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Due to the increase in average life expectancy and the higher incidence of cardiovascular disease with advancing age, more elderly
patients present for cardiac surgery nowadays. Advances in pre- and postoperative care have led to the possibility that an increasing
number of elderly patients can be operated on safely and with a satisfactory outcome. Currently, coronary artery bypass surgery,
aortic and mitral valve surgery, and major surgery of the aorta are performed in elderly patients. The data available show that most
cardiac surgical procedures can be performed in elderly patients with a satisfactory outcome.Nevertheless, the risk for these patients
is only acceptable in the absence of comorbidities. In particular, renal dysfunction, cerebrovascular disease, and poor clinical state
are associated with a worse outcome in elderly patients. Careful patient selection, flawless surgery, meticulous hemostasis, perfect
anesthesia, and adequate myocardial protection are basic requirements for the success of cardiac surgery in elderly patients. The
care of elderly cardiac surgical patients can be improved only through the strict collaboration of geriatricians, anesthesiologists,
cardiologists, and cardiac surgeons, in order to obtain a tailored treatment for each individual patient.

1. Introduction

Developments in myocardial protection, surgical technique,
extracorporeal circulation, and anesthesiological manage-
ment have led to reduced mortality and morbidity rates in
cardiac surgery through the 1990s and early 2000s [1, 2].
Moreover, it is well demonstrated that the median age of
global and industrialized countries populations is increasing.
Thirteen million US citizens are currently over the age of 75,
and this number is rapidly increasing over the next 50 years
[3].

Another important issue is that approximately 25% of the
population over 75 years suffers from symptoms of cardiovas-
cular diseases [4]; the contemporary aging of society is conse-
quently leading to an increasing proportion of elderly patients
who are potential candidates for cardiac surgery. In Germany,

it has well documented that the average age of cardiac
surgical patients increased from 1990 to 2007 from 55.8 years
to 68.8 years and that the proportion of octogenarians is
9.8% [5]. Although there is evidence suggesting improved
quality of life in elderly patients who have undergone cardiac
surgery [6, 7], a correlation between age and morbidity and
mortality risk has been well established [8]. Nevertheless,
among patients undergoing cardiac surgery, the trend over
time demonstrates an increase in case complexity. In the field
of coronary artery disease, elderly patients benefit from sur-
gical revascularization (CABG)more than from conservative
treatment [9]. However, the developments in percutaneous
coronary interventions (PCI) have resulted in a marked drop
in potential candidates for isolated CABG [10] and in a shift
in referrals for cardiac surgery away from isolated CABG and
towards more complex interventions, sometimes in very old
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and frail patients. These high-risk patients usually require
prolonged ICU stays and are at increased risk for mortality,
major morbidity, and prolonged institutional care [11, 12].

An open question concerns the influence of the bio-
logical aging process on the operative risk, regardless of
the type of surgery performed. It can be assumed that
chronological age is a risk factor for morbidity and mortality
after cardiac surgery, although the number and severity of
comorbidities that usually increase with chronological age
are important additional factors for the perioperative and
long-term prognosis of these high-risk patients. This aging
surgical population, not unexpectedly, has a relatively greater
prevalence of cerebrovascular disease, left ventricular dys-
function, diabetes mellitus, chronic obstructive pulmonary
disease, renal impairment, and peripheral arterial disease.

This is the reason why the early identification of systemic
and cardiovascular comorbidities appear mandatory for the
preoperative risk stratification of the elderly candidates to
cardiac surgery.

The purpose of this review was to give an outlook on
recent developments in cardiac surgery, with the aim of
contribution to the decisionmaking and risk reduction in the
treatment of elderly patients.

2. Age-Related Cardiovascular Changes

Age-related changes occur both in the heart and in small
and large vessels, leading to reduced physiological reserves.
Most patients show no signs of impaired hemodynamic per-
formance at rest, but surgical and anesthesiological stresses
can make their limited cardiac reserve evident [13].

2.1. Systemic Vasculature. Aging affects various aspects of
vascular morphology and function. The large arteries dilate,
and their walls thicken, particularly due to wall matrix
changes, increase in elastolytic and collagenolytic activity,
and in smooth muscle tone. These modifications lead to
increase in vascular stiffness with advancing age [14–16].

In turn, increased vascular stiffness is the main cause of
consequent elevated systolic arterial pressure and pulse-wave
velocity and early reflected pulse pressure waves and late peak
systolic pressure. The final step is the augmentation of aortic
impedance and cardiac mechanical load [14]. In this way,
arterial stiffening triggers a variety of cardiac adjustments.
Some of these adjustments are additional and are similar to
the age-related intrinsic changes in cardiac morphology and
may, therefore, be expected to worsen cardiac performance
[17].

2.2. Heart. It has been demonstrated that aging is associated
with numerous ionic, molecular, and biochemical changes in
the heart [14, 18]. These changes seem to affect protein func-
tion, mitochondrial oxidative phosphorylation, excitation-
contraction coupling, calcium kinetics, myofilament activa-
tion, matrix composition and regeneration, cell growth and
size, and apoptosis process [14]. Age-related modifications in
cardiac morphology are particularly the result of alterations
of intracellular molecular and biochemical pathways. In turn,
many of the changes in cardiac function with older age

develop as a consequence of underlying alterations in mor-
phology. Finally, cardiac aging results in decreased mechan-
ical and contractile efficiency, stiffening of myocardial cells,
mural connective tissue and valves, decreased number of
myocytes, increased myocyte size, increased rate of myocyte
apoptosis, and blunted-adrenoceptor-mediated contractile
and inotropic response [19].

2.3. Coronary Circulation. Aging is associatedwith structural
and functional modifications in the coronary vasculature,
which could affect myocardial perfusion. The gradual age-
related reduction in coronary flow reserve may be a result
of abnormal vasodilator capacity or elevated baseline car-
diac work and myocardial blood flow [17]. The reduced
vasodilator reserve may be the consequence of impaired
endothelium-dependent dilation of large epicardial and resis-
tance coronary vessels [20], decreased basal and stimulated
release of nitric oxide by the coronary endothelium [21],
or increased coronary vasoconstrictor effect of endothelin-
1 (ET-1) [22], whose plasma concentrations increase in the
elderly [23].

2.4. Frailty and Cardiovascular Disease. Chronological age
does not always reflect biological status, which may vary in
degree of frailty.The concept of “frailty” among older patients
with cardiovascular disease has emerged primarily from the
geriatrics literature, where frailty is considered a biological
state characterized by increased vulnerability and decreased
resistance to physiological stresses [24–26]. From a clinical
perspective, frailty is associated with loss of skeletal muscle
mass, weight loss, reduced walking speed, exhaustion, and
reduced activity [24]. Catabolic response to stress is of great
concern in the elderly, because of the limited muscle mass
of many older people before surgery [27]. Hormonal dys-
regulation (decline in anabolic hormones) and postoperative
systemic inflammation, often through a synergistic interac-
tion, play a fundamental role in the pathogenesis of the so-
called geriatric “frailty syndrome” [28]. In recent years, this
concept of frailty has been applied to patients presenting with
acute cardiac illness as well as those undergoing procedural
interventions such as cardiac surgery. Moreover, it has been
previously demonstrated that the assessment of frailty and
disability in patients undergoing cardiac surgery risk might
improve the identification of operative risk [29].

3. Aortic Valve Surgery

Aortic stenosis (AS) is the most common heart valve disease
in Western countries and occurs rather frequently in elderly
patients, since the prevalence of AS is related to age. It has
been shown that elderly patients aging 75 years or older
benefit from aortic valve replacement (AVR) in comparison
to conservatively treated patients, with excellent results [30,
31]. Changes inAVR surgery during the past decade are partly
due to growing evidence that the benefits of AVR extend
to very old patients [32]. Brown et al. focused on aortic
valve replacement without CABG surgery in the society of
thoracic surgeons database and reported operative mortality
decreasing from 3.5% to 2.4% between 1997 and 2006 [33].
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Lee et al. showed that operative mortality for aortic valve
replacement decreased from 5.6% during the years 1993–1997
to 4.4% during the years 2003–2007 [34].There is uncertainty
about the benefit of performing coronary artery bypass graft
(CABG) surgery during AVR in patients with stable coronary
disease, because CABG has been demonstrated to increase
perioperative and 1-year mortality. A recent serial cross-
sectional cohort study showed that the AVR procedure rate
increased by 19 procedures per 100000 person-years over the
12-year period from 1999 to 2011, with an age-, sex-, and race-
adjusted rate increase of 1.6% per year. Thirty-day and 1-year
mortality was 3.5% and 9.9% in isolated AVR versus 5.1% and
12.3% in AVR with concomitant CABG, respectively [35].

Moreover, in the recent literature, there is a growing body
of evidence to consider earlier, preemptive AVR in selected
asymptomatic patients [36]. Despite strong recommenda-
tions that bioprostheses rather thanmechanical valves should
be used for patients aging 65 years or older [37, 38], a recent
large series from USA [35] reported that 23.9% of patients
85 years old and older continued to receive a mechanical
prosthesis in 2011.

However, the decision to operate on elderly patients for
symptomatic AS raises specific problems, particularly related
to the frequent concomitant comorbidities that can worsen
the outcomes of elderly patients suffering from severe aortic
stenosis. The Euro Heart Survey reported that nearly one-
third of patientswith symptomatic severe aortic valve stenosis
and age ≥80 were denied standard of care, namely, AVR,
and main reasons included advanced age and age-related
comorbidities [39]. We recently showed in a large population
of elderly patients who undergone AVR that octogenarians’
survival rate was similar to the expected survival of the age-
and sex-matched regional population and that the clinical
conditions at time of surgery (Canadian cardiovascular soci-
ety class III–IV, preoperative high creatinine levels, extracar-
diac arteriopathy, and peripheral neurological dysfunction)
and not the older age alone emerged as independent risk
factors for decreased 6-year survival [31]. Similar results have
been found by other authors reporting that in these patients
independent predictors of late death included older age,
renal failure, diabetes mellitus, stroke, myocardial infarction,
immunosuppression, prior CABG, implanted pacemaker,
low left ventricular ejection fraction, hypertension, and New
York Heart Association class III or IV [38].

Recently, transcatheter aortic valve implantation (TAVI)
was demonstrated to provide good clinical andhemodynamic
outcomes both in inoperable patients and in high-risk elderly
patients [40], and during the last few years the number of
procedures, as well as performing centers and performing
physicians, has rapidly increased.

A study by Himbert et al. [41] of high-risk patients with
AS showed that either transfemoral or transapical aortic valve
implantation expands the scope of the treatment of AS in
elderly patients and provides satisfactory results in 1 year
in this population. D’Onofrio et al. confirmed recently that
TAVI provides excellent early and 2-year results in terms
of survival, valve-related adverse events, and hemodynamic
performance in a series of 179 patients who underwent

transapical aortic valve implantation in high-risk patients
with severe aortic valve stenosis [42].

However, there is a lack of information on the incidence
and predictors of both early mortality at 30 days and late
mortality. Recently, Tamburino et al. [43] studied a total of
663 consecutive patients (mean age, 81 years) who underwent
TAVI with the third-generation 18-F CoreValve device in
14 centers. Procedural success and intraprocedural mortality
were 98% and 0.9%, respectively. The cumulative incidences
of mortality were 5.4% at 30 days, 12.2% at 6 months, and
15.0% at 1 year. Clinical and hemodynamic benefits observed
acutely after TAVI were sustained at 1 year. Paravalvular
leakages were trace to mild in the majority of cases. Con-
version to open heart surgery, cardiac tamponade, major
access site complications, left ventricular ejection fraction
<40%, prior balloon valvuloplasty, and diabetesmellitus were
independent predictors of mortality at 30 days, whereas
prior stroke, postprocedural paravalvular leak, prior acute
pulmonary edema, and chronic kidney disease were indepen-
dent predictors of mortality between 30 days and 1 year. The
data from this study showed that, while early mortality was
mainly affected by procedural complications, late mortality
was influenced primarily by comorbidities. Importantly, the
logistic EuroSCORE showed a weak discriminative ability in
predicting 30-day and 1-year mortality, highlighting the need
for novel TAVI-specific scores.

4. Coronary Revascularization in the Elderly

Myocardial revascularization procedures are becoming more
common for people aging ≥80 years, partly because of
the favorable outcomes of coronary artery bypass grafting
(CABG) and percutaneous coronary interventions (PCI)
[44]. CABG has been demonstrated to achieve excellent
intermediate survival [45–48], while the use of PCI in
these high-risk patients is attractive because of its minimally
invasive nature and lower operative mortality [44].

However, the best option in patients aging ≥80 years is
largely unknown. Clinical trials frequently exclude elderly
patients [49, 50]. Large randomized trials and meta-analyses
have examined the appropriateness of each type of interven-
tion in low-risk patients and in patients younger than 80
years [44, 51, 52], but it is unclear whether these data can be
extrapolated to older patients. The evidence for the optimal
revascularization procedure in octogenarians is therefore
based primarily on observational studies, predominantly
single center series with a relatively small population size and
with an intermediate duration of follow-up [53–55].

Selection of the most appropriate treatment for elderly
patients with ischemic heart disease requires careful evalu-
ation on individual basis of the risks and benefits of three
approaches: medical therapy, PCI, and CABG surgery. The
trial of invasive versus medical therapy in elderly patients
with chronic symptomatic coronary artery disease (TIME),
a prospective randomized trial involving 305 patients with
angina, reported that, after 6 months, revascularization
performed both with PCI or CABG was associated with
an improved quality of life and fewer major cardiac events
(19 versus 49%) compared with medical treatment [56].
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The Alberta provincial project for outcome assessment in
coronary heart disease (APPROACH) observational study
analyzed the absolute risk reduction in late mortality follow-
ing CABG or PCI compared with medical therapy, based on
more than 6000 elderly patients with ischemic heart disease
[57]. Interventional approach resulted in improved outcome
in all groups compared with medical therapy and the greatest
benefit was reported in the oldest patients (>80 years of age),
with survival improvements of 17.0% for CABG and 11.3% for
PCI, respectively.

4.1. Outcomes of PCI in the Elderly. In the elderly, PCI is
beneficial, but the rate of complications significantly increases
[58, 59] and coronary anatomy is often less amenable [60]. A
recent study on PCI in elderly was conducted in 8828 octoge-
narians during 1998–2000. The authors found angiographic
success in 93% with stents placed in 75% of patients [61] and
a postprocedural mean length of stay of 3.3 days with an in-
hospital mortality of 3.77%, decreasing to 1.35%, in patients
without recent myocardial infarction. Over the last 10 years,
device technology of drug-eluting stents (DES) has evolved
with a concomitant improvement in outcomes of PCI in
the elderly. Results from the randomized multicenter SPIRIT
III trial comparing the outcomes in elderly and younger
patients treated with DES have shown that implantation of
these devices appears to be safe in elderly patients [62].
However, currently published experience of the use of DES in
the elderly is limited. Furthermore, the long-term outcomes
of current PCI technology in the elderly are yet to be
determined.

4.2. Outcomes of Conventional CABG in the Elderly. It is well
demonstrated that CABG in octogenarians relieves angina
effectively [63]. The crude survival rates after CABG in
individuals aged >75 years in the UK have increased from
92.4% (𝑛 = 821) in 1998 to 94.1% (𝑛 = 1804) in 2001 [64].
Moreover, recent literature reports an operative mortality
between 2.7 and 6.4% for isolated CABG and a 5-year
life expectancy of 65% [65–67]. Wilson et al. studied in-
hospital outcomes and cost among 2272 elderly people (>75
years) and 9745 younger patients (<75 years) who underwent
CABG between 1997 and 2001 [68]. After controlling for
clinical differences, it is demonstrated that patients with age
>75 years require a longer length of hospital stay, higher
mortality rates and higher in-hospital cost. Recent data from
prospective, randomized trials and registry studies reported
more favorable outcome with conventional CABG surgery
over PCI, especially for diabetes and patients above 65 years
of age [67, 69, 70]. Over time, prevalence of postoperative
complications and use of hospital resource have significantly
reduced in this population.Maganti et al. [66] have reported a
regression in operative mortality among octogenarians from
7.1 to 3.2% along with a decreased incidence of postoperative
complications such as stroke, low cardiac output, and use
of intra-aortic balloon pump. However, they documented
an increased prevalence of risk factors such as diabetes,
dyslipidemia, hypertension, and left main disease in this
population.

Data available and useful to identify those elderly patients
who are likely to have an improvement in quality of life after
CABG are limited. Although hospital stay length may be
longer for elderly patients, psychological and social recovery
patterns through the first 6 weeks postoperatively showed to
be similar to those of a younger age group [71]. More recently,
survivors among octogenarians who underwent isolated
CABG reported to have an excellent quality of life for up to 5
years after surgery [72]. Hence, excellent long-term survival
after CABG in elderly people may indeed be accompanied by
an equally satisfactory quality of life in the majority. Finally,
a recent review has been published with the aim to provide
an evidence-based overview of the health-related quality of
life (HRQOL) data from the literature in elderly patients
undergoing CABG [73]. The main findings of this study are
that elderly patients have an improved early and late HRQOL
following CABG.This issue can allow elderly patients to have
HRQOL comparable to an age-matched general population.
Derived benefits in HRQOL may be similar in magnitude
to younger patients. These results stress the positive impact
of CABG on HRQOL of elderly patients. Interestingly, this
review should encourage clinicians to evaluate potential
CABG surgical patients on the basis of their comorbidities
rather than on the basis of age alone as a precluding factor.

4.3. On-Pump versus Off-Pump Coronary Surgery in Elderly
Patients. Off-pump coronary artery bypass (OPCAB) graft-
ing was recently demonstrated to be an effective surgical
technique and may be of potential benefit in high-risk
populations as the elderly. The increasing interest in OPCAB
is related to the possibility of avoiding the well-known
deleterious effects of the CPB pump [74]. In fact, OPCAB is
clearly associated with reduction of consequences of systemic
inflammatory response syndrome (SIRS) [75].This syndrome
results from a cascade of events generated by the contact of
plasma proteases and blood cells with the gaseous interface
and bioincompatible surfaces of the CPB tubes. It is well
known that the elderly are particularly susceptible to damage
by these inflammatory mediators [76]. There is a growing
body of evidence that OPCAB is associated with reductions
in the risks for stroke, decline of neurocognitive functions,
delirium, atrial fibrillation, and acute kidney injury that are
the common risks encountered in this population. Moreover,
this approach seems to reduce transfusion and inotrope
requirements, ventilation time, intensive care unit and hos-
pital stays, and in-hospital and 1-year direct costs [77–79].

Most of published papers reported similar in-hospital
mortality rates for conventional CABGandOPCAB in elderly
patients [80–83]. However, some recent nonrandomized
studies [84] have shown that mortality is higher in the
patient group operated with CPB as compared to patients
operatedwithout CPB. Anothermajormatter of debate is that
CABG is associated with adverse neurological complications.
Despite the improvement in surgical and anesthesiological
techniques and ECC management, persistent stroke rate
associated with CABG has been reported ranging from 1%
to 5% of patients [85]. Elderly age has been recognized as an
independent predictor of stroke [86], related to the higher
prevalence of diseased aorta which is the main cause of
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perioperative macro and microembolism from aortic arch
plaques.

Two meta-analyses of all the observational studies pub-
lished between 1999 and 2002 [87, 88] showed that the
OPCAB technique was associated with significantly lower
incidence of stroke in elderly patients compared with the
CPB technique. Moreover, off-pump surgery has been shown
to better preserve neurocognitive impairment than conven-
tional CABG surgery [89, 90], although the pathophysiology
of these neurocognitive deficits appears to be multifactorial.

Two recent meta-analyses have questioned the influence
of OPCAB surgery on postoperative atrial fibrillation (AF)
[91, 92]. Their results suggested that OPCAB surgery could
reduce the incidence of postoperative AF in the general
population (age<70 years), but the optimal “protective effect”
was not as strong as recorded in the older population.

Renal dysfunction is a serious complication after CABG
with cardiopulmonary bypass and it can depend on non-
pulsatile flow, hypothermia, hemolysis, systemic inflamma-
tory reactions, and emboli. Moreover, advanced age is an
important predictor of postoperative renal dysfunction after
CABG [93]. Although a recent propensity-based study on
consistent number of patients confirmed these findings [94],
a meta-analysis of 6 randomized controlled trials and 16
observational studies failed to show strong benefit in the
elderly population regarding OPCAB and renal failure [95].

However, it is significant that, in elderly patients, coro-
nary artery disease is often very severe and characterized by
diffuse calcifications compared to the younger population,
making off-pump multivessel complete revascularization in
these patients very difficult. Moreover, recent studies have
confirmed that complete revascularization improves long-
term cardiac survival and functional status [96]. In consid-
eration of these findings, a rigorous selection of potential
candidates for off-pump technique appears to be mandatory,
particularly in the setting of high-risk patients. Even though
consensus has been reached on the possibility of performing
complete revascularization with the off-pump technique,
beating heart coronary surgery for multivessel disease can be
performed successfully only by experienced surgeons in high
volume centers.

5. Mitral Valve Surgery

The decision whether to refer an elderly patient with severe
mitral regurgitation formitral valve operation and the appro-
priate timing of operative intervention are challenging clin-
ical problems. Mitral valve repair is preferred over replace-
ment because of its well-documented advantages, including
lower operativemortality, superior quality of life, higher long-
term survival, and greater freedom from reoperation [97–
101]. Despite these advantages, mitral valve repair is less
frequently performed in the elderly compared with younger
patients. According to the society of thoracic surgeons
adult cardiac surgery database (STS database), the overall
repair rate for isolated primary mitral regurgitation is 60%,
whereas the repair rate among patients older than 80 years
is 45% [98]. There are several explanations for this disparity:
annular/valvular calcification and tissue fragility are more

common among elderly patients, there is a general tendency
to perform a “quick” mitral valve replacement rather than a
complex repair in the elderly, and the evidence of advanced
anatomic disease all may discourage aggressive use of repair
techniques in these high-risk patients.

No randomized trials are available comparing the out-
comes of mitral valve repair with replacement in elderly
patients with mitral regurgitation. Then, it remains a matter
of debate whether mitral valve repair confers a survival
benefit over replacement in the elderly population.

A number of retrospective studies [102–104] have demon-
strated the advantages of repair over replacement. Chikwe et
al. [102] studied 322 elderly patients who underwent mitral
valve repair (70%) or replacement (30%) in two high volume
centers. Mean follow-up time was 2.4 years. Mitral valve
replacement was associated with significantly higher opera-
tivemortality rather than repair (11% for repair versus 19% for
replacement). Significant multivariable predictors of opera-
tive mortality included concomitant CABG, ejection fraction
less than 30%, mitral valve replacement, and emergent
surgery. Adjusted survival among patients with degenerative
mitral regurgitation was significantly better in patients who
had undergone repair than in those with replacement [102].

In contrast, other studies have shown no difference in
long-term survival between mitral valve repair and replace-
ment in the elderly population. In one retrospective study, 10-
year survival of patients aging 60 years was not statistically
higher in patients undergoing mitral valve repair than in
those undergoing replacement [105]. Lorusso et al. [106]
have recently demonstrated in a similar population that
mitral valve replacement is a suitable option for patients
with chronic ischemic mitral regurgitation and impaired
left ventricular function. It provides better results in terms
of freedom from reoperation with comparable valve-related
complication rates.

Gillinov et al. [107] studied 3286 patients undergoing
isolated primary operation for degenerative mitral valve
disease. Valve repair was performed in 93% and replacement
was performed in 7% of patients. Patients who underwent
valve replacement were older, hadmore advanced symptoms,
and had more complex disease. Among a small group of
propensity-matched pairs (6% of the repair population),
survival and freedom from mitral valve reoperation were
similar between replacement and repair groups. The authors
concluded that it is reasonable to perform mitral valve repair
in the large majority of elderly patients with mitral regurgita-
tion, although valve replacement does not compromise long-
term outcomes when valve disease is complex.

When mitral valve repair is not feasible, bioprostheses
are associated with better long-term freedom from valve-
related morbidity and excellent freedom from reoperation
in elderly patients undergoing mitral valve replacement for
mitral regurgitation [108].

There are limited retrospective data available about the
optimal timing of mitral surgery in elderly patients. Bad-
hawar et al. [109] have examined the outcomes of mitral
valve operation on the basis of preoperativeNYHA functional
class. They found that operative mortality was significantly
higher among patients with advanced heart failure at the time
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of operation. Five-year survival was 68% among patients
with NYHA class III-IV compared with 85% among those
with NYHA class I-II. Severe preoperative symptoms were
associated with 5-year readmission for congestive heart
failure after successful mitral valve repair. These findings
indicate that operative intervention should be considered
before significant symptoms of heart failure develop in elderly
patients with severe mitral regurgitation.

New approaches to mitral valve surgery, in particular
various catheter-based techniques, are being tested and seem
to be an alternative to open heart surgery for older and sicker
patients. These modalities include placing devices into the
coronary sinus to support the mitral annulus and direct per-
cutaneous leaflet repair [110, 111].These approaches are attrac-
tive for older patients and could be treatments available to
many patients with prohibitive risk with the current options.

6. Aortic Surgery

Traditionally, surgery of the ascending aorta and the aortic
arch for aortic aneurysms and aortic dissections carries a
prohibitive risk for elderly patients. Deep hypothermia, long
cardiopulmonary bypass and aortic cross-clamping time,
potential need for circulatory arrest, and selective brain
perfusion are all risk factors in this kind of surgery. However,
recent data show thatmore andmore elderly patients undergo
cardiac surgery for diseases of the aorta [112]. Progress in
technology and surgical and anesthesiological management
led to better outcome of cardiac operations in octogenarians.
Chen and Hsu [113] showed that aortic surgery requiring
deep hypothermic circulatory arrest can be performed in
elderly patients with acceptable results. As a consequence, an
increased number of elderly patients are referred for aortic
surgery [114].

Meticulous patient selection, excellent brain perfusion,
adequate myocardial protection, and a perfect surgical pro-
cedure are basic requirements for successful aortic surgery,
especially for elderly patients. Recently, alternative surgical
techniques in aortic aneurysm surgery, such as debranching
of the aortic arch and subsequent aortic endoprosthesis
implantation, have gained popularity and offer an option for
older and sicker patients. Stenting of the aorta, which was
introduced into clinical practice in the mid-1990s, makes
treatment of aortic diseases possible even in elderly patients
with comorbidities [112].

Nevertheless, these operations remain to be high-risk
interventions. The main limitation in the clinical decision
making of the management of a patient aging 80 years and
older requiring major surgery is often the lack of evidence
on the benefits of any intervention. In particular, there are
few data on the value of treatment of aortic dissections in
these patients. In 2001, Neri et al. [115] reported an experience
involving 24 octogenarian patients who underwent open
repair of type A aortic dissections with discouraging results.
The authors reported an intraoperative mortality rate of 33%,
a hospital mortality rate of 83%, and no 6-month survivors
and concluded that “older patients should be denied such
complicated surgical interventions to conserve resources. . .”

On the other hand, several groups have published differ-
ent reports on acute type A aortic dissection repair in octoge-
narians. Hata et al. [116] reported on a series of 58 octogenar-
ians affected by type A dissections, of whom 30 underwent
emergent repair and 28 were managed medically. The early
mortality rate was significantly lower in the patients who
underwent surgery than in the medically managed group,
with 13.3% versus 60.7%, respectively. However, midterm
survival was not significantly different between groups, both
of which experienced about 40% survival at 8 years.

Piccardo and associates’ multicenter report from Europe
showed an in-hospital mortality rate of 46% in a series of
57 octogenarians. Similar to the study by Hata, survival
beyond 1 year remained reasonable, at about 50% at 5 years
[117]. A pooled analysis of type A aortic dissections in the
octogenarians was performed by Biancari et al. [118]. The
authors reported a 37% earlymortality rate and 12% incidence
of stroke in 308 octogenarians. On the basis of these results, it
seems reasonable that open repair can be considered formost
octogenarians although early mortality rate remains high.
Unfortunately, few pieces of data exist regarding functional
outcome and quality of life of this patient cohort after acute
type A aortic dissections repair. More data on the burden
of treatments, the intermediate survival, and quality of life
of these patients are needed to better establish the role of
emergency surgery for major aortic surgery in octogenarians
and nonagenarians.

7. Conclusions

In summary, we can conclude that, due to technical and
medical improvements, cardiac surgery is feasible in elderly
patients with acceptable risk in terms of mortality and
morbidity. Decision making is rather difficult in elderly
patients. Future studies should aim to identify, from the
multitude of biological, psychological, and emotional factors,
the ones that substantially influence the postoperative result.
Flawless surgery, meticulous hemostasis, excellent myocar-
dial protection, and perfect anesthesiological management
are basic requirements for cardiac surgery in elderly patients.
The care of elderly cardiac surgical patients can be improved
only through the strict collaboration of geriatricians, anes-
thesiologists, cardiologists, and cardiac surgeons, in order to
obtain a tailored treatment for the individual patient.
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R. E. Silber, “Cardiac surgery in the elderly patient,” Deutsches
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