acuta di tipo A. Di questi casi, 343 erano non-Marfan, nonbicuspidi con
eziologia di dissezione spontanea.

In quelli con angiogrammi di tomografia computerizzata preoperatoria
disponibile (n 1⁄4 83) o ecocardiogrammi transesofagei (n 1⁄4 260), i
diametri dell'aorta ascendente preoperatori sono stati modellati dai
diametri dell'aorta dissecata mediante sottrazione del tasso medio di
aumento del diametro.

I DIAMETRI AORTICI NON SPIEGANO TUTTO…

B. Rylski et al. Modeling of predissection aortic size in acute type A dissection: More than 90% fail to meet the guidelines for elective ascending replacement. 
The Journal of Thoracic and Cardiovascular Surgery 148, 944–948.e1 (2014).

Diametri aortici pre-dissezione nei due sessi ed in 4 fasce di età



I DIAMETRI AORTICI NON SPIEGANO TUTTO…

Parish, L. M. et al. Aortic size in acute type A dissection: implications for preventive ascending aortic replacement. European Journal of Cardio-Thoracic Surgery 35, 941–946 (2009).

La maggior parte dei pazienti con dissezione aortica acuta di tipo A 
presente con diametri aortici <5,5 cm, non rientrando nelle attuali 
linee guida per la sostituzione aortica ascendente elettiva. 

È necessaria una gestione medica aggressiva dei pazienti con diametro 
dell'aorta ascendente superiore a 4 cm. 

La sostituzione preventiva dell'aorta ascendente a 4,5 cm deve essere 
presa in considerazione soprattutto nei centri di chirurgia aortica ad 
alto volume e nei pazienti sottoposti a cardiochirurgia per altre 
indicazioni.



I DIAMETRI AORTICI NON SPIEGANO TUTTO…

Elefteriades, J. A. et al. Indications and imaging for aortic surgery: size and other matters. The Journal of Thoracic and Cardiovascular Surgery 149, S10–3 (2015).

il paradosso dimensionale per la dissezione aortica sta nel fatto che ci sono
enormemente più pazienti con diametri inferiori alla soglia di 5.5 com, in
modo che, pur essendo la dissezione rara a queste dimensioni, tali eventi
sono effettivamente abbastanza frequenti da essere osservati clinicamente.
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by Doppler echocardiography in 11% of 2,865 indivi duals 

(13% of men and 8% of women; Figure 6).48 At least mild 

AR was present in 4% of those examined and at least 

moderate regurgitation was present in 0.5%.48 Unlike in 

MR, trace AR was seldom found. In an echo cardiographic 

study from the USA, a 0.5% incidence of mild AR and a 

0.8% incidence of moderate AR was found among 4,352 

participants aged 21–35 years.49 In the Euro Heart Survey, 

AR accounted for only 10% of native valve disease and 

was more frequent in men than in women, with AR 

accounting for 15% of all native valve diseases in men 

and 5.5% in women.10

Degenerative disease is the most frequent cause of 

AR in industrialized countries and is charac terized 

by the combi nation of enlargement of the aortic root 

and abnor malities in the morphology and mobility of 

aortic leaflets.50,51 The spectrum of degenerative AR 

ranges from isolated aortic root aneurysm with normal 

leaflets—in which AR is the consequence of a distorted 

aortic root—to pure valve dysfunction with a normal 

aortic root, also called ‘floppy valve syndrome’. Aortic 

root aneurysm can be present in syndromic diseases, 

such as Marfan syndrome—in  hich aortic aneurysm is 

a frequent complication—Ehlers- Danlos syndrome and 

osteogenesis imperfecta. However, most cases of degen-

erative AR are isolated. The progression in AR severity is 

more rapid in the setting of mo derate or severe AR than 

in mild AR.52

Bicuspid aortic valve predisposes an individual to the 

development of AR, although less frequently than AS.42 In 

the Euro Heart Survey, bicuspid aortic valve was the most 

frequent etiology of aortic regurgitation before the age 

of 50 years.11 In a surgical pathologic series of 268 valves 

explanted because of AR, 22% were bicuspid.53

RHD remains the second most frequent etiology of AR 

in industrialized countries and its most frequent etio-

logy in developing countries. Rheumatic AR is charac-

terized by valvular thickening and retraction without 

lesions of the ascending aorta.46 A number of systemic 

diseases can cause AR through inflammatory aortitis, 

including ankylosing spondylitis, Takayasu disease, and 

Kawasaki disease, but these etiologies account for a small 

proportio n of all cases of AR.

Mitral stenosis

MS is the least common valvular disease in industrialized 

countries because, unlike other valvular diseases, it still 

occurs mainly as a result of RHD. The prognosis of MS 

depends mainly on its severity and the patient’s symp-

toms. The progression of this condition varies between 

patients, but is generally slow.54,55

The prevalence of MS was estimated at 0.1% in the US 

population-based study by Nkomo and co-workers,9 and 

MS accounted for 9% of single-valve diseases in the Euro 

Heart Survey.10 Most series show a female predominance 

among patients with MS. This condition remains the most 

common form of valvular disease in developing countries, 

where it primarily affects young adults. Given its distribu-

tion according to age and sex, rheumatic MS still accounts 

for a substantial proportion of pregnancy-related compli-

cations in developing countries.56 Rheumatic MS often 

presents as restenosis after a previous percutaneous or 

surgical commissurotomy.11 The consequences of this 

type of MS are the same as for MS on a native valve, but 

the mechanism of restenosis has an impact on the choice 

of the type of intervention.

The other main cause of MS is degenerative calcifi-

cation of the mitral annulus, which is frequently seen 

Prevalence
(cases per 1,000)
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Figure 3 | Prevalence of rheumatic heart disease in children aged 5–14 years. Reprinted from The Lancet Infectious 

Diseases, Vol. 5, Carapetis, J. R et al., The global burden of group A streptococcal diseases, pages 685–694, Copyright 

(2005), with permission from Elsevier.
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of the various types of valvular disease differ between 

industriali zed and develop ing countries, which accounts 

for marked differences in prevalence, distribution, and 

patient characteristics.

Burden of valvular heart  disease
Industrialized countries

Prevalence in the general population

The only large population-based epidemiological study 

involving the systematic use of echocardiography was 

performed in the USA in a representative population 

of 11,911 individuals.9 Valvular stenosis was defined as 

limited leaflet motion, increased transvalvular Doppler 

flow velocity, or both, corresponding to the criteria for 

moderate or severe stenosis according to the guidelines.3,4 

Valvular regurgi tation was defined by the character-

istics of the regurgitant jet as assessed by color Doppler 

echocardio graphy, corres ponding to the cri teria for 

moder ate or severe regurgitation according to the guide-

lines.3,4 In this study, the overall age-adjusted prevalence 

of valvular disease was estimated to be 2.5% (95% CI 

2.2–2.7%).9 The prevalence of the various types of valve 

diseases was as follows: aortic stenosis (AS) 0.4%, aortic 

regurgitation (AR) 0.5%, mitral stenosis (MS) 0.1%, and 

mitral regurgi tation (MR) 1.7%. Prevalence did not differ 

markedly according to patient sex, but increased substan-

tially with age, from <2% before the age of 65 years to 

8.5% in those aged 65–75 years, and 13.2% after the age 

of 75 years (Figure 1).9 

The sharp increase in the prevalence of valvular disease 

with age in industrialized countries is a conseque nce of 

the predominance of degenerative etiolo gies. In the 

same paper, Nkomo et al. estimated the prevalence of at 

least moderate valvular disease in the community of 

Olmsted County, MN, USA to be 1.8%, on the basis 

of clinical suspicion alone (that is, symptoms or cardiac 

murmur).9 This finding contrasts with the prevalence of 

2.5% determined by echocardiography and suggests that 

the burden of valvular disease is under estimated when 

assessed by clinical suspicion rather than by systematic 

echocardiographic screening.

Distribution and etiologies

The Euro Heart Survey was specifically designed to study 

the management of patients with valvular heart disease 

and prospectively included 5,001 patients from 92 centers 

in 25 European countries.10,11 Although deriving estimates 

of prevalence was not possible, because this survey was 

not conducted in a representative population, the data 

collected on the etiology and severity of valvular dis-

eases were extensive. Echocardiographic examination 

was manda tory for inclusion and detailed clinical and 

echocardiographic characteristics were available for all 

patients. Native valve disease was present in 3,532 patients 

(72%), of whom 1,197 had AS, 369 had AR, 336 had MS, 

877 had MR, 41 had isolated right-sided valvular disease, 

and 712 had multiple valve disease (Figure 2). In addi-

tion, 28% had undergone previous valve surgery.10 The 

distribution of different types of valve diseases differs 

between the Euro Heart Survey, in which AS was the most 

frequent valvular disease, and the US population-based 

study, in which the most frequent valvular disease was 

MR.9,10 These differences could be explained by the fact 

that the Euro Heart Survey specifically targeted patients 

referred for the treatment of heart valve disease of at least 

moderate severity. One could predict that different distri-

butions would be found with the systematic use of echo-

cardiography in the general population, particularly given 

the high sensitivity of Doppler-echocardiography-based 

examination in detecting trivial or mild regurgitations.12

In the Euro Heart Survey, the etiologies of the various 

types of valvular disease were assessed according to 

echocardiography and, when available, surgical find-

ings. The distribution of etiologies is detailed in Table 1. 

The most common etiology was degenerative disease 

—representing 63% of all cases of native heart valve 

disease, with a mean age of >50 years among patients 

with aortic and mitral valve diseases—followed by RHD 

in 22% of all patients.11

Key points

The prevalence of valvular heart disease is estimated at 2.5% in the US  ■

population and sharply increases after the age of 65 years owing to the 

predominance of degenerative etiologies

The term ‘degenerative’ valvular disease relates to a heterogeneous group of  ■

conditions the main characteristic of which is an increase in prevalence with 

age, rendering decision-making for interventions complex

Rheumatic heart disease remains common in developing countries, where its  ■

prevalence is underestimated by clinical examination and is estimated at 2–3% 

when using systematic echocardiographic screening

Patients who have previously undergone surgery account for almost a third of  ■

those referred for the management of valvular disease

The proportion of valvular surgeries has increased over the past decade and  ■

these procedures now account for more than 20% of all cardiac surgeries

Valve disease

Figure 1 | Prevalence of moderate or severe aortic and mitral 

valve diseases according to age from a population-based 

series of 11,911 patients. Reprinted from The Lancet, 

Vol. 368, Nkomo, V. T. et al., Burden of valvular heart 

diseases: a population-based study, Pages 1005–1011, 

Copyright (2006), with permission from Elsevier.
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Epidemiology of valvular heart disease  
in the adult
Bernard Iung and Alec Vahanian

Abstract | Valvular heart disease remains common in industrialized countries, because the decrease in 

prevalence of rheumatic heart diseases has been accompanied by an increase in that of degenerative 

valve diseases. Aortic stenosis and mitral regurgitation are the two most common types of valvular disease 

in Europe. The prevalence of valvular disease increases sharply with age, owing to the predominance of 

degenerative etiologies. The burden of heart valve disease in the elderly has an important impact on patient 

management, given the high frequency of comorbidity and the increased risk associated with intervention in 

this age group. Endocarditis is an important etiology of valvular disease and is most commonly caused by 

Staphylococci. Rheumatic heart disease remains prevalent in developing countries.

Iung, B. & Vahanian, A. Nat. Rev. Cardiol. 8, 162–172 (2011); published online 25 January 2011; doi:10.1038/ nrcardio.2010.202

Introduction
Valvular heart disease is the subject of growing atten-

tion in the field of cardiovascular medicine, particularly 

because of the changes that have occurred in its present-

ation and management over the past 60 years. Since 

the 1950s, the predominance of valvular disease has 

shifted from a rheumatic to a degenerative etiology in 

industrialized countries, leading to important changes 

in patient characteristics and in the distribution of the 

type of valvu lar lesions.1 Conversely, in developing coun-

tries valvular disease is still mainly caused by rheumatic 

heart disease (RHD).2 Progressive changes in etiology 

and marked geographical differences in the presentation 

of valvular disease underline the importance of assess-

ing its contemporary burden, not only for descriptive 

purposes, but also because of the implications of these 

changes for patient care. The management of patients 

with valvular disease has also been subject to important 

changes during the past few decades with the develop-

ment of minimally invasive interventions, such as percu-

taneous mitral commissurotomy or trans catheter aortic 

valve implantation.

Although the overall burden of valvular disease is of 

interest for public health, important differences exist in 

clinical presentation, prognosis, and management of the 

individual patient according to the location and type of 

valvular disease (stenosis or regurgitation).3,4 These dif-

ferences justify the separate assessment of each type of 

valvular disease and, in particular, the effects of infective 

endocarditis (IE). In this Review, we use this approach to 

address the various manifestations of valvular disease in 

adults. With the exception of bicuspid aortic valve, con-

genital valve disease is beyond the scope of this Review 

and is not discussed.

Epidemiological challenges
Several difficulties exist in the epidemiological study of 

valvular heart disease. These conditions cannot be diag-

nosed reliably on the basis of clinical information alone, 

as symptoms occur only at an advanced stage of disease. 

The detection of cardiac murmur enables early diag nosis,5 

but lacks specificity, since this sign can be present without 

heart disease or have other causes than valvular disease. 

In addition, the physician must be appropriately trained in 

the detection of cardiac murmur. Nationwide surgical 

registries include large numbers of patients, but exclude 

those with nonsevere valvular disease and patients who 

are denied surgery, in particular those with an excessively 

high surgical risk. Thus, the un biased determination of 

the prevalence of valvular disease requires the system-

atic performance of echocardio graphy in a representative 

popula tion. This necessity raises obvious practical prob-

lems, which explain the paucity of echocardiography-

 based epidemiological studies in the field of valvular 

disease. Besides diagnosis, echo cardiography provides 

important information in the assessment of the severity 

and prognosis of valvular disease,3,4,6–8 which is of impor-

tance because of the continuum from mild to severe 

valvular disease.

No uniform definition of valvular disease exists, since 

the clinical relevance of these conditions depends more 

on the severity of valve dysfunction than on anatomi-

cal impairment. Therefore, analysis of epidemiological 

data in this field should take into account the sever-

ity of the valvular disease. In addition, the etiologies 
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The so-called degenerative etiologies represent a 

parti cularly heterogeneous group as regards the type of 

anato mical lesion as well as pathophysiology. However, 

the term ‘degenerative’ remains widely used to define the 

most frequent etiology of valvular disease in industriali-

zed countries, its defining characteristic being the 

corre lation with increasing age. Although the inci-

dence of rheumatic fever has considerably decreased in 

industriali zed countries in the past 60 years, RHD has not 

disappeared. Residual RHD still exists in elderly patients 

who were exposed to acute rheumatic fever during child-

hood when rheumatic fever was still endemic. Migration 

of people from developing countries also contributes to 

the presence of RHD in industrialized countries.

Besides degenerative and RHD, other etiologies 

(IE, inflammatory diseases, and congenital heart dis-

eases) account for less than 10% of all cases of valvu-

lar disease (Table 1).10 Other emerging rare etiologies 

include radiation-induced13 and drug-induced14 valvular 

heart diseases.

Developing countries

RHD is a late consequence of acute rheumatic fever, which 

is initiated by pharyngeal or cutaneous infection caused by 

group A β-hemolytic Streptococci. Immune response leads 

to multiorgan involvement, including valvular inflam-

mation, which can cause severe regurgi tation during the 

acute phase.15 However, the most common consequence 

of infection in adolescents or adults is delayed valvular 

disease, which is caused by chronic valvular inflammation 

and scarring. In a review of 10 prospective population-

based studies from 10 countries worldwide, the incidence 

of the first episode of acute rheumatic fever was estimated 

to be 5–51 per 100,000 of the population per year.16 The 

annual incidence was lower (≤10 per 100,000) in America 

(USA, Chile, Martinique, and Guadaloupe) and Western 

Europe, and higher (>10 per 100,000) in Eastern Europe, 

the Middle East, Asia, and Australasia. No equivalent data 

are available for sub-Saharan Africa, where an incidence of 

13 cases per 100,000 per year was estimated on the basis 

of retro spective data.2 Approximately 60% of patients with 

acute rheumatic fever will develop RHD.17 Besides recur-

rences of streptococcal infections, which have a major 

role in the development of RHD, individual host suscepti-

bility and associated infections are likely to contribute to 

RHD.18 In addition, RHD is favored by overcrowding, 

mal nutrition, and limited access to health care.19

RHD remains prevalent in developing countries, parti-

cularly among children and adolescents (Figure 3). The 

greatest amount of data on the prevalence of valvular 

disease in developing countries comes from Asia. Most 

studies concerned school-age children and estimated 

the prevalence of valvular disease at 1–7 per 1,000 

of the population.20,21 These estimates were based on 

clinical suspi cion of valvular disease and often included 

echocardio graphic confirmation. The prevalence esti-

mate of 1.2 per 1,000 of the population in South Central 

Asia was the most reliable because it was based on 18 

series, 16 of which had echocardio graphic confirma-

tion, pooling nearly 400,000 children.20 Thus, the total 

number of cases of RHD in children aged 5–14 years in 

Asia is estimated at around 2 million.20 No reliable esti-

mate exists for the prevalence of RHD in the adult Asian 

population. In Africa, the prevalence of RHD in school-

age children was estimated to be 2.7–14.3 per 1,000.22 

For sub- Saharan Africa, the mean prevalence was esti-

mated at 5.7 per 1,000.2 In 2007, Marijon et al. estimated 

the prevalence of valvular disease among children in 

Cambodia and Mozambique at 21.5 and 30.4 per 1,000, 

respectively, on the basis of systematic echocardiographic 

examinations in 5,847 children. By contrast, clinical-

based estimates were just 2.2 and 2.3 per 1,000 children 

for Cambodia and Mozambique, respectively.23

The combination of the prevalence of RHD and 

restricted access to heath care explains why RHD remains 

an important cause of morbidity and mortality in young 

adults in developing countries. RHD could account for 

350,000–500,000 deaths per year in Asia.20 The efficacy 

of antibiotic prophylaxis has contributed to the decrease 

in the incidence of acute rheumatic fever, and subse-

quent progression to RHD, in industrialized countries. 

However, improved socioeconomic conditions are likely 

to have had the greatest impact in reducing the burden 

of this disease.1

Types of valvular heart  disease
Aortic stenosis

AS is the most common lesion among patients referred 

for the treatment of valvular disease in industrialized 

countries.10 The severity of AS, the patient’s symptoms, 

and the left ventricular ejection fraction (LVEF) have 

a strong prognostic value.3,4,6,24 Data on the prevalence 

of AS come from three population-based studies, two 
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Figure 2 | Distribution of the various types of native valvular 

heart disease in 3,547 patients in the Euro Heart Survey. 

Abbreviation: AR, aortic regurgitation; AS, aortic stenosis; 

M, multiple valve disease; MR, mitral regurgitation; MS, 

mitral stenosis; R, right-sided heart disease. Reproduced 

from Heart, Iung, B., Volume 94, 519–524, Copyright 2008 

with permission from BMJ Publishing Group Ltd.
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Table 1 | Characteristics of left-sided valve disease in the Euro Heart Survey10,11

Variables Aortic 
stenosis
n = 1,197

Aortic 
regurgitation
n = 369

Mitral 
stenosis
n = 336

Mitral 
regurgitation
n = 877

Demographic characteristics

Mean age (years) 69 ± 12 58 ± 16 58 ± 13 65 ± 14

Age >70 years (%) 56 25 18 44

Male (%) 57 74 19 52

Etiology

Degenerative (%) 81.9 50.3 12.5 61.3

Rheumatic (%) 11.2 15.2 85.4 14.2

Endocarditis (%) 0.8 7.5 0.6 3.5

Inf ammatory (%) 0.1 4.1 0 0.8

Congenital (%) 5.4 15.2 0.6 4.8

Ischemic (%) 0 0 0 7.3

Other (%) 0.6 7.7 0.9 8.1

from the USA (n = 11,9119 and n = 5,20125) and one from 

Finland (n = 57726). The data from these series lead the 

prevalence of moderate AS to be consistently estimated 

at ~2% among individuals aged 70–80 years, with the 

prevalence increasing to 3–9% after the age of 80 years 

(Figure 4). In the US population-based series by Nkomo 

and colleagues, the prevalence of AS was strongly associ-

ated with age, with an odds ratio of 2.5 (95% CI 2.0–3.1) 

per decade of increasing age.9 This result is consistent 

with the finding that the mean age of patients referred 

for the treatment of AS in the Euro Heart Survey was 

69 years.10 Old age (>75 years) is associated with increases 

in operative risk and frequency of comorbidity, and a 

decreased life expectancy, which creates difficulties in 

the decision-making process for valvular inter vention.27 

Notably, the geographic distribution of AS is not homo-

geneous. Regional clustering of cases of AS and obser-

vations of familial aggregation suggest that a genetic 

component contributes to the pathophysiology of AS.28

AS is most commonly the consequence of degenerative 

remodeling on a normal tricuspid aortic valve or a con-

genitally abnormal valve, particularly a bicuspid aortic 

valve. Macroscopically, degenerative AS is characteri-

zed by valve thickening and stiffening associated with 

the presence of valve calcification on the aortic side of the 

valve leaflets, without commissural fusion. Degenerative 

valvular changes leading to AS, whether they occur on 

a bicuspid aortic valve or a normal tricuspid valve, are 

caused by an active remodeling process involving inflam-

mation and calcification that shares a number of common 

features with atherosclerosis.29 Early changes include 

thickening of the aortic valve without hemodynamic 

consequences, which corresponds to aortic sclerosis as 

defined by valve thickening without substantial obstruc-

tion (maximum aortic jet velocity [V
max

]  <2.5 m/s). 

Aortic sclerosis is frequent, affecting 26% of patients aged 

≥65 years, and 48% of those aged ≥85 years, as reported 

in a large population- based study.25 Risk factors for aortic 

sclerosis are the same as those for athero sclerosis: increas-

ing age, male sex, smoking, hypertension, and an elevated 

LDL-cholesterol level.25 In a series of 2,131 patients with 

aortic sclerosis, 16% experienced progression towards AS 

(2.5% to severe AS) during a mean 7-year follow-up. By 

contrast, AS occurred in only 1% of patients in a control 

group who did not have initial aortic valve thickening.30 

The same risk factors are observed for AS of bicuspid 

valves.31 Aortic valvular remodeling is, therefore, an active 

and progressive disease that accounts for the increase in 

prevalence of aortic sclerosis and AS with age. However, 

the rate of progression of AS is highly variable from one 

patient to another and it cannot be predicted in an indivi-

dual patient.32,33 In addition, despite certain common feat-

ures between atherosclerosis and AS, no intervention has 

been proven to slow the progressio n of AS.34–36 

Among congenital abnormalities of the aortic valve, 

unicuspid valves and dome-shaped diaphragms are 

rare, but can cause substantial AS in children or young 

adults. The most frequent congenital abnormality of 

the aortic valve is a bicuspid aortic valve. We now know 

that a genetic component is likely to exist for bicuspid 

aortic valves.37 Systematic echocardiographic screening in 

young patients estimated the prevalence of bicuspid aortic 

valve to be 0.6–0.8% in males and 0.2% in females.38,39 The 

annual incidence of new cases of bicuspid aortic valve is 

estimated at 54,800 in the USA.40 Bicuspid aortic valve 

accounts for a high proportion of AS in young patients, 

in whom other causes of AS are rare.11 However, although 

bicuspid aortic valve is associated with normal valve 

function in the majority of young adults, it exposes these 

individuals to an increased risk of developing AS later in 

life owing to superimposed degenerative valve remodel-

ing.41,42 This concept is illustrated by the finding that 49% 

of the of 932 aortic valves explanted because of AS in a 

surgical pathological series were bicuspid, which contrasts 

with a prevalence of <1% of bicuspid aortic valves in the 

general population.43 Bicuspid valves were more frequent 

than normal tricuspid valves up to the seventh decade of 

life in this surgical series (Figure 5).43 Young adults with 

an initially normally functioning bicuspid aortic valve 

have a 24% risk of requiring an aortic valve replacement 

after 20 years, most commonly owing to AS, particularly 

in the presence of degenerative valve changes (such as 

thickening, decreased mobility, and calcification).42 

Echocardiographic diagnosis of a bicuspid aortic valve 

is difficult and should follow strict rules to avoid under-

diagnosis.44 This principle is important, not only because 

of the increased risk of developing aortic valve disease, 

but also because of the frequent association between 

bicuspid aortic valve and enlargement of the ascending 

aorta, which has its own prognostic value.45 

By contrast to the more common etiologies of degen-

erative and congenital AS, RHD is a rare cause of AS in 

industrialized countries. This manifestation of AS is charac-

terized by valve thickening and commissural fusion.46

Aortic regurgitation

AR is less frequent than AS or MR. The prognosis of AR 

depends on the severity of regurgitation and the LVEF.47 

In a series from the Framingham cohort, AR was detected 
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Epidemiology of valvular heart disease  
in the adult
Bernard Iung and Alec Vahanian

Abstract | Valvular heart disease remains common in industrialized countries, because the decrease in 

prevalence of rheumatic heart diseases has been accompanied by an increase in that of degenerative 

valve diseases. Aortic stenosis and mitral regurgitation are the two most common types of valvular disease 

in Europe. The prevalence of valvular disease increases sharply with age, owing to the predominance of 

degenerative etiologies. The burden of heart valve disease in the elderly has an important impact on patient 

management, given the high frequency of comorbidity and the increased risk associated with intervention in 

this age group. Endocarditis is an important etiology of valvular disease and is most commonly caused by 

Staphylococci. Rheumatic heart disease remains prevalent in developing countries.

Iung, B. & Vahanian, A. Nat. Rev. Cardiol. 8, 162–172 (2011); published online 25 January 2011; doi:10.1038/ nrcardio.2010.202

Introduction
Valvular heart disease is the subject of growing atten-

tion in the field of cardiovascular medicine, particularly 

because of the changes that have occurred in its present-

ation and management over the past 60 years. Since 

the 1950s, the predominance of valvular disease has 

shifted from a rheumatic to a degenerative etiology in 

industrialized countries, leading to important changes 

in patient characteristics and in the distribution of the 

type of valvu lar lesions.1 Conversely, in developing coun-

tries valvular disease is still mainly caused by rheumatic 

heart disease (RHD).2 Progressive changes in etiology 

and marked geographical differences in the presentation 

of valvular disease underline the importance of assess-

ing its contemporary burden, not only for descriptive 

purposes, but also because of the implications of these 

changes for patient care. The management of patients 

with valvular disease has also been subject to important 

changes during the past few decades with the develop-

ment of minimally invasive interventions, such as percu-

taneous mitral commissurotomy or trans catheter aortic 

valve implantation.

Although the overall burden of valvular disease is of 

interest for public health, important differences exist in 

clinical presentation, prognosis, and management of the 

individual patient according to the location and type of 

valvular disease (stenosis or regurgitation).3,4 These dif-

ferences justify the separate assessment of each type of 

valvular disease and, in particular, the effects of infective 

endocarditis (IE). In this Review, we use this approach to 

address the various manifestations of valvular disease in 

adults. With the exception of bicuspid aortic valve, con-

genital valve disease is beyond the scope of this Review 

and is not discussed.

Epidemiological challenges
Several difficulties exist in the epidemiological study of 

valvular heart disease. These conditions cannot be diag-

nosed reliably on the basis of clinical information alone, 

as symptoms occur only at an advanced stage of disease. 

The detection of cardiac murmur enables early diag nosis,5 

but lacks specificity, since this sign can be present without 

heart disease or have other causes than valvular disease. 

In addition, the physician must be appropriately trained in 

the detection of cardiac murmur. Nationwide surgical 

registries include large numbers of patients, but exclude 

those with nonsevere valvular disease and patients who 

are denied surgery, in particular those with an excessively 

high surgical risk. Thus, the un biased determination of 

the prevalence of valvular disease requires the system-

atic performance of echocardio graphy in a representative 

popula tion. This necessity raises obvious practical prob-

lems, which explain the paucity of echocardiography-

 based epidemiological studies in the field of valvular 

disease. Besides diagnosis, echo cardiography provides 

important information in the assessment of the severity 

and prognosis of valvular disease,3,4,6–8 which is of impor-

tance because of the continuum from mild to severe 

valvular disease.

No uniform definition of valvular disease exists, since 

the clinical relevance of these conditions depends more 

on the severity of valve dysfunction than on anatomi-

cal impairment. Therefore, analysis of epidemiological 

data in this field should take into account the sever-

ity of the valvular disease. In addition, the etiologies 
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EURO HEARTH SURVEY: aortic stenosis in 8th decade

The patients’ age is increasing



28

Also mortality for AVR is significantly decresing with 
time

M Brown, J. et al. Isolated aortic valve replacement in North America comprising 108,687 patients in 10 years: Changes in risks, valve types, and outcomes in the Society of 

Thoracic Surgeons National Database. The Journal of Thoracic and Cardiovascular Surgery 137, 82–90 (2009).

Mortality is decreasing



Two aspects are going under debate in our comunity

29

Choise of the prosthesis

Choise of the approach

«Gold standard»



mechanical or biologic prostheses?

4253 pts9800 pts

administrative data base clinical data base



The choise of prostheses is determined by balancing the risks of anticoagulation
and reoperation

• Data from (surgery of) the past don’t confirm
the superiority of mechanical prosthesis in fifth
or sixth decades

Nowadays the «biologic choise» is preferred by 
patients and followed by physicians. 
• High durability expected of new prostheses
• TAVI «valve in valve»
• Physical activity in middleage



sAVR: a changing scenario

More than 200,000 surgical aortic valve
replacements (SAVRs) are performed yearly
worldwide .

This treatment has significantly evolved over the
last 15 years, with a considerable increase in the
use of aortic bioprostheses relative to mechanical
prostheses.

This trend may be explained:
• the aging target population,
• the quest to avoid systemic anticoagulation

treatment
• the improved hemodynamic performance of

aortic bio prostheses

M Brown, J. et al. Isolated aortic valve replacement in North America comprising 108,687 patients in 10 years: Changes in risks, valve types, and outcomes in the Society of 

Thoracic Surgeons National Database. The Journal of Thoracic and Cardiovascular Surgery 137, 82–90 (2009).
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«2014 the ACC/AHA guideline: a mechanical prosthesis is reasonable for VR in patients <60y»



2010-2016

2871 

Aortic valve replacement (isolated or not)

375 

mechanical

13%

2496  

biologic

87%

Our team experience
Real world



total

n° 2871

biologic

n° 2496

mechanical

n° 375

age ≤ 65 568 (20%) 333 (13%)

(58,62%)

235 (63%)

age ≤ 60 347 (12%) 164 (7%)

(47,26%)

183 (49%)

“per AGE”

333 BIOPROST. / 568 PTS. < 65 years (58,62%)

164 BIOPROST. / 347 PTS. < 60 years (47,26%)

18   BIOPROST. /  5 PTS. < 40 years (34,61%)

Real world



Valves à la carte

Can we match our patients’ needs?

Rodriguez-Gabella, T. et al. Aortic Bioprosthetic Valve Durability. JAC 70, 1013–1028 (2017).
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What should a cardiac surgeon
keep in mind

during the first surgical aortic valve replacement

• Avoid PPM, implanting an adequate size

• Do not prefer that certain prosthesis with leaflets outside the stent

• Insert markers for fluoroscopy

• Use the mini approaches

• Suture the pericardium

• Adopt a synthetic hydrogel

for ViV

for redo
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Our corrent social model makes a cult of youth







Mitral Valve Surgery Aortic Valve Surgery

Conventional and minimally invasive incisions

41



• skin incision (~ 6 cm)

• partial sternotomy (II°-III° space)

• central cannulation (aorta – right atrium)

• LVvent in right superior pulmonary vein

• antegrade cardioplegia in aortic root

Upper “J” mini-sternotomy

42
2003



Right Minithoracotomy vs Full Sternotomy

43
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Mini-Thoracotomy Aortic Valve Replacement

2010



PATIENT 

POSITIONING

Mini-Thoracotomy Aortic Valve Replacement

48
2010



PERICARDIAL 

STITCHES

49
2010

Mini-Thoracotomy Aortic Valve Replacement



AORTIC PURSE 

STRINGS

50
2010

Mini-Thoracotomy Aortic Valve Replacement



RIGHT ATRIUM 

SUPERIOR

PULMONARY

VEIN

51
2010

Mini-Thoracotomy Aortic Valve Replacement



AORTIC 

CANNULATION

AORTIC 

CANNULATION

52
2010

Mini-Thoracotomy Aortic Valve Replacement



RIGHT ATRIUM 

CANNULATION

53
2010

Mini-Thoracotomy Aortic Valve Replacement



AORTIC CROSS 

CLAMPING

54
2010

Mini-Thoracotomy Aortic Valve Replacement



DISEASED 

VALVE 

REMOVING

55
2010

Mini-Thoracotomy Aortic Valve Replacement



PROSTHESIS 

IMPLANTATION

56
2010

Mini-Thoracotomy Aortic Valve Replacement



FINAL RESULT

57
2010

Mini-Thoracotomy Aortic Valve Replacement



Perceval

58
2016



1. RIB AVULSION
2. RIMA DAMAGE
3. LONG CPB and ACC TIME
4. EXCLUSION CRITERIA
5. PREOP CTscan NEEDED
6. PERIPHERAL CANNULATION
7. LOW “REPRODUCIBILITY”
8. PROSTHESIS UNDERSIZING

RAT - Critiques to the technique…

How we can make it accessible for everyone
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Great number – great outcome

Few devices

Few contraindications

NO INTERNAL TEAM COMPETITION

ASSISTANTS MUST «START» FROM THIS APPROACH

How we can make it accessible for everyone



Ann Thorac Surg. 2015 

Mar;99(3):826-30
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Ann Thorac Surg. 2018 Dec;106(6):1782-1788..
Full Sternotomy, Hemisternotomy, and Minithoracotomy for Aortic Valve Surgery: Is There a Difference?
Mikus E1, Calvi S2, Campo G3, Pavasini R3, Paris M4, Raviola E2, Panzavolta M2, Tripodi A2, Ferrari R5, Del Giglio M4.

https://www.ncbi.nlm.nih.gov/pubmed/30179623
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mikus%20E%5bAuthor%5d&cauthor=true&cauthor_uid=30179623
https://www.ncbi.nlm.nih.gov/pubmed/?term=Calvi%20S%5bAuthor%5d&cauthor=true&cauthor_uid=30179623
https://www.ncbi.nlm.nih.gov/pubmed/?term=Campo%20G%5bAuthor%5d&cauthor=true&cauthor_uid=30179623
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pavasini%20R%5bAuthor%5d&cauthor=true&cauthor_uid=30179623
https://www.ncbi.nlm.nih.gov/pubmed/?term=Paris%20M%5bAuthor%5d&cauthor=true&cauthor_uid=30179623
https://www.ncbi.nlm.nih.gov/pubmed/?term=Raviola%20E%5bAuthor%5d&cauthor=true&cauthor_uid=30179623
https://www.ncbi.nlm.nih.gov/pubmed/?term=Panzavolta%20M%5bAuthor%5d&cauthor=true&cauthor_uid=30179623
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tripodi%20A%5bAuthor%5d&cauthor=true&cauthor_uid=30179623
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferrari%20R%5bAuthor%5d&cauthor=true&cauthor_uid=30179623
https://www.ncbi.nlm.nih.gov/pubmed/?term=Del%20Giglio%20M%5bAuthor%5d&cauthor=true&cauthor_uid=30179623


Number of patients 1020 consecutive

Gender (males) 563 (55.2%)

Median age 73.9 ± 12  (range 16-93)

CPB Time (median) 51.0 ± 21.2 min

Clampage 38.7 ± 17.4 min

Sole absolute contraindication to the approach:

left pneumectomy

Right Minithoracotomy

Our team experience 02/2010 – 12/2018

63



Mean size 23,9 ± 1.7

Biological prosthesis

in 95.6% of patients

Right Minithoracotomy

Our team experience 02/2010 – 12/2018

size pts

19 5

21 101

23 410

25 432

27 72

64



• MORTALITY: 13 pts (1.3%)

• Bleeding coming mainly from chest wall requiring reoperation in

2.5% of the cases without sequelae

• surgical site or systemic infections: occasional

• Paravalvular leaks: occasional

Right Minithoracotomy

Our team experience 02/2010 – 12/2018

65



Cotignola
Bologna
Firenze
Rapallo
Torino
Brescia
Milano
Napoli
Roma
Lecce

Moscow
Almetevsk
Hannover
Tokyo
Paris
Beirut
Dammam
Shanghay
Delhi
L’Habana

First option for AVR during the last 9 years

Redo procedure in the last 5 years

Performed in several town

In our team this is the new gold standard



OUR FIRST EXPERIENCE with

FAST IMPLANT PROGRAM
>= 80 y

82 patients

Age: 83.1
Extracorporeal circulation: 33.1 min

Cross clamping time: 16.7 min
VAM: 8.6 hours

Atrial Fibrillation: 11.9%
Pacemaker implantation: 2,7%

SUTURELESS and MINI-THORACOTOMY

PERCEVAL - Old Patients 2016-2018RAT - Our team experience



Agenda
Introduction

Aortic valve

Aorta

Mitral valve

Coronary disease

Some data - Our team experience 



• Familial Thoracic aorta aneurysms and
dissections (TAADs) syndromes are autosomal
dominant (probability of early diagnosis is at
least 50%)

• Genetic screening to identify familily members
who are at risk

• In recents study more than 90% of pts have early
osteoarthritis

• Association with saccular intracranial aneurysm

TAADs Syndromes



Risk of aortic dissection

• Aortic diameters

• Disease gene and mutation

• Family history of dissection

• Rate of progression of the aneurysm

• Cardiac risk factors (hypertension…)













J Am Coll Cardiol. 2012 Jul 31;60(5):404-7. Epub 2012 May 23.

Extra-aortic identifiers to guide genetic testing in familial thoracic aortic 

aneurysms and dissections syndromes: it is all about the company one keeps.

Arbustini E., Narula N.

http://www.gvmnet.it/it




More than 

18 

Syndromes



Marfan Syndrome

GHENT CRITERIA



Marfan Syndrome



• Tortuous lesions of systemic arteries (aortic

aneurysm in 98% of patients)

• Compare to Marfan patients are younger and

arterial dissection occurs with smaller vascular

diameter

• Diagnosis made by gene analysis

Loeys-Dietz Syndrome



• Easy bleeding, dissection 

or rupture of large and 

small arteries because of 

severe tissue frialty

• Gastrointestinal 

perforation and organ 

rupture

• Delayed wound healing

Ehlers-Danlos Syndrome







La chirurgia negli aneurismi aortici:   differenti approcci per differenti patologie

DAVID

BENTALL

WHEAT



Surgical Treatment



“replacement” (BENTALL)

TUBO VALVOLATO 

MECCANICO

TUBO VALVOLATO 

BIOLOGICO

Protesi stented



Valve Sparing Operation
Introduced by

T E David in 1992

Introduced by 

El Khoury in 2005



DAVID I

DAVID II

DAVID III

DAVID V

Valve-sparing Operations

David TE, 1992 JTCS

DAVID IV



Valve-sparing operation 
Reimplantation (David I, 1992)



Valve-sparing operation 
Remodeling – David II

(Yacoub, 1979) 



GETINGE CARDIOROOT

One-piece designed prosthesis



Concepts of aortic valve surgical repair

lesion dysfunction

Lesion 

correction

dysfunction 

correction

a logic connection



dysfunction

I a

lesion

STJ dilatation

surgery

David IV



disfunction lesion surgery

I b Sinuses Aneurism David II



Mitral Valve Surgery Aortic Valve Surgery

Conventional and minimally invasive 

incisions



1141 Medline articles

186 Cochrane articles

514 CINAHL database articles

50 articles with the following cases:

*Tabata: 79

*Byrne: 44

*Perrotta: 40 (Bentall)

*Sun: 16

*Svensson: 69 + 54

• Surgery of the aortic root via mini-sternotomy is SAFE, however there are

not enough studies comparing minimally invasive access and conventional

sternotomy

• Few reports in literature on ROOT REMODELING or REIMPLANTATION

through mini-sternotomy

AORTIC ROOT MINI-STERNOTOMY



AORTIC ROOT MINI-STERNOTOMY
2010 - 2017

• Upper J sternal incision

• total central cannulation

• trancutaneous clamping





AORTIC ROOT REIMPLANTATION (DAVID I)
via MINI-STERNOTOMY

2010
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Each patient with TAADs of unknown cause should be 
potentially affected by other syndromes (es
aneurysm-osteoarthritis): the simple clinical 

evaluation may reinforce the clinical suspicion and

ADDRESSES GENETIC TESTING

CONCLUSIONS



Relatives should undergo clinical screening.

When the causative mutation is identified, 
cascade GENETIC TESTING IS INDICATED IN 

FAMILIES

CONCLUSIONS



(although waiting for evidence-based data) 
the transforming growth factor (TGF) 

antagonists could be useful for delaying the 
progression of aortic dilatation:

ANGIOTENSIN RECEPTOR BLOCKERS

CONCLUSIONS



CONCLUSIONS

Our data confirms that
MIC is a safe alternative
for patients requiring
isolated aortic valve
replacement or aortic
root surgery



THORACOSCOPY



107



1982 –THE BIRTH OF THE ELEPHANT TRUNK

✓ The problem: 2 patients with mega-aorta 
syndrome

✓ Solution: “Decided to replace the aortic arch 

with a long graft, whose free ‘‘elephant trunk’’
extension was to be suspended freely in the distal 
aorta”

Reflections of Borst

H. BORST

1 st stage 2 nd stage



Elephant Trunk Technique
2nd stage

During the 2° stage it avoids hazardous 

dissection of the distal aortic arch and 

facilitates the prosthesis-to-prosthesis  

anastomosis



Elephant Trunk Technique2nd stage

endovascular



A development of the classic elephant trunk

technique is the combination of an endovascular

stent graft with a conventional surgical graft for

hybrid procedures of the entire thoracic aorta.

This new option was termed:

Frozen elephant trunk

Kark M,Haverich A, et al. The frozen 

elephant trunk technique: a new treatment for 

thoracic aortic aneurysms. J Thorac 

Cardiovasc Surg 2003; 125:1550-3



THE TRUNK EVOLUTION

Birth of ET

1992 
ET modified 
distal suture

Crawford-
Svensson

2004
Branched ET

Neri

1982

Today

2007
FET Hybrid graft 2012

Branched FET

2003
Birth of FET

Chavan-Haverich 



Surgical technique/strategy

Aortic anatomy assessment

Key-points

Organ  
protection

Myocardial

Cerebral

Visceral



DEBRANCHING
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DEBRANCHING
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HYBRID OR



HYBRID OR



SURGICAL THEATRE



INTERVENTIONAL THEATRE



Hybrid Suite 

DES PCI 

ICU 

LIMA on LAD 



“Single team 

experience”
• From January 2010 to January 2017

1138 patients underwent thoracic aorta surgery

• Mean age 65.7±12.2 yy  

• 807 (70.9%) male



“Single team experience”

Extent of aortic arch replacement N 118 (%)

Ascending + aortic arch 69 (58.5%)

Isolated aortic arch                    23 (19.5%)

Bentall + aortic arch/hemiarch 22 (18.6%) 

David + aortic arch/hemiarch 4 (3.4%)



“Single team experience”

Other

Ascending aorta 583 

Bentall 321 

David 126 



Surgical Experience 2010-2015

Aortic Arch and Emiarch procedure: n°105

- Age 67.1±10.1

- CPB time 198.54 ± 82.07

- Clamp time 124.55 ± 56.8

- Hospital Mortality  11/75(4.6%)

Ascending aorta replacement: n°436

- Age 64.9 ±10.9

- CPB time 110.02 ± 49.9.6

- Clamp time 82.75 ± 28.81

Aortic dissection: n°154

- Age 63.3± 12.9

- Redo 12/141 (8.5%)

- CPB time 114 (IQR 88-146)

- Clamp time 87 (IQR 63-111)

- Hospital Mortality  7%

Mini-aortic root replacement:

n°106



Bentall Procedure n°270

Mini-Bentall procedure: n°58

- Age 61.55 ± 13.66

- Redo 0%

- CPB time 95.46 ± 35.37

- Clamp time 81.21±30.14

- Hospital Mortality 0%

Elective Bentall procedure: n°218

- Age 63.24 ± 12.5

- Redo 29/218 (13.3%)

- CPB time 117.2±54.2

- Clamp time 95.17 ± 38.3

- Hospital Mortality 10/218 (4.59%)

http://www.brusselsheartcenter.be/images/surgery/valvular/06.zoom.png


David Procedure n°113
Mini-David procedure: n°48

- Age 49.1±14.4

- CPB time149.3±33.1

- Clamp time 130.8±22.7

- Hospital Mortality 2/37  (5.4%)

David procedure: n°65

- Age 54.2 ± 14.8

- CPB time 156.9±50.2

- Clamp time 134.5±32.6

- Hospital Mortality  2/65 (3.%)



DEBRANCHING

Number of Patients 21

Mortality
30 days

In-hospital

(1pt)

4,7 %

4,7%

Permanent neurol. events
Cerebral

Spinal cord
0 %

0 %



Agenda
Introduction
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Mitral surgery:  keeping up with a tradition



SURGICAL ANATOMY, FISIOPATHOLOGY

and APPROACH



Right trigon
Left trigon

Commissure CommissureA 3

A 2

A 1

ppm apm

SURGICAL ANATOMY



- Left atrium

- Annulus

- Leaflets

- Chordae

- Papillary muscles

- Left ventricle

ANATOMIC-FUNCTIONAL UNIT

A 1

A 2

A 3

P 1

P 2

P 3
apm

Anterior leaflet

Posterior leaflet

ppm

Nc
Rc

Lc

SURGICAL ANATOMY



Coaptation factors:

- Extension and quality of leaflets

- Chordae integrity

- Papillary muscles function

- Left ventricle structure

Coaptation



Type I:

Normal leaflets 

movement

Type II:

Excessive leaflets 

dislocation

Type III:

Restrictive

movement

FISIOPATHOLOGY

CARPENTIER CLASSIFICATION



1) Valve analysis

2) Identification of the valve lesions

3) Choice of the right technique

4) Ensure the coaptation

5) Check the final result

SURGEON DECISION MAKING…



- REPAIR TECHNIQUES

- VALVE REPLACEMENT

MECHANICAL

BIOLOGICAL

SURGICAL OPTIONS



REPLACEMENT

REPAIR

➢ Excellent MR reduction

➢ Faster 

➢ Requires less training

➢ Bioprostheses: limited longevity

➢ Mechanical: anticoagulation

➢ Maintains LV geometry

➢ Improved patient survival

➢ No anticoagulation

➢ Reduced risk of thrombo-

embolism, endocarditis 

SURGICAL OPTIONS



VALVE REPLACEMENT

BIOLOGICAL v/s MECHANICAL



➢ Anatomical REPAIR (70%)

▪ Annulus

▪ Leaflets

▪ Chordae

▪ Papillary muscles

➢ Functional REPAIR (30%)

▪ Ischemic (20%)

▪ Non-ischemic (10%)

REPAIR TECHNIQUES



ANNULUS

- Annulus dilatation

- Annulus stabilization

Open ring

Closed ring

(> in functional 

MR)

Prosthetic or 

pericardial ring



LEAFLETS

- mono- or bi-leaflet prolapse
Quadrangular or 

triangular resection

QUADRANGULAR resection:

- If large prolapse is present

- Not for anterior leaflet

- Risk of SAM

TRIANGULAR resection:

- Only for small prolapse

- Also for anterior leaflet

- less risk of SAM

- « valve-sparing »

v/s



LEAFLETS

- Large quadrangular resection

- Marked annulus dilatation

- High risk of SAM

SLIDING and/or FOLDING

Of the posterior leaflet



LEAFLETS

- Large bi-leaflet prolapse

- Barlow disease (floppy valve)

- Risk of (or correction of) SAM

EDGE-TO-EDGE

(ALFIERI STITCH)



CHORDAE

- Chordal rupture

- Chordae elongation

QUADRANGULAR or 

TRIANGULAR 

RESECTION



CHORDAE

Chordal transpositioning

POSTERIOR -> ANTERIOR
- Anterior or bi-leaflet 

prolapse

http://www.ctsnet.org/graphics/experts/AC/5729_MVR/fig11.jpg


CHORDAE

Artificial chordae

(PTFE)

- Leaflet prolapse

- Chordae rupture

- Elongation/shortening

- Chordae degeneration

- Barlow

- .....

http://www.ctsnet.org/graphics/experts/AC/5729_MVR/fig9.jpg
http://www.ctsnet.org/graphics/experts/AC/5729_MVR/fig10.jpg


REPAIR v/s REPLACEMENT
✓ Limited survival after operation

✓ Long term survival and results are better with 

REPAIR, in patients with functional MV 

regurgitation at low risk

✓ but… REPAIR is associated with HIGH RISK OF 

RELAPSE!

✓ REPAIR = less morbidity and mortality than 

REPLACEMENT in patients with non-ischemic MR

FUNCTIONAL MITRAL REGURGITATION



✓ Advanced techniques (eg. chordal-cutting?) could 

favour repair

✓ REPLACEMENT recommended in case of:

✓ ACUTE functional MR (almost always ischemic)

✓ High risk patients

✓ Severe leaflets tethering

✓ If REPLACEMENT: better a biological prosthesis, 

with preservation of the sub-valvular apparatus

REPAIR v/s REPLACEMENT

FUNCTIONAL MITRAL REGURGITATION



REPAIR: treatment of choice

Undersized annuloplasty Papillary muscles sling+

FUNCTIONAL MITRAL REGURGITATION



• 10% of patients with CAD

• Ischemic cardiomiopathy cause 70% of heart failures 
in U.S., and 50% are associated with MITRAL 
REGURGITATION

• 1.6-2.8 millions U.S. people

• Associated with low long term survival in post-MI 
and post-revascularization patients

FUNCTIONAL MITRAL REGURGITATION



DILATED CARDIOMIOPATHY
Mechanisms of mitral regurgitation

• Reduction of the closure forces of leaflets caused by 

lowered left ventricle ejection fraction

• Increased tethering forces caused by left ventricular 

remodeling with papillary muscles dislocation

• Annulus dilatation caused by left ventricle dilatation

NON-ISCHEMIC FUNCTIONAL MITRAL REGURGITATION



• Mitral repair is a valid option in selected patients with 

dilative cardiomiopathy

• Mitral repair is not alternative to heart transplant

• Selection criteria must be yet identified

DILATED CARDIOMIOPATHY

Mitral surgery

NON-ISCHEMIC FUNCTIONAL MITRAL REGURGITATION



• REPAIR is preferable to REPLACEMENT

• REPAIR through correction of leaflets

tethering

• REPAIR through increase of leaflets

coaptation

DILATED CARDIOMIOPATHY

Surgical strategy

NON-ISCHEMIC FUNCTIONAL MITRAL REGURGITATION



MINIMALLY INVASIVE MITRAL VALVE SURGERY
A PRACTICAL APPROACH



MINIMALLY INVASIVE MITRAL SURGERY

LITERATURE REVIEW



Right minithoracotomy

4°-5°intercostal space

MARIA CECILIA HOSPITAL experience 2010-2016



MARIA CECILIA HOSPITAL experience 2010-2016

EASY and REPRODUCIBLE TECHNIQUE
Aortic central

cannulation

Venous peripheral

percutaneous cannulation

Transcutaneous

aortic cross

clamping



OPERATING THEATRE



Mitral valve Repair or Replacement

1682

818 Isolated repair or 

replacement
864 Not Isolated Repair

or replacement

1444 Mitral regurgitation

Degenerative (81.1%)

Ischemic - Functional (3.88%)

Rheumatic (9.56%)

Other cause (5.46%) (endocarditis, prosthesis malfunctioning/degeneration, other)

MARIA CECILIA HOSPITAL experience 2010-2016



MARIA CECILIA HOSPITAL experience

Mitral Regurgitation

1444

2010-2016

952 Repair 492 Replacement

321

BIOLOGICAL

171

MECHANICAL

378 Right 

minithoracotomy
574

Full sternotomy
116 Right 

minithoracotomy

376

Full sternotomy

494 Right minithoracotomy

60% of ISOLATED MITRAL PROCEDURES



494 pts (60.32% males)

Median age 64 ys     - Median EF% 65

REDO: 2.63%

Mean CPB time: 95.08 ± 34.97 min

Mean ACC time: 76.53 ± 27.45 min

Median ICU stay: 1.8 days (43 hours)

Mean hospital stay: 8.39 days

Revision for bleeding: 19 pts (3.85%)

Mortality: 8 pts (1.62%)

MARIA CECILIA HOSPITAL experience 2010-2016

Repair: 378 pts

Replacement: 116 pts

Right minithoracotomy



361 prosthetic ring (95.5%)

Quadrangular resection: 43 (11.38%)

Triangular resection: 140 (37.04%)

Sliding or folding: 23 (6,08%)

Cleft obliteration: 93 (24.6%)

Neochordae in Gore-tex: 74 (19.58%)

Edge-to-edge: 93 (24.6%)

MARIA CECILIA HOSPITAL experience 2010-2016

REPAIR techniques

in mini-thoracotomy

378 patients



- Easy feasible technique – reproducible

- Feasible with or without thoracoscopic support

- Feasible also in REDO patients

- Allows every kind of technique repair (also complex)

- Low surgical time
(at least comparable with full sternotomy

CPB 95.07 vs 96.42 min – ACC 76.53 vs 77.65 min)

- Less morbidity
reduced need for reoperation for bleeding (3.85% vs 6.13%)

lower surgical site infections (0.2% vs 1.12%)

shorter ICU (1.8 vs 2 days) and hospital stay (8.39 vs 11.02 days)

less pain and faster return to preoperative function

- Equivalent outcomes (better in selected patients)

Advantages

MARIA CECILIA HOSPITAL experience 2010-2016
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Minimally invasive Hybrid coronary revascularization: 

initial experience at Cotignola



Fully endovascular

Fully surgical

Hybrid solutions

From clinical evaluation to treatment multy-
modalities



Options for myocardial revascularization

STANDARD CABG

Cardiopulmonary bypass + aortic cross clamp

OPCAB – OFF-PUMP CABG

MICS CABG – MINIMALLY INVASIVE CABG

Totally arterial CABG

HYBRID REVASCULARIZATION:

SURGERY + PCI (online or staged)





-LIMA to LAD (patency > 90% 10y)

survival advantage

-CABG better than DES with more 

extensive disease 

(SYNTAX Score > 32)

-Relatively high risky procedure

-Morbidity of full sternotomy

-Saphenous vein grafts early and 

late attrition (50% occluded 10y) 

-Extracorporeal circulation 

-Less invasive intervention

-DES better than SVG

-Reduced hospital stay

-More rapid in acute settings

-Inability in highly complex lesions

-Recurrent stenosis

-Need for repeat revascularization

-Contrast induced nephropaty



ACC/AHA GUIDELINES

1 – Heart team approach for patients with 

unprotected left main or complex coronary 

disease (class I)

2 – HCR is reasonable in patients with one or 

more of the following conditions:

•Calcified proximal aorta 

•Poor targets for surgery amenable to pci

•Lack of conduits for grafting

•Unfavorable left anterior descendig anatomy 

for percutaneous intervention such as chronic 

total occlusion

(class IIa)



LITERATURE



LITERATURE



LITERATURE



LITERATURE



2015



Preferred management strategy



Multivessel CAD 
involving the LAD  

Intermediate or high SYNTAX score, Left main 
CAD, Diabetes, Depressed LV function, Renal 
Dysfunction, PCI not feasible

PCI  

YES

NO

Is MID LIMA to LAD an (best) option?
Are non-LAD lesions amenable to PCI?

NO

Consider Hybrid 
Revascularization  

K.D. Green, et al.
Curr Cardiol Rep (2013) 15:351

CABG  

YES

A proposed Algorithm



La Rivascolarizzazione Chirurgica 
nel Paziente con Anatomia Coronarica 

Complessa



CORONAROPATIA “ANATOMICAMENTE COMPLESSA”

1. NUMERO DEI VASI COINVOLTI

2. TIPOLOGIA DELLE LESIONI 

3.LORO LOCALIZZAZIONE  



SCORE ANGIOGRAFICO !!!



✓ LESIONI DI TIPO DIVERSO POSSONO COESISTERE NELLO STESSO PAZIENTE O 
SULLA STESSA ARTERIA

✓ IL POTENZIALE EVOUTIVO DI OGNI LESIONE E’ DIFFICILE DA INTERPRETARE

LA REALTA’ E’ QUASI SEMPRE 
MOLTO PIU’ DIFFICILE 

✓PLURIVASALE NON SEMPRE SIGNIFICA  
COMPLESSO E MONOVASALE NON 
SEMPRE SEMPLICE 





QUANDO LE LESIONI SONO TALMENTE   
COMPLESSE DA FAR CONSIDERARE IL 

PAZIENTE “INOPERABILE” ?



DA COMPLESSO A “INOPERABILE”

CHE COSA  RENDE “INOPERABILE” ?

UNA SITUAZIONE ANATOMICA CHE NON PERMETTE 
L’ESECUZIONE DI UN BYPASS A BENEFICIO DELL’IVA 
IN PRESENZA DI MIOCARDIO ISCHEMICO E VITALE

• VASI “ESILI” 
• STENOSI MULTIPLE  O DIFFUSE
• CALCIFICAZIONI DIFFUSE
• OCCLUSIONI COMPLETE SENZA VISUALIZZAZIONE 

DEL LETTO A VALLE 



DA COMPLESSO A “INOPERABILE”

CHI LO DECRETA “INOPERABILE” ?

DIFFICILE RESPONSABILITA’ DEL CARDIOCHIRURGO



PAZIENTE INOPERABILE

DEFINIRE UN PAZIENTE “ANATOMICAMENTE 
INOPERABILE” SIGNIFICA EMETTERE UNA SENTENZA 
CHE LO ESPONE AD UN MAGGIOR RISCHIO DI EVENTI 

SUCCESSIVI

• PER EVOLUZIONE DELLA MALATTIA

• PER LA MESSA IN OPERA DI PROCEDURE POCO   
EFFICACI,  INUTILI O DANNOSE (PER COMPLICAZIONI 
PROPRIE O PER AUMENTO DEL RISCHIO  NEL CASO DI 
UNA SUCCESSIVA RICOSTRUZIONE CHIRURGICA)



Quale Strategia adottare nella 
coronaropatia complessa?

LA STRATEGIA DIPENDE 
DALL’OBBIETTIVO PREFISSATO 

!



10.2.1 Coronary vessel

…….. Diffuse CAD is often seen in the presence of

insulin-treated diabetes, long-standing and untreated hypertension,

PAD, and CKD.

Different technical approaches have been applied to vessels with

diffuse pathology such as very long anastomoses, patch reconstruction

of the vessel roof with or without grafting to this roof, coronary

endarterectomy, and multiple anastomoses on the same vessel,

with no evidence of superiority of any one.

ESC/EACTS GUIDELINES

European Heart Journal (2010) 31, 2501–2555

doi:10.1093/eurheartj/ehq277



✓OGNUNO  VORREBBE ESSERE TRATTATO NEL MODO 
MENO INVASIVO POSSIBILE

✓ MA  OGNUNO  VORREBBE «GUARIRE»

RICHIESTE E NECESSITA’



LA RICOSTRUZIONE CORONARICA



INTERVENTO CHIRURGICO CODIFICATO 
INDICATO IN FORME PARTICOLARI DI 

MALATTIA CORONARICA NATURALE O 
IATROGENA, CARATTERIZZATO DALLA 

RIMOZIONE DEI MATERIALI PATOLOGICI E 
LA SOSTITUZIONE DI PARTE DELLA PARETE 

CORONARICA NATIVA MEDIANTE UN 
PATCH ENDOTELIALE DI ARTERIA 

MAMMARIA



INTERVENTO RESO POSSIBILE DALLA 
STRATEGIA DI UTILIZZO ESTENSIVO DELLE 
DUE ARTERIE MAMMARIE DI CUI E’ UNA 

EVOLUZIONE
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INDICAZIONI ALLA RICOSTRUZIONE 
CORONARICA

1.MALATTIA DIFFUSA D.A , ANCHE CALCIFICA O IN 
FORMA OCCLUSIVA, NON O MAL RIVASCOLARIZZABILE 
MEDIANTE PCI O CABG

2.MALATTIA D.A. PROSSIMALE  COINVOLGENTE L’OSTIO DI S1 e 
D1

3.PRESENZA DI STENTS STENOSANTI DELLA D.A.

4.PRESENZA DI STENTS PERVII MA OSTRUENTI COLLATERALI 



CONTROINDICAZIONI ALLA 
RICOSTRUZIONE CORONARICA

• AMI NON DISPONIBILI PER IL PATCH ENDOTELIALE E/O 
PER IL BYPASS DI PROTEZIONE SUL PATCH

• RICOSTRUZIONE ESTESA DI C.D. O CX , SE D.A. DEVE 
ESSERE RICOSTRUITA

• ASSENZA DI VITALITÀ RESIDUA IN TERRITORIO 
ESTESAMENTE NECROTICO 



2009-2014

450 PZ. sottoposti a RICOSTRUZIONE:

>80% estese al tratto prossimale di IVA

MORTALITA PERI-OPERATORIA RIC. ISOLATE (ESCLUSI REDO)

1.33%

GEORGES POPOFF - Firenze





10 ANNI POST OP



LA RICOSTRUZIONE CORONARICA PUO’ ESSERE 
VISTA COME LA TERZA VIA DI

RIVASCOLARIZZAZIONE  ED ESSERE PROPOSTA 
AD UNA POPOLAZIONE  DI PAZIENTI 

POTENZIALMENTE NUMEROSA ALTRIMENTI 
NON O MAL RIVASCOLARIZZABILE

CONCLUSIONI
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• Attenersi alle linee guida

• Anticipare l’indicazione solo per evidenti dati clinici e con chirurghi di alto 
volume

• Prediligere gli interventi radicali e curativi

• Considerare le nuove protesi biologiche

• Considerare gli approcci meno invasivi



Thank you


