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Abstract The purpose of this study was to investigate

retrospectively early and late outcomes of coronary artery

bypass grafting (CABG) in a large series of octogenarians.

We retrospectively reviewed the data of 241 octogenarian

patients who underwent CABG between April 2002 and

April 2009 at our institution. Mean age was 84.7 ± 1.8

years. Patients affected by concomitant coexistent organic

aortic, mitral, or tricuspid valve disease were excluded

from the study. Patients with functional secondary ische-

mic mitral incompetence were included in the study. The

majority of the patients were male. Angina pectoris func-

tional class III/IV accounted for 164 patients (68%). Left

ventricular ejection fraction B35% was diagnosed in 38

patients (15.8%). Early mortality rate was 5.8% (14

patients). Causes of death were cardiac related in 10

patients. Preoperative independent predictors of in-hospital

mortality obtained with multivariate analysis were extra-

cardiac arteriopathy, New York Heart Association class

III/IV, and previous percutaneous transluminal coronary

angioplasty (PTCA). The overall mean follow-up was

41.6 ± 25.9 months (range 1–87.6 months). Among the

222 contacted survivors, there were 16 (7.2%) deaths

during the follow-up. The actuarial survival was 91.9% at 1

year and 83.5% at 5 years. On multivariate analysis, time

to late death was adversely affected by preoperative

extracardiac arteriopathy and previous PTCA. Advanced

age alone should not be a deterrent for CABG if it has been

determined that the benefits outweigh the potential risk. A

careful selection of optimal candidates, based on the

evaluation of their systemic comorbidities, appears man-

datory in order to obtain the greatest benefit for these high-

risk patients.
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Introduction

An increasing number of octogenarians are undergoing

coronary artery bypass grafting (CABG) surgery. Despite

recent advances in surgical technology, pharmacotherapy,

and intensive care unit (ICU) management, leading to

improved outcomes in this group of patients, they remain at

higher risk of mortality and morbidity after CABG in

comparison with younger patients [1]. On the other hand,

recent reports suggest that aggressive revascularization

strategies in older patients with coronary artery disease

obtain the relief of symptoms and the improvement of

quality of life [2–4].

Most clinical series have reported early results [5, 6],

and few studies have been published with the aim of

examining long-term outcome and its predictors in octo-

genarian patients undergoing CABG surgery [7–10].

The purpose of the current investigation was to examine

early mortality and morbidity after CABG, to determine

predictors of late mortality in a single-center series of

octogenarians who underwent surgical coronary revascu-

larization, and to discuss potential strategies to improve

early and long-term outcomes.

F. Nicolini (&) � A. Molardi � D. Verdichizzo �
M. C. Gallazzi � I. Spaggiari � F. Cocconcelli �
A. M. Budillon � B. Borrello � D. Rivara � C. Beghi � T. Gherli

Heart Surgery Section, University of Parma Medical School,

Via A. Gramsci 14, 43100 Parma, Italy

e-mail: francesco.nicolini@unipr.it

123

Heart Vessels (2012) 27:559–567

DOI 10.1007/s00380-011-0198-1



Patients and methods

Population

We retrospectively reviewed the data of 241 octogenarian

patients who underwent CABG between April 2002 and

April 2009 at our institution. Mean age was 84.7 ± 1.8

years. Patients affected by concomitant coexistent organic

aortic, mitral, or tricuspid valve disease were excluded

from the study. Patients with functional secondary ische-

mic mitral incompetence were included in the study.

The majority of the patients were male. Canadian Car-

diovascular Society (CCS) functional class III/IV accoun-

ted for 164 patients (68%). Left ventricular ejection

fraction (LVEF) B35% was diagnosed in 38 patients

(15.8%). The European System for Cardiac Operative Risk

Evaluation (EuroSCORE) was calculated for every patient

as predictor of perioperative mortality [11]. Mean additive

EuroSCORE was 8.7 ± 2.6. Details of preoperative

demographic and cardiovascular characteristics are repor-

ted in Table 1.

The study complies with the Declaration of Helsinki, the

local ethics committee approved the research protocol, and

informed consent was obtained from the subjects.

Perioperative management

Coronary artery disease was diagnosed on the basis of

symptoms and noninvasive tests, and was confirmed in all

patients by coronary angiography. Coronary artery bypass

grafting was performed whenever coronary angiography

showed stenosis greater than 70% on the major epicardial

vessels. Patients with mitral valve insufficiency with an

echocardiographic effective regurgitant orifice (ERO) C0.2

cm2 were considered for annuloplasty [12]. Severely

depressed myocardial function detected by echocardiogra-

phy was defined as an LVEF B35%. All patients had

preoperative epiaortic vessel echography and aortic

echography, used in order to detect the sites of severe

atherosclerotic disease and to perform safe aortic cannu-

lation and manipulation during the operation.

All patients were treated in the perioperative period with

intravenous (i.v.) vancomycin associated with cefotaxime.

The i.v. vancomycin protocol was as follows. A loading

dose of 15 mg/kg i.v. was infused almost 1 h before

anesthesiologic induction or surgical maneuvers. Main-

taining doses of 12.5 mg/kg i.v. were administered at the

arrival in ICU after surgery and consequently at a rate

adjusted according to the estimated vancomycin clearance

based on the daily vancomycin serum levels. Cefotaxime

was administered at a dose of 2 g i.v. every 6 h for 3 days,

or until the removal of central venous catheters and chest

tubes.

All patients received premedication with morphine sul-

fate (0.1 mg/kg body weight) and scopolamine (0.01 mg/kg

body weight) intramuscularly 60 min before transfer to the

operating room. Anesthesia was induced with midazolam

(0.05 mg/kg), etomidate (0.3 mg/kg), and fentanyl. Neu-

romuscular block was obtained by cisatracurium besylate

i.v. Anesthesia was maintained with fentanyl, sevoflurane,

and cisatracurium besylate. A full intravenous heparin dose

was administered (3 mg/kg) in the case of standard car-

diopulmonary bypass (CPB).

Heart surgery was performed using CPB at 34�C sys-

temic temperature in all patients, except those who were

operated on for off-pump coronary artery revascularization.

The extracorporeal circulation management was based on

an optimal flow rate of 2.4 l/min/m2 and mean systemic

perfusion pressure of 60 mmHg. Perfusion pressure [70

mmHg during CPB was maintained in all patients with a

documented associated cerebrovascular disease.

Antegrade warm blood intermittent cardioplegia or ante-

retrograde warm blood continuous cardioplegia were used

Table 1 Demographic and preoperative clinical characteristics

Variables No. of patients %

Age (mean ± SD) 84.7 ± 1.8

Gender

Male 139 57.7

Female 102 42.3

Hypertension 192 79.7

Diabetes 51 21.2

History of smoking 115 47.7

COPD 17 7.1

Hypercholesterolemia 105 43.6

Peripheral arterial vascular disease 73 30.3

Vascular neurologic disease 5 2.1

Creatinine serum level [2 mg/dl 6 2.5

Previous AMI 127 53

HF history 25 10.4

Previous PTCA 16 6.6

CCS class III 105 43.6

CCS class IV 59 24.5

NYHA class III 74 30.7

NYHA class IV 19 7.9

LVEF (%) ± SD 50.3 ± 12.6

LVEF B35% 38 15.8

Emergency 11 4.6

Mean EuroSCORE (range) 8.7 ± 2.6 6–13

EuroSCORE [9 81 33.6

COPD chronic obstructive pulmonary disease, AMI acute myocardial

infarction, HF heart failure, CABG coronary artery bypass grafting,

PTCA percutaneous transluminal coronary angioplasty, CCS Cana-

dian Cardiovascular Society, NYHA New York Heart Association,

LVEF left ventricular ejection fraction
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at the discretion of the operating surgeon. Myocardial

revascularization was obtained by suturing the left internal

mammary artery as first-choice arterial conduit on the left

anterior descending coronary artery whenever possible, and

by using segments of saphenous vein or other arterial

conduits on the other vessels. In the case of concomitant

ischemic mitral regurgitation, normothermic CPB was

started via aorto-bicaval cannulation. After performing

posterior wall bypass grafts with saphenous vein segments,

the mitral valve was exposed by a transseptal incision and

repaired according to the Bolling annuloplasty technique

[13] using a Cosgrove band (Edwards Lifesciences, Irvine,

CA, USA), sutured on the posterior leaflet.

Off-pump beating heart revascularization was per-

formed only in patients affected by systemic comorbidities

such as severe epiaortic vessel obstructive disease, chronic

obstructive pulmonary disease, or porcelain aorta, which

are all mandatory contraindications to traditional on-pump

CABG. Off-pump coronary revascularization was per-

formed with the use of Octopus 3 Tissue Stabilizer and the

insertion of intracoronary Clearview shunts (Medtronic,

Minneapolis, MN, USA). After the operation, the assess-

ment of cardiac output, cardiac index, systemic vascular

resistance index, and pulmonary vascular resistance index

was made by Swan–Ganz catheter insertion.

Definition of the complications

All of the preoperative variables included in the Euro-

SCORE system were defined with the same criteria

reported in the score system [11]. Postoperative CABG-

related myocardial infarction was diagnosed in the case of

the elevation of cardiac biomarker values more than five

times the 99th percentile of the normal reference range

during the first 72 h following CABG, when associated

either with the appearance of new pathologic Q-waves or

new left bundle branch block, or with angiographically

documented new graft or native coronary artery occlusion,

or with evidence of new loss of viable myocardium.

Diagnosis of postoperative low cardiac output syndrome

was made if a patient required either intra-aortic balloon

counterpulsation and/or dopamine support greater than 5

lg/kg/min for more than 24 h in the ICU to obtain a sys-

tolic blood pressure greater than 90 mmHg and a cardiac

index greater than 2.0 l/min/m2 despite an adequate pre-

load. Stroke was defined as any neurologic deficit longer

than 24 h confirmed by clinical findings or computed

tomographic scan. Bleeding was defined as a re-exploration

owing to excessive mediastinal bleeding or a cardiac

tamponade. Respiratory failure was defined as a require-

ment for mechanical ventilatory support for more than 2

days in the intensive care unit.

Follow-up

Follow-up was obtained using telephone interviews. All

survivors were questioned on their health status, and the

presence or absence of angina pectoris and dyspnea, to

identify their postoperative CCS and New York Heart

Association (NYHA) functional classes.

The SF-36 Quality of Life questionnaire was used pre-

operatively and in the follow-up to compare the self-

reported changes in the functional status in all surviving

patients. The questionnaire contains 36 questions covering

eight different health dimensions: physical functioning,

role limitations caused by impaired physical health, bodily

pain, general health, vitality, social functioning, role limi-

tations caused by emotional difficulties, and mental health.

For each dimension, scores are calculated and converted

into a scale of 0–100, that is, from the worst to the best

possible status.

Follow-up was 98% complete for the patient population

discharged from hospital.

Statistical analysis

Normally distributed continuous variables were expressed

as mean ± standard deviation (SD) and were analyzed

using Student’s t test. Dichotomous variables were com-

pared using the v2 test, or Fisher’s exact test when appro-

priate. The ‘‘t test’’ for paired groups was used to compare

population means. The association of potential risk factors

with in-hospital mortality was assessed by univariate

analysis; factors with a P value less than or equal to 0.2

were included in a stepwise logistic regression analysis

model. A P value of 0.05 or less was considered significant.

Survival was analyzed by the Kaplan–Meier method. A

log-rank test was used to analyze the impact of preopera-

tive and operative variables on the outcome at follow-up.

The Cox proportional hazards method was used to evaluate

the influence of pre- and postoperative variables on time to

death. Statistical analysis was performed with SPSS 15

statistical software (SPSS, Chicago, IL, USA).

Results

Among our patients, 211 (87.5%) underwent conventional

on-pump coronary revascularization, whereas the remain-

ing 30 patients had off-pump beating-heart surgery. The

majority of patients (69%) received the left internal

mammary artery graft on the left descending artery. The

mean number of grafts was 2.2 ± 1.5. Mitral valve annu-

loplasty was performed in 10 patients, due to severe sec-

ondary ischemic mitral regurgitation. Mean CPB time was
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98 ± 39 min and mean aortic cross-clamp time was

80 ± 41 min. Operative details are reported in Table 2.

In-hospital mortality rate was 4.6% (11 patients). Causes

of death were cardiac related in 7 patients: 4 patients died

of unresponsive low cardiac output syndrome, 1 of sudden

death, 1 of major arrhythmias, and 1 of perioperative

myocardial infarction. Noncardiac-related deaths accoun-

ted for 4 patients: 2 had untreatable respiratory failure due

to postoperative pulmonary infection and 2 died of multi-

organ failure. Three other patients (1.2%) died within 30

days outside the hospital: 1 of untreatable heart failure, 1 of

sudden death, and 1 of major arrhythmia.

Low cardiac output syndrome occurred in 23 patients

(9.5%), although only 11 patients required intra-aortic

balloon counterpulsation (IABP). Four patients experi-

enced perioperative myocardial infarction (1.7%), and

major ventricular arrhythmia episodes were reported in 23

patients (9.5%). Thirty-nine patients (16.2%) experienced

postoperative atrial fibrillation. Respiratory failure requir-

ing prolonged mechanical ventilation affected 22 patients

(9.1%), which in 2 of these patients was caused by acute

pneumonia. Acute renal failure occurred in 23 patients

(9.5%), requiring transient renal dialysis in 5. Repeat tho-

racotomy due to bleeding was necessary in 4 patients

(1.7%). We reported a very low incidence of stroke, which

occurred in only 1 patient (0.4%), whereas 2 patients

(0.8%) reported transient ischemic attacks. Five patients

(2.1%) had subcutaneous presternal wound infection that

did not require repeat thoracotomy. No mediastinitis

occurred. Mean ICU stay was 3.13 ± 4.04 days.

Table 3 shows the relationship between preoperative and

operative variables and 30-day mortality. The univariate

statistical analysis confirmed that previous stroke (P = 0.02),

extracardiac arteriopathy (P = 0.05), previous PTCA

(P = 0.004), CCS class III or IV (P = 0.02), NYHA

functional class III or IV (P = 0.002), emergency surgery

(P = 0.0002), and EuroSCORE [9 (P = 0.0007) were

Table 2 Operative data

Procedures No. of

patients

%

Off-pump procedures 30 12.5

Number of grafts (mean ± SD) 2.2 ± 1.5

Use of left internal mammary artery 166 68.9

Use of right internal mammary artery 2 0.8

Use of radial artery 4 1.7

Mitral valve annuloplasty 10 4.1

Cardiopulmonary bypass time (min) (mean ± SD) 98 ± 39

Aortic cross clamp time (min) (mean ± SD) 80 ± 41

Table 3 Relationship between preoperative and operative variables

and in-hospital mortality: univariate analysis

Variable Mortality (%) P value

Gender

Male 8/139 (5.8)

Female 6/102 (5.9) 0.92

Hypertension

Yes 13/192 (6.8)

No 1/49 (2.04) 0.36

Diabetes

Yes 4/51 (7.8)

No 10/190 (5.3) 0.72

Previous stroke

Yes 2/5 (40)

No 12/236 (5.1) 0.02

Extracardiac arteriopathy

Yes 8/73 (10.9)

No 6/168 (3.6) 0.05

COPD

Yes 1/17 (5.9)

No 13/224 (5.8) 0.90

Previous PTCA

Yes 4/16 (25)

No 10/225 (4.4) 0.004

Previous AMI

Yes 9/127 (7.1)

No 5/114 (4.4) 0.5

HF history

Yes 1/25 (4)

No 13/216 (6) 0.9

CCS

I 1/46 (2.2)

II 1/31 (3.2)

III 4/105 (3.8)

IV 8/59 (13.6) 0.02

NYHA

I 0/71 (0)

II 4/77 (5.2)

III 7/74 (9.5)

IV 3/19 (15.8) 0.002

Cardiogenic shock

Yes 1/2 (50)

No 13/239 (5.4) 0.24

LVEF \ 35%

Yes 2/37 (5.4)

No 12/204 (5.9) 0.78

Left main stem disease

Yes 5/92 (5.4)

No 9/149 (6) 0.9
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significant determinants of 30-day mortality. The relation-

ship between postoperative morbidity and in-hospital

mortality is reported in Table 4: univariate analysis showed

that the use of IABP for low cardiac output syndrome

(P = 0.0002), and prolonged mechanical ventilation

(P = 0.03) were the only postoperative predictors of early

mortality. Preoperative independent variables were ana-

lyzed in a stepwise multiple logistic regression analysis,

showing that extracardiac arteriopathy (odds ratio (OR)

3.4911, 95% confidence interval (CI) 1.0992–11.0881,

P = 0.03), NYHA III/IV (OR 3.8501, 95% CI 1.1284–

13.1374, P = 0.03), and previous PTCA (OR 6.5720, 95%

CI 1.6394–26.3450, P = 0.08) were significant predictors

of 30-day mortality.

The overall mean follow-up was 41.6 ± 25.9 months

(range 1–87.6 months). Five patients were lost at follow-

up. Among the 222 contacted survivors there were 16

deaths (7.2%) during the total follow-up period. Cardio-

vascular diseases caused 11 deaths (69%). The cause of

death was refractory heart failure in 4 patients, sudden

death in 2 patients, pulmonary embolism in 2, acute

myocardial infarction in 1, stroke in 1, sequelae of inferior

limbs ischemia in 1, ruptured abdominal aortic aneurysm in

1, sepsis after fracture of thighbone in 1, pulmonary neo-

plasia in 1, pancreas neoplasia in 1, and bladder neoplasia

in 1 patient.

The actuarial survival was 91.9% at 1 year and 83.5% at

5 years (Fig. 1). The mean NYHA functional class

improved in survivors from 2.13 ± 1 to 1.8 ± 0.8 (P =

0.0078), and the mean CCS class improved from 2.7 ± 1.1

to 0.91 ± 0.87 (P \ 0.0001). Functional status derived

from SF-36 questionnaire markedly and significantly

improved after surgery, as reported in Table 5.

Preoperative and operative variables were analyzed in a

multivariate model with Cox proportional hazards regres-

sion analysis, showing that extracardiac arteriopathy

(hazard ratio 0.7197, 95% CI 1.0048–4.1985, P = 0.04)

and previous PTCA (hazard ratio 1.1497, 95% CI

Table 3 continued

Variable Mortality (%) P value

Emergency surgery

Yes 4/11 (36.3)

No 10/230 (4.3) 0.0002

EuroSCORE [9

Yes 11/81 (13.6)

No 3/160 (1.9) 0.0007

Mitral valve surgery

Yes 0/10 (0)

No 14/231 (6.1) 0.44

ECC

Yes 11/211 (5.2)

No 3/30 (10) 0.53

COPD chronic obstructive pulmonary disease, AMI acute myocardial

infarction, HF heart failure, PTCA percutaneous transluminal coro-

nary angioplasty, CCS Canadian Cardiovascular Society, NYHA New

York Heart Association, LVEF left ventricular ejection fraction, ECC
extracorporeal circulation

Table 4 Relationship between perioperative morbidity and in-hos-

pital mortality: univariate analysis

Variable Mortality (%) P value

IABP

Yes 4/11 (36.3)

No 10/230 (4.3) 0.0002

Blood transfusions

Yes 9/200 (4.5)

No 5/41 (12.2) 0.12

Surgical revision for bleeding

Yes 1/4 (25)

No 13/237 (5.5) 0.56

Perioperative AMI

Yes 1/4 (25)

No 13/237 (5.5) 0.56

Prolonged mechanical ventilation

Yes 4/22 (18.2)

No 10/219 (4.6) 0.03

Acute renal failure

Yes 2/23 (6.1)

No 12/208 (5.7) 0.42

Atrial fibrillation

Yes 1/39 (2.6)

No 13/202 (6.4) 0.56

IABP intra-aortic balloon counterpulsation, AMI acute myocardial

infarction

Fig. 1 Actuarial overall survival
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1.2133–8.2162, P = 0.01) were significant predictors of

late mortality.

Discussion

Elderly patients who underwent CABG have a relatively

greater prevalence of cerebrovascular disease, diabetes

mellitus, chronic obstructive pulmonary disease, peripheral

vascular disease, and left ventricular dysfunction. Moreover,

age has been shown to decrease maximal heart rate, to

prolong the PR interval, to increase the incidence of atrial

fibrillation, and to alter the homogeneity of ventricular

repolarization, which may contribute to the cardiac mortal-

ity in the elderly population [14]. Not unexpectedly, sig-

nificant mortality, increased resource utilization, and a high

rate of complications have been reported in elderly high-risk

surgical candidates [1, 15]. Catabolic response to stress is of

great concern in the elderly, because of the limited muscle

mass of many older people before surgery [16]. Hormonal

dysregulation (decline in anabolic hormones) and postop-

erative systemic inflammation, often through a synergistic

interaction, play a fundamental role in the pathogenesis of

the so-called geriatric frailty syndrome [17]. In the elderly,

CABG with cardiopulmonary bypass can trigger an acute

inflammatory response and hormonal changes that have

been related to hemodynamic and metabolic effects [18].

Nevertheless, recent reports suggest that aggressive surgical

coronary revascularization in the elderly relieves angina

effectively and improves quality of life [2, 3].

The main finding of this study is that CABG can be

performed in octogenarians with acceptable in-hospital

results. The 30-day mortality rate in our study was 5.8%,

comparing well with the results of other single-center

experiences reporting early mortalities of less than 10%

[7–9, 15, 19]. Continued refinements in surgical technique,

cardiac anesthesia, myocardial protection, and postopera-

tive respiratory fast-track weaning may be determinants

leading to an improved outcome for elderly patients.

Although saphenous vein grafts have been traditionally

used as the bypass conduits in CABG, it is well recognized

that vein graft atherosclerosis is the ‘‘Achilles heel’’ of

surgical coronary revascularization. In elderly patients, left

internal mammary artery grafts, along with vein grafts,

have resulted in improved long-term outcomes [20]: in fact,

we used the left internal mammary artery in the majority of

patients (68.9%), with a percentage of 90% in the second

half of the study period. Several studies supported survival

benefits of arterial revascularization in elderly patients [21,

22]. Our strategy involved the use of the right internal

mammary or the radial artery as second-choice arterial

conduit only in the case of poor quality of the left internal

mammary artery.

Off-pump CABG has become an option in the treatment

of patients with coronary artery disease, especially those

with associated systemic disease or functional impairment

of various organs, in patients with technical obstacles to

on-pump surgery caused by severe aortic calcifications, and

also in patients with depressed ventricular function [23]. It

is significant that in elderly patients, coronary artery dis-

ease is often very severe and is characterized by diffuse

calcifications in comparison with 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 [24]. In

consideration of these findings, a rigorous selection of

potential candidates for off-pump technique appears man-

datory, 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, we believe that beating-heart coronary

surgery can be performed with success only by an expe-

rienced surgeon. We do not perform off-pump surgery

routinely, reserving this technique for selected patients in

whom coronary artery disease is limited to the left ventricle

anterior wall and when there are mandatory contraindica-

tions to CPB such as porcelain aorta.

Table 5 SF-36 scores

preoperatively and at follow-up

SF-36 Short-Form 36,

NS not significant

Variable Preoperatively

Mean ± SD

Follow-up

Mean ± SD

P

SF-36 domains

Physical function 45.61 ± 31.15 52.94 ± 28.26 NS

Role physical 45.52 ± 50.11 38.24 ± 41.85 NS

Bodily pain 48.27 ± 36.29 66.68 ± 29.84 0.001

General health 40.71 ± 28.66 56.15 ± 17.48 \0.001

Vitality 42.8 ± 28.82 53.97 ± 18.9 0.002

Social functioning 58.29 ± 32.53 71.82 ± 24.87 0.004

Role emotional 50.87 ± 54.23 59.59 ± 38.23 NS

Mental health 52.33 ± 29.79 70.71 ± 17.16 \0.001
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We used only flexible annuloplasty rings for the mitral

valve reconstruction in the case of chronic mitral regurgi-

tation secondary to coronary artery disease. We believe that

this approach is easy and safe. It is confirmed by the current

best available evidence that the use of flexible bands per-

mits more physiologic geometric changes, preserves left

ventricular function during stress, and is associated with

lower postoperative mitral valve gradients [25, 26].

Attention to intraoperative myocardial protection appears

mandatory in these high-risk patients, and the use of ante-

grade and retrograde normothermic blood cardioplegia

should be encouraged mainly for coronary revascularization

[27]. The benefits in the prevention of systemic inflamma-

tory response syndrome after ischemia–reperfusion injury

due to CPB have recently been demonstrated [28]. Although

transient low-output syndrome occurred in 23 of our patients

(9.5%), IABP was required only in 4.6% of our patients.

This was similar to what has been reported in the literature

[9, 15].

Another important issue to consider is careful hemos-

tasis management and the use of antifibrinolytic agents

during CPB, which can minimize excessive postoperative

bleeding and the need for re-exploration, as well as helping

to realize an effective respiratory fast-track weaning. In

fact in the present study, this postoperative complication

was reported only in 4 patients (1.7%).

The overall neurologic complications rate in our patient

population was 1.2%. In particular, the stroke incidence

(0.4%) was lower than that reported in other studies [8, 15],

which may be linked to the routine use of preoperative

epiaortic vessels Doppler echography and intraoperative

transesophageal aortic echography. We believe that it is

necessary to maintain a perfusion pressure [70 mmHg

during CPB in all patients with a documented associated

cerebrovascular disease in order to minimize the risks of

perioperative stroke.

Age is considered a significant risk factor for the

development of acute renal failure in postanesthesia care

unit patients, particularly after cardiac surgery [29], which

has a serious impact on in-hospital stay and mortality. In

this study, this postoperative complication was not a risk

factor for increased early and long-term mortality at uni-

variate and multivariate analysis, although it remains a

relatively frequent complication, occurring in 23 of our

patients (9.5%), and requiring transient renal dialysis in 5

of them. Several new technical and pharmacologic

approaches have been proposed to reduce the incidence of

postoperative acute renal failure after cardiac surgery. In a

recent study, Presta et al. [30] demonstrated that pulsatile

CPB seems to preserve renal function better than standard

CPB, also in elderly patients. A recent meta-analysis pro-

vided evidence that fenoldopam may confer significant

benefits in preventing the need for renal replacement

therapy and reducing mortality in patients undergoing

cardiovascular surgery [31], whereas the impact of nesiri-

tide on renal protection after cardiac surgery remains a

matter of debate [32, 33]. In this setting of high-risk

patients, the assessment of novel renal biomarkers for the

early detection of postoperative acute renal failure consti-

tutes an important area of research [34].

All of these considerations suggest that although

refinements in perioperative management have led to

improved outcome of elderly patients, focused efforts are

required to optimize prevention and treatment of postop-

erative systemic and specific organ dysfunctions. Surgical

stress after CABG is usually followed by increased

inflammation and hormonal dysregulation, superimposed

on the already altered hormonal assessment and preopera-

tive proinflammatory state and sarcopenia. It has been

suggested that hormonal therapy together with nutritional

supplementation and exercise could be a potential strategy

to prevent the catabolic response and improve physical

well-being after surgery [16].

In the meantime, prediction of outcome in elderly patients

based on preoperative risk factors appears to be mandatory

for the optimal selection of surgery candidates. Several

studies have reported that renal failure, peripheral vascular

disease, the use of IABP, longer CPB time, and emergency

procedures occur frequently in elderly people after cardiac

surgery, and predict adverse outcomes [8, 10, 35]. In our

study, multivariate analysis was used to evaluate 30-day

death risk for patients after surgery: extracardiac arteriopa-

thy (OR = 3.4911), NYHA III–IV (OR = 3.8501), and

previous PTCA (OR = 6.5720) proved to be independent

predictive factors of perioperative mortality. These results

suggest that early intervention may be warranted in this high-

risk population in order to avoid the worsening of heart

functional class and the onset of symptoms of heart failure.

In the current study, survival estimates at 1 and 5 years

were 91.9% and 83.5%, respectively. These results com-

pare well with other single-center and registry studies, and

confirm good long-term survival despite advanced age

[7, 10, 36, 37]. The results obtained in our series of patients

demonstrate not only an extended life expectancy, but also

a significant improvement in the NYHA functional class

and the relief of angina. Cox proportional hazards analysis

showed that time to late death was adversely affected by

preoperative extracardiac arteriopathy and previous PTCA.

These variables may represent markers for major postop-

erative morbidity with a strong negative impact on life

expectancy, and should probably be considered in the

preoperative evaluation of optimal candidates for surgery

and for the development of a risk model for this high-risk

group of patients.

The limitations of this study should be noted. This is a

single-center retrospective analysis of elderly patients who
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underwent CABG. Given that the study did not compare

outcomes in elderly patients with coronary disease who

underwent medical therapy or percutaneous coronary

interventions in the same period, the conclusions have

limited application. Finally, due to the retrospective design

of the study, it proved impossible to collect data about

preoperative objective ‘‘frailty’’ criteria in order to define

their prognostic significance, as reported by other authors

[17].

Which types of elderly patients are ideal candidates for

CABG is not an easy question to answer. An elderly person

with few background illnesses and a good expected quality

and length of life would probably stand to benefit from

surgery. Discrepancies between chronological age and

biological age must be dealt with, and the risk–benefit

analysis needs to be tailored to each patient.

However, our study shows that advanced age alone

should not be a deterrent to CABG. Despite a trend toward

continued improvement in the perioperative management

and consequent lower perioperative morbidity, a careful

selection of optimal candidates, based also on the evalua-

tion of their systemic comorbidities, appears mandatory to

obtain the greatest benefit for these high-risk patients.

Further prospective studies need to be addressed to

determine the independent prognostic effect of rules-based

frailty criteria in the older candidates for CABG.
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