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Abstract This study was performed to evaluate surgical

outcomes in octogenarian patients undergoing valve sur-

gery. Sixty patients (mean age 82.3 ± 1.9 years) who

underwent valve surgery were reviewed. Aortic valve dis-

ease was found in 65% of the patients. Preoperatively, 20%

of the patients were in NYHA class IV. An urgent opera-

tion and concomitant coronary artery bypass grafting were

performed in ten patients each. A bioprosthetic valve was

exclusively used for valve replacement except in two

patients. Mitral valve repair was done in seven patients.

Operative mortality was 13.3% for the period. No risk

factors for operative mortality were detected by multivar-

iate analysis; however, urgent operation, preoperative

NYHA class IV, preoperative renal dysfunction, perioper-

ative use of an intra-aortic balloon pumping, and prolonged

cardiopulmonary bypass time had significant effects on

operative mortality. The actuarial survival rate at 1 and

3 years after surgery was 82.6 and 71.5%, respectively, and

97.6% of late survivors reported that their activity level

was equal to or better than the preoperative level. Valve

surgery can be performed in octogenarian patients with

acceptable mortality, good long-term results, and good

quality of life. Early referral to surgery should be important

to obtain a better postoperative outcome.
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Introduction

As more and more people live to the age of 80 or older, the

indications for cardiac valve surgery in the elderly are

expanding considerably [1, 2]. Some 20–40% of the elderly

population has symptomatic heart disease, and some of

these will become candidates for valve operations [1, 3, 4].

Although excellent functional outcomes with satisfactory

long-term survival rates after valve operations, mainly

aortic valve replacement, in patients aged 80 years or older

have been described in the literature, some practitioners are

still hesitant to refer mildly symptomatic elderly patients

for surgical intervention [5]. This may be due, in part, to

fears that an elderly person would be unable to withstand

extracorporeal circulation, concern about the quality of the

tissues, worries about multisystemic disease, and incom-

plete appreciation of the life expectancy of people that

have reached the age of 80 years.

To cast further light on these issues, we reviewed our

operative and long-term results of valve surgery in patients

aged 80 years or older.

Patients and methods

Patients

This study was approved by The Ethics Committee of

Kurume University, and individual patient consent was

waived. Between January 1994 and June 2008, a total of

1,447 patients underwent heart valve surgery at Kurume

University Hospital. Of these, 60 (4.1%) were 80 years or

older at the time of surgery, and these patients form the

basis of this study. The clinical characteristics of these

patients are summarized in Table 1. Patients’ age ranged
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from 80 to 87 years with a mean age of 82.3 ± 1.9 years.

The indication of valve surgery was aortic valve disease,

mainly aortic stenosis, in 39 patients (65.0%), mitral valve

disease in 15 (25.0%), and combined aortic and mitral

valve disease in the remaining 6 (10.0%). The valve

pathology that required surgical treatment was calcification

in 30 patients and leaflet prolapse or rupture of the chordae

tendineae in 22 patients. According to the New York Heart

Association (NYHA) functional classification, 37 (61.7%)

of the 60 patients were in class III and 12 (20%) were in

class IV preoperatively. An urgent operation (defined as

surgery performed within 24 h after the first referral to

cardiac surgeons) was performed on ten patients (16.7%),

and two patients (3.3%) had a history of previous cardiac

operation.

Preoperative cardiac co-morbidities and associated ex-

tracardiac diseases in the 60 patients are also summarized

in Table 1.

Operative technique and postoperative

anticoagulant therapy

The surgical approach was through a median sternotomy,

and cardiopulmonary bypass (CPB) with moderate sys-

temic hypothermia (28–32�C) was employed in all patients

but two who simultaneously underwent hemi-arch

replacement. Myocardial protection was achieved with

antegrade and retrograde cold blood cardioplegia in all of

the patients except for one patient who received aortic

valve replacement (AVR) with crystalloid cardioplegia

prior to 1995. Operative procedures performed on the 60

patients are shown in Table 2. Standard techniques for

implantation of prosthetic valves were employed [6], and

aortic root replacement was performed with a composite

Table 1 Clinical characteristics of 60 patients

No. of patients 60

Age (years) 82.3 ± 1.9 (80–87)

Sex (male/female) 23/37

Valve disease

Aortic 39 (65.0%)

Aortic ? mitral 6 (10.0%)

Mitral 15 (25.0%)

Valve pathology

Calcified 30 (50.0%)

Rheumatic 3 (5.0%)

Prolapse 22 (36.7%)

Infective 3 (5.0%)

Others 2 (3.3%)

Preoperative NYHA class

Class II 11 (18.3%)

Class III 37 (51.7%)

Class IV 12 (20.0%)

Previous cardiac operation 2 (3.3%)

Urgent operationa 10 (16.7%)

Preoperative comorbidity

Myocardial infarction/CADb 16 (26.7%)

Pulmonary hypertension 5 (8.3%)

Systemic hypertension 38 (63.3%)

Previous CVA 16 (26.7%)

Diabetes mellitus 7 (11.7%)

Peripheral vascular disease 12 (20.0%)

Renal dysfunctionc/CRF on HD 4 (6.7%)

COPD/bronchial asthma 8 (13.3%)

Liver cirrhosis 2 (3.3%)

CAD coronary artery disease, COPD chronic obstructive pulmonary

disease, CRF chronic renal failure, CVA cerebral vascular accident,

HD hemodialysis, NYHA New York Heart Association
a An urgent operation is defined as surgery performed within 24 h

after the first referral to cardiac surgeons
b Significant coronary artery stenosis is defined as a decrease of

vascular diameter C50% in the left main trunk or C75% in the right

coronary, left anterior descending and circumflex arteries
c Renal dysfunction is defined as Cr C2.0 mg

Table 2 Operative procedures

AVR 42

?CABG 9

?MV repair 2

?MV repair ? replacement of ascending aorta 1

?Replacement of aortic root or ascending aorta 2

?Annular reconstruction ? splenectomy 1

?TAP 2

MVR 8

?TAP 4

?Maze op 1

?CABG 1

MVP 7

?TAP 3

?Maze op 2

DVR 3

?TAP 2

Valve prosthesis

Mechanical

Aortic 2

Mitral 0

Bioprosthetic

Aortic 43a

Mitral 11a

AVR aortic valve replacement, CABG coronary artery bypass grafting,

DVR double valve replacement, MV mitral valve, MVR mitral valve

replacement
a Including 3 patients undergoing DVR
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valved graft. A bioprosthetic valve was used in 51 patients

(54 valves) in either the aortic or mitral valve position, and

a bileaflet mechanical valve was used in 2 patients because

of the patients’ preferences. For mitral valve repair, stan-

dard reparative techniques [7] were used on ten patients,

and coronary artery bypass grafting (CABG) was con-

comitantly performed on ten patients. The mean cardio-

pulmonary bypass time was 179.8 ± 76.1 min (range

95–422 min), and the mean aortic cross-clamp time was

133.4 ± 58.6 min (range 62–341 min).

Postoperatively, all patients with a mechanical valve

received anticoagulant therapy with warfarin and an anti-

platelet agent throughout the follow-up period, and the

international normalized ratio was kept in the range of

1.6–2.5. Anticoagulant therapy was also given to the

patients with a bioprosthetic valve and to the patients

undergoing mitral valve repair within the first 3 months

after surgery, and thereafter, it was withdrawn, except in

patients with atrial fibrillation.

Follow-up studies

Patient status after hospital discharge was evaluated

annually or biannually by cardiologists or cardiac sur-

geons in our hospital. At the time of this study, the cur-

rent clinical evaluation was obtained by a review of

hospital records and by direct contact or patient ques-

tionnaire. Deaths and complications were strictly defined

according to published guidelines of The Society of

Thoracic Surgeons and The American Association for

Thoracic Surgery.

Statistical analysis

Statistical analyses were performed using the JMP, The Sta-

tistical Discovery Software (version 5.0.1J, SAS Institute Inc.,

Cary, NC). Distributions of all relevant variables were

expressed either as counts and proportions or as mean ±

standard deviation. The effects of nominal risk factors on early

mortality were evaluated univariately by chi-square test or

Fisher’s exact test. Combinations of risk factors were multi-

variately evaluated with multiple logistic regression models,

using the stepwise method to determine the best predictors.

Results

Operative mortality

Of the 60 patients, 8 died early after valve surgery, giving

an operative mortality rate of 13.3%. Of these eight

patients, five (8.3%) died within 30 days after valve sur-

gery (30-day mortality), and the remaining three patients

(5.0%) died before discharge from the hospital (a hospital

death). Causes of the 30-day mortality were low cardiac

output syndrome (LOS) and/or multiple organ failure

(MOF) in three patients, deterioration of neurological

deficits resulting from preoperative septic embolism and

persistent sepsis caused by methicillin-resistant Staphylo-

coccus aureus infective endocarditis, and bleeding due to

injury of the coronary sinus in one patient each, and causes

of hospital deaths in the three patients were pneumonia in

two and MOF in one, as shown in Table 3. According to

Table 3 Cases of a 30-day mortality and hospital mortality

Age/sex Diagnosis Preop NYHA Preop status Surgical procedures Causes of deaths

80/F IE, AR ? MR IV DVR Bleeding (6 POD)

80/F MR ? TR IV Mechanical vent

ARF

MVP LOS (1 POD)

81/M IE, AR

Splenic abscess

IV Cereb emb

ARF

AVR ? Annular reconstruction

Splenectomy

Neurological sequelae,

Sepsis (12 POD)

85/F ASR IV Mechanical vent

ARF

AVR

IABP

MOF (12 POD)

82/M UA, Ischemic MR IV IABP MVR ? CABG MOF (31 POD)

83/F AS, AMI IV CPA, IABP

Balloon AVP

AVR Pneumonia (95 POD)

81/F AS, OMI IV IABP AVR ? CABG Pneumonia (68 POD)

83/M AR ? MR ? TR

Asc ao aneurysm

III AVR ? MVP

Replacement of asc ao

MOF (59 POD)

AMI acute myocardial infarction, AR aortic regurgitation, ARF acute renal failure, AS aortic stenosis, ASR aortic sterno-regurgitation, AVR aortic

valve replacement, CABG coronary artery bypass grafting, CPA cardio-pulmonary arrest, DVR double valve replacement, IABP intra-aortic

balloon pumping, IE infective endocarditis, LOS low cardiac output syndrome, MOF multi-organ failure, MR mitral regurgitation, MVP mitral

valve repair, MVR mitral valve replacement, OMI old myocardial infarction, TR tricuspid regurgitation, UA unstable angina pectoris
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the preoperative NYHA functional classification, all eight

patients (16.3%) were in class III or IV, whereas there were

no operative deaths in class II.

Late mortality

Of the 60 patients, 52 were discharged from the hospital,

and all of these patients were followed up. The follow-up

period ranged from 75 days to 11.5 years with a mean

follow-up period of 3.4 ± 3.1 years, and the total follow-

up period was 176.2 patient-years.

A total of 11 patients died during the follow-up per-

iod. Pneumonia or its complication was the cause in four

patients, heart failure in two, cerebral bleeding in two,

and type A aortic dissection, malignant tumor or senility

in one each. Of the two patients who suffered cerebral

bleeding, one patient receiving successful mitral valve

repair was on anticoagulant therapy with warfarin for

three-vessel coronary artery disease that had been treated

by single CABG and repair of a ventricular septal per-

foration 15 years previously, despite a normal sinus

rhythm. The other patient also had a normal sinus

rhythm, and neither warfarin nor any antiplatelet agents

were prescribed because she had received mitral valve

replacement (MVR) with a bioprosthetic valve. Cardiac

related deaths were found in 2 patients, but no valve-

related deaths, including thromboembolism and bleeding

events, were observed in these 52 patients. The actuarial

survival rates, including operative deaths, were 82.6, 71.5

and 68.0% at 1, 3 and 5 years after surgery, respectively.

These actuarial survival rates were almost equal to

expected survival rates in normal Japanese population, as

shown in Fig. 1.

Among valve-related complications, anticoagulant-

related hemorrhage occurred in three patients (intestinal

bleeding in two and subarachnoid hemorrhage in one)

within 3 months after surgery, and these three patients

recovered by conservative therapy without any sequelae.

Paravalvular leak was observed in the aortic position in one

patient, but it was not serious enough to require reopera-

tion. In addition, cerebral infarction developed 10.6 years

after mitral valve repair in one patient who was at the age

of 93.

Postoperative NYHA functional class

and quality of life assessment

Preoperative mean NYHA functional class in the 60

patients was 3.0 ± 0.6. At the time of follow-up, the

NYHA functional class and activity level of 41 survivors

were assessed. Postoperatively, 36 (87.8%) of the 41

patients were in NYHA class I, and 5 (12.2%) were in class

II, and their activity level [1] was rated as heavy, defined as

capable of lifting heavy objects, in 12 patients (29.3%),

moderate, defined as the ability to do cleaning, in 20

(48.8%), and light, defined as activities of daily living, in 8

(19.5%), and bedridden in 1 (2.4%) who suffered cerebral

infarction at the age of 93. All of the 41 long-term survi-

vors reported that their decision to have valve surgery after

the age of 80 had been a good choice.

Discussion

About 20–40% of the population aged 80 years or older has

symptomatic cardiovascular disease [1, 3, 4], and the most

Fig. 1 The actuarial survival

rate after surgery. The actuarial

survival rates, including

operative deaths, were 82.6,

71.5 and 68.0% at 1, 3 and

5 years after surgery,

respectively. A dotted line show

expected survival rates in

normal Japanese population

C80 years old

Heart Vessels (2010) 25:522–528 525

123



frequent condition is aortic stenosis resulting from valve

calcification [1]. Therefore, the number of valve surgeries

for octogenarians is expected to continue to increase in the

future.

In this study, the overall operative mortality was 13.3%

with a 30-day mortality of 8.3%, decreasing from 31.3% (5

of 16 patients) in the initial 8 years (1994–2001) to 6.8% (3

of 44 patients, AVR; 6.5%, mitral valve surgery; 9.1%) in

the last 7 years. In previously reported series, the operative

mortality ranged from 4 to 29% in AVR [4] and from 6.5 to

15.5% in mitral valve surgery [2, 8]. Recently, hospital

mortality was reported to be 6.5% after AVR and 25% after

mitral valve surgery in octogenarians [9]. These results are

very close to our operative mortality. Although the oper-

ative mortality was higher than that in our patients younger

than 80 years, the increase was slight and is not considered

to be prohibitive for valve operations in octogenarians, as

reported in other studies [4, 9]. These results suggest that

valve surgery can be performed with an acceptable risk in

patients older than 80 years of age.

In aortic valve surgery, previous studies have demon-

strated various independent predictors for operative mor-

tality, such as low left ventricular ejection fraction, urgent

or emergent surgery, preoperative NYHA class IV, con-

comitant CABG, a prolonged CPB time, postoperative

renal dysfunction, and perioperative use of intra-aortic

balloon pumping (IABP) [1–5]. Similarly, in mitral valve

surgery, emergency surgery, preoperative NYHA class IV,

angina, mitral valve replacement, concomitant CABG and

age over 80 years have been indicated as significant pre-

dictors for operative mortality [8, 9]. Furthermore,

DiGregorio and colleagues [10] showed that preoperative

NYHA class III–IV was significantly associated with pro-

longed hospital stay and emphasized that favorable pre-

operative NYHA class has been associated with favorable

long-term survival in the elderly population. In our study,

no significant risk factors for operative mortality were

detected by multivariate logistic regression analysis

because of the small number of patients operated on and

the low number of operative deaths; however, univariate

analysis revealed urgent operation, preoperative NYHA

class IV, perioperative use of IABP and prolonged CPB

time, in addition to preoperative renal dysfunction, had a

significant effect on operative mortality. Concomitant

CABG has been a well-documented risk factor for all

cardiac valve surgery [2, 11–13], but a recent study [5] has

indicated that concomitant CABG was protective of oper-

ative mortality and improved long-term survival. Prolon-

gation of CPB time attributed to concomitant CABG,

however, may increase the risk of adverse events in octo-

genarians. Since other therapeutic procedures such as

percutaneous coronary interventions are now available,

only those with critical coronary lesions or severe angina

should undergo concomitant CABG, and less than com-

plete revascularization may be an acceptable alternative in

these elderly patients when congestive heart failure is a

primary indication of operation [12, 14]. Of our eight

patients who died early after surgery, seven had several risk

factors simultaneously and were in extremely critical

condition preoperatively. These critical patients are defined

as ‘‘salvage’’ patients, in whom high operative mortality

was reported, even in patients younger than 80 years [15].

Furthermore, a previous study showed that risk reaches

40% when left heart failure, NYHA class IV, emergency

surgery, aortic regurgitation and cardiomegaly occur con-

currently [16]. These results suggest the importance of

early operation on elderly patients with valve disease,

avoiding development of advanced heart failure and ‘‘sal-

vage’’ operations.

In the reported series, the actuarial survival rate was 82%

at 1 year, 70% at 3 years and 56% at 5 years after AVR [6],

and in mitral valve surgery, it was 52.3% at 7 years post-

operatively [2]. In the present study, actuarial survival rates,

including operative death, were 82.6, 71.5 and 68.0% at 1, 3

and 5 years after surgery, respectively. These survival rates

are comparable with those in other studies and show good

long-term survival despite advanced age.

Of at least equal importance to the elderly as survival is

quality of life. In this study, all of the 41 long-term survivors

reported that their decision to receive valve surgery after the

age of 80 years had been a good choice. Furthermore, at a

mean follow-up of 3.4 years postoperatively, 97.6% of sur-

vivors maintained the same preoperative or improved

activity level. These findings were similar to those reported

in previous studies [11, 17], and no valve-related compli-

cations with permanent disability were observed.

In aortic valve surgery, calcification of the aortic valve

leading to aortic stenosis is the predominant lesion, and

valve replacement is recognized as the sole curative treat-

ment [4]. In this series, a bioprosthetic valve was used for

all patients in the aortic position except for two patients.

Although minor anticoagulant-related bleeding occurred in

3 patients early after surgery, there were no valve-related

deaths or complications, including reoperation for primary

tissue failure. These results suggest that bioprosthetic

valves are appropriate in octogenarians, particularly in the

aortic position. As postoperative anticoagulant therapy for

elderly patients with a bioprosthetic valve, a variety of

regimens, a combination of warfarin and an antiplatelet,

warfarin alone, an antiplatelet alone, or none, has been

described [18]. Among these, the usefulness of antiplatelets

after AVR with a bioprosthesis has been recently reported in

several papers [19], and a prospective study by Gherli and

colleagues [20] showed no significant difference in rates of

cerebral ischemic events, major hemorrhages or overall

survival between patients who received warfarin for the first
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3 months and patients treated with aspirin alone. Consid-

ering these results and better quality of life resulting from

the avoidance of repeated blood tests and dosage adjust-

ments of warfarin, antiplatelet therapy alone after AVR

with a bioprosthesis may be sufficient for octogenarian

patients without thromboembolic risk factors. We believe

that a further study should be performed to make the deci-

sion whether to use anticoagulation or antiplatelet therapy,

as well as the duration and level of anticoagulation.

Among 15 patients with mitral valve disease, 7 patients

(46.7%) underwent mitral valve repair and 8 (53.2%)

received MVR with a bioprosthetic valve. In the elderly,

the question of whether to select valve repair or valve

replacement is controversial because MVR with a bio-

prosthetic valve has a high structural deterioration-free rate

and does not require anticoagulant therapy, and also allows

preservation of left ventricular performance by chordal

sparing technique. However, mitral valve replacement was

considered to be a significant independent risk factor for

mortality, and mitral valve repair had a significantly greater

cumulative survival compared with MVR [2]. Based on

these results, mitral valve repair should be performed

whenever possible, even in octogenarians.

Limitations

The present study has some limitations. It has the general

limitations of a retrospective study. In addition, the number

of patients was very small, and the total follow-up period in

our patients was too short to have meaningful statistical

analyses or to reach any definite conclusions, and a further

study is recommended because of the heterogeneity of the

patients in this study. Selection bias in favor of healthier

patients by cardiologists and their subsequent referral to

surgery could have skewed results toward better outcomes.

Controlling for this bias would be difficult, because a large

number of surgeons and cardiologists were involved in the

care of these patients, and no information about patients

who were not offered surgery was available. Nevertheless,

most of these patients were of advanced NYHA functional

class and had many other comorbidities, suggesting that

this subgroup was not highly selected. Finally, the number

of variables in the multivariable analyses was limited

owing to statistical restrictions. The use of more covariates

can sometimes lead to different conclusions.

Conclusions

Valve surgery can be performed in patients 80 years or

older with acceptable mortality, good long-term results,

and good quality of life. In our study, urgent operation,

preoperative NYHA class IV, perioperative use of IABP

and prolonged CPB time, in addition to preoperative renal

dysfunction, had a significant effect on operative mortality.

We believe that once a cardiac valve disease is diagnosed,

early referral for surgery should help to avoid hazardous

developments and consequently lead to better postopera-

tive outcomes in patients aged 80 years or older.
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