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From January 1989 to October 1992, 208 consecutive
patients underwent isolated aortic valve replacement
for calcified aortic stenosis in our department. Since
the mean age of this patient population was 70 + 9
years, a retrospective clinical study was completed to
assess the potential influence of advanced age on the
independent predictors of early and late mortality.

Hospital mortality was 6.2% (13 patients). Total fol-
low up was 422.5 patient-years with a mean of 26
months. Nineteen patients died during the follow up
period, equivalent of 4.5% per patient-year late mor-
tality rate. Survival including hospital death was 88 =
2%, 86 + 2% and 79 = 4 % at one, two and three years
respectively.

Eighteen variables as potential predictors of early
and late mortality were studied. Predictors of hospi-
tal mortality were determined by logistic regression
analysis, and those of late mortality by the Cox pro-
portional hazard model. Results were expressed as

Predictors of mortality in aortic valve replacement
have been the subject of several reports. Craver (1) ina
study including 1,148 patients between 1975 and 1987
proved that age and emergency surgery were predic-
tive factors of perioperative mortality. Scott’s study (2)
on 1,479 patients between 1967 and 1981 revealed in the
aortic stenosis subgroup (n=432) age, NYHA function-
al class, renal dysfunction, congestive heart failure,
atrial fibrillation, emergency surgery and myocardial
infarction as independent predictors of operative mor-
tality in univariate analysis. Multivariate analysis iden-
tified only age over 70 years, advanced functional class
and the presence of renal dysfunction. Between 1972
and 1986, Lytle (3) studied a population of 1,689
patients of whom 762 underwent operation for pure
aortic stenosis. Age over 70, functional class III-IV,
renal dysfunction and preoperative atrial fibrillation
were independently associated with increased hospital
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odds ratio (OR) or relative risk (RR).

Age greater than 70 years (OR = 9.8,95% CI=1.2 to
80) and emergency surgery (OR =8, 95% CI =2.1to 31)
appeared as independent predictors of hospital mor-
tality in multivariate analysis. Age above 75 years
(RR = 3, 95% CI = 1.1 to 8.3), preoperative acute pul-
monary edema (RR = 2.9, 95% CI = 1.1 to 7.7) and
emergency surgery (RR =4.2,95% CI =1.2 to 15) were
independent, fated with d late sur-
vival. Advanced functional class (NYHA III-IV) was
shown to be an independent predictor of early or late
mortality only in univariate analysis.

It is concluded that the apparent change in patient
population requiring valve replacement for aortic
stenosis has not notably changed the predictive fac-
tors of early and late surgical mortality.
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mortality. Age, left ventricular function, coronary dis-
ease, renal dysfunction, type of prosthesis (bioprosthe-
ses had a better prognosis than mechanical valves),
were associated with late mortality.

The increasing life expectancy of the general popula-
tion and the widespread acceptance of non-invasive
diagnostic methods, particularly Doppler echocardiog-
raphy, brought about a considerable increase in the fre-
quency of diagnosed calcific aortic stenosis in the elder-
Iy who, in the past, were only rarely subjected to
cardiac catheterization, hence remained without a
hemodynamic diagnosis. As surgical treatment was
considered to be too aggressive for these newly emerg-
ing old patients, percutaneous aortic valvuloplasty was
initially proposed but soon abandoned because of the
less than optimum results (4,5). As a consequence, sur-
gical intervention became the method of choice for the
treatment of senile aortic stenosis increasing signifi-
cantly the age of patients undergoing aortic valve
replacement.

In a search to confirm or otherwise the validity of
previously established risk factors in the current elder-
1y patient population, 18 potentially prognostic preop-

© Copyright by ICR Publishers 1995




[image: image2.jpg]] Heart Valve Dis
Vol.4.No. 3

May

5

Predictive factors in aortic stenosis 269
S. Chocron et al.

Table I: Determinants of hospital deaths. Univariate analysis.

Variable Class  No.Deaths/ Odds  95% CI
otal -ratio

<70 1/90 1

Age
>70 12/118 10 1.27-80
M 8/123 1

Sex
E 5/85 09 0.28-2.8
No 7/138 1

HT
Yes 6/64 17 0.56-5.4
No 11/174 1

Diabetes
Yes 2/34 1.08 0.22-5.2
No 8/104 1

Angina
Yes 5/104 16 052-5.2
No 12/141 1

Syncope
Yes 1/54 47 0.58-50
-1 2/116 1

FC
-1V 11/92 7.7 1.6-36
No 4/149 1

APE
Yes 9/59 65 1922
No 11/177 1

AF
Yes 2/31 1.04 0.22-5
<60 3/108 1

GRAD
>60 10/100 34 0.9-13
No 7/99 1

AR
Yes 6/108 13 041-4
Good  7/146 1

VENT
Poor 6/58 23 0.75-7.3
<110 6/144 1

CREAT
>110 7/64 29 0.94-9.2
No 8/189 1

Emergency
Yes 5/19 8 2.3-28
<50 6/107 1

Clamp
>50 7/101 12 0.40-3.9
<80 5/113 1

CBP
>80 8/95 2 0.62-6.3

Valve Jude 3/115 1
Carp  10/93 45 1217

Size <21 3/52 1
>21 10/156 11 0.3-42

Table II: Determinants of hospital deaths. Multivariate

analysis.
Variable Class Odds-ratio 95% CI
<70 1
AGE
>70 9.8 1.2-80
No 1
Emergency
Yes 8.1 2.1-31
<60 1
GRAD
>60 34 0.8-14
- 1
FC
v 27 0.45-16
No 1
APE
Yes 1.8 0.36-9
<110 1
CREAT
>110 2 0.5-7.4
Valve Jude 1
Carp 18 03-11

HT: Hypertension; FC: NYHA functional class; APE:
Acute pulmonary edema; AF: Atrial fibrillation; GRAD:
Mean left ventricle-aorta gradient; AR: Aortic regurgita-
tion; VENT: Left ventricle status; CREAT: Serum level of
creatinine; CLAMP: Aortic cross-clamp time; CPB: Car-
diopulmonary bypass time; Jude: Saint-Jude prosthesis;
Carp: Carperitier-Edwards bioprosthesis.

APE: Acute pulmonary edema; FC: NYHA functional
class; GRAD: Mean gradient left ventricle-aorta; CREAT:
Serum level of creatinine; Jude: Saint-Jude prosthesis;
Carp: Carpentier-Edwards bioprosthesis.

erative and operative variables were chosen from sim-
ilar studies in the literature, and their relationship with
hospital and late mortality in our experience was stud-
ied.

Patient material and methods

Between January 1989 and October 1992, 208 consecu-
tive, isolated aortic valve replacements were complet-
ed for hemodynamically significant calcified aortic
stenosis (AS) at the Saint Jacques Hospital, Besancon,
France. Patients with concomitant coronary heart dis-
ease were excluded from the study. The 18 potentially
prognostic preoperative and operative variables com-
piled from previous publications (1-3) and assessed as
independent risk predictors are listed in Table I.

There were 123 male and 85 female patients with a
mean age of 70 + 9 years. One hundred and eighteen
patients were over 70 years (56%). One hundred and
four patients (50%) suffered from angina, 54 (26%) had
at least one previous syncope, 59 (28%) reported acute
pulmonary edema in the past history and 92 (44%)
were in NYHA class III-IV. One hundred and eight
patients (52%) had associated aortic regurgitation.
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Table I1I: Determinants of late deaths. Univariate analysis.
Variable Class  No. Deaths/ Relative 95% CI

Total Risk o
<70 5/89 1
AGE
>70 14/106 26 0.95-7.41
M 9/115 1
Sex
E 10/80 15 0.60-3.7
No 11/131 1
HT
Yes 8/64 15 0.62-3.8
No 13/163 1
Diabetes
Yes 6/62 29 1.1-7.8
No 9/96 X
Angina
Yes 10/89 1.1 0.45-2.7
No 14/141 1
Syncope
Yes 5/54 12 043-3.3
- 8/114 1
FC
-1V 11/81 2 1.15-3.6
No 8/145 1
APE
Yes 11/50 43 1.75-10.8
No 12/166 1
AF
Yes 7/29 38 1598
<60 11/105 1
GRAD
>60 8/90 13 0.54-3.4
No 9/92 1
AR
Yes 10/102 1.06 0.59-
L7
Good  8/139 1
VENT
Poor 11/52 23 1.40-37
<110 11/138 1
CREAT
>110  8/57 21 0.83-5.34
No 15/181 1
Emergency
Yes 4/14 5 1.6-15.3
<50 7/101 1
CLAMP
>50 12/94 13 0.52-3.5
<80 8/108 1
CBP
>80 11/87 12 0.48-3.1
Valve' Jude 6/112 1
Carp  13/83 238 1.09-7.6
Size <21 6/49 1
>21 13/146 0.7 0.26-1.8

HT: Hypertension; FC: NYHA functional class; APE:
Acute pulmonary edema; AF: Atrial fibrillation; GRAD:
Mean gradient left ventricle-aorta; AR: Aortic regurgita-
tion; VENT: Left ventricle status; CREAT: Serum level of
creatinine; CLAMP: Aortic clamp time; CPB: Cardiopul-
monary bypass time; Jude: Saint-Jude prosthesis; Carp:
Carpentier-Edwards bioprosthesis.
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Table 1V: Determinants of late deaths. Multivariate analysis.
Model B.

Variable Class Relative Risk ~ 95% CI
<75 1

Age
>75 3 1.1-8.3
No 1

Emergency
Yes 4.2 1.2-15
Good 1

VENT
Poor 16 0.85-2.9
I-II 1

FC v 14 071-2.7
No 1

APE
Yes 29 11-7.7
No 1

Diabetes
Yes 25 0.77-8
No i

AF
Yes 24 0.86-6.5

APE: Acute pulmonary edema; FC: NYHA functional
class; VENT: left ventricular status; AF: atrial fibrillation.

Echocardiographic signs of poor left ventricular func-
tion were present in 58 patients (28%). Nineteen
patients (9%) underwent emergency surgery.

Ninety-three Carpentier-Edwards porcine biopros-
theses (45%) and 115 Standard St. Jude Medical valves
(55%) were implanted.

Age, sex, angina, syncope, dyspnea, functional class
according to NYHA classification, acute pulmonary
edema in the past history, and atrial fibrillation were
recorded as clinical data. Mean aortic valve gradient,
associated aortic regurgitation (AR) and immediate pre-
operative left ventricular function were assessed by
Doppler echocardiography. The ventricular function was
denoted as poor if the shortening fraction was below 25%.

perative serum creatinine level and y
surgery were also c d. Emergency op
were performed in the case of heart failure with a dilat-
ed left ventricle and when syncope was reported in the
absence of left ventricular hypertrophy.

The assessed operative data were aortic cross-clamp
time, cardiopulmonary bypass duration, method of
myocardial protection, and type and size of the
implanted valve.

Opeunve technique
v bypass was

d between
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the right atrium and the ascending aorta. Myocardial
protection was achieved by systemic hypothermia at
30°C and 4°C crystalloid cardioplegia with topical cool-
ing. The cardioplegia solution was Plegisol from Janu-
ary 1989 to July 1990 and Saint-Thomas’ solution since
August 1990.

With the exception of a few cases, Carpentier-
Edwards porcine bioprosthesis was implanted in
patients aged 75 years and over. All other patients
received a Standard St. Jude Medical prosthesis.

Follow up

All hospital survivors were examined at our out-
patient clinic three months after surgery to evaluate
functional class, transprosthetic gradient, possible
prosthetic regurgitation and to exclude pericardial
effusion. A questionnaire was sent to all patients on
December 15, 1992 to determine the number of late sur-
vivors. One hundred and fifty-nine replies were
received. Of those who did not reply, 28 were person-
ally contacted, and official records were consulted in
the eight remaining cases. No patient was lost to follow
up. Total follow up was 422.5 patient-years with a
mean of 26 months.

Statistical analysis

Valve sizes were classed in two groups: less than or
equal to #21 mm and greater than #21 mm. Functional
class according to the NYHA classification was divided
into two groups: I-1 and III-IV. As reported by Craver
and Lytle (1,3), the cut-off point for age comparison
was 70 years. Other variables were divided into two
groups separated by the relevant median value.

Predictors of perioperative and late deaths were
independently analyzed. The statistical analysis was
performed with the BMDP statistical software package
(BMDP Statistical Software, Inc. Los Angeles, Califor-
nia).

Predictors of hospital mortality were determined by
uni- and multivariate logistic regression analysis (6).
Variables with a p-value of less than or equal to 0.10 in
univariate analysis were included in the multivariate
model. Analysis of late death was completed by the
Cox proportional hazards model (7) both in a univari-
ate and a multivariate manner. Variables with a p-
value of less than or equal to 0.10 in univariate analysis
were included in the multivariate model.

The hypothesis of proportional hazards was verified
according to Moreau, O'Quigley and Mesbah's method (8).

Results

Hospital mortality
Thirteen deaths occurred during the hospital stay or
within 30 days (eight males, five females). Twelve were
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over 70 years old (92%), nine (70%) had previous pul-
monary edema and 11 (84%) were in functional class
TII-1V at the time of surgery.

Five hospital deaths were due to postoperative low
cardiac output, one to septic shock, and two to mesen-
teric infarction. There were two cases of heparin relat-
ed thrombopenia with extensive thrombosis of the
right atrium and superior vena cava in one case and
extensive thrombosis of the aorta in the other. One
patient died of pulmonary embolism on postoperative
day 12, and two others after prolonged assisted venti-
lation (two months).

Univariate analysis with logistic regression revealed
the following risk factors: age above 70 years (OR = 10,
95% CI = 1.27 to 80), functional class III-IV (OR = 7.7,
95% CI = 1.6 to 36), occurrence of acute pulmonary
edema during the course of the disease (OR = 6.5, 95%
CI=1.9t022), emergency surgery (OR=8,95% CI=2.3
to 28) and Carpentier-Edwards bioprostheses implan-
tation (OR = 4.5,95% CI = 1.2 to 17) (Table I).

Age above 70 years and emergency surgery were
independent predictors of hospital death in multivari-
ate analysis (Table II). Relative risk of patients over 70
compared to patients under 70 was 9.8 with a 95% con-
fidence interval from 1.2 to 80. The relative risk of
emergency surgery compared to elective surgery was
8.1 with a 95% confidence interval from 2.1 to 31.

Late mortality

Nineteen patients died during the follow up period,
equivalent of 4.5% per patient-year late mortality rate.
Survival including hospital death was 88 2%, 86 2%
and 79 + 4% at one, two and three years respectively.

Univariate analysis of the survival curves (Table III)
showed presence of diabetes mellitus (RR = 2.9, 95% CI
=1.1t07.8), functional class III-IV (RR =2, 95% CI = 1.1
to 3.6), preoperative pulmonary edema (RR = 4.3, 95%
CI=1.7 to 10), preoperative atrial fibrillation (RR = 3.8,
95% CI = 1.5 to 9.8), poor left ventricular function as
assessed by echocardiography (RR = 2.3,95% CI = 1.4
to 3.7), emergency surgery (RR =5, 95% CI = 1.6 to 15)
and implantation of a Carpentier-Edwards valve (RR =
2.8,95% CI = 1.09 to 7.6) as independent risk factors.

Only 191/195 patients were included in the multi-
variate analysis as four patients did not have proper
data on left ventricular function. Two different models
were used for multivariate analysis (vide infra).

Model A revealed emergency surgery (RR = 4.4, 95%
CI = 1.2 to 16), pulmonary edema (RR = 2.9, 95% CI =
1.04 to 8.3) and implantation of a Carpentier-Edwards
valve (RR = 3.8, 95% CI = 1.3 to 11) as risk factors for
late mortality.

As age was a potential confounding factor in the
relationship  between Carpentier-Edwards ~ valve
implantation and long term survival (these bioprosthe-
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ses were implanted in patients over 75 except in a few,
special cases), another model (B) was created, setting
the age boundary between the two groups at 75 instead
of 70 years.

In model B (Table 1V), age over 75 years (RR = 3, 959
CI = 1.1 to 8.3), pulmonary edema (RR = 2.9, 95% CI
1.1 to 7.7) and emergency surgery (RR = 4.2, 95% CI =
1.2 to 15) were associated with decreased late survival.
The implantation of a Carpentier-Edwards valve was
no longer a significant risk factor (RR =1.7,95% C1=0.3
to 10).

Both models accurately represented the data (p =
0.0001). The type of crystalloid cardioplegia did not
affect hospital or late mortality.

2

1

Prosthesis function

Ninety-eight percent of the 195 hospital survivors
were in NYHA class I or Il three months after surgery.

The average transprosthetic mean gradient estimat-
ed by Doppler echocardiography was 11.8 = 4.7
mmHg. It was significantly higher for prostheses with
a diameter smaller than or equal to 21 mm (14.5+6) as
opposed to those larger than 21 mm (11 = 4; p<0.001).
No significant differences were observed between St.
Jude Medical and Carpentier-Edwards valves even
when similar sizes were compared, but no particular
attention was paid to this findings because of the
known overestimation of gradients by echocardiogra-
phy across St. Jude Medical valves in the aortic posi-
tion. Five patients showed a prosthetic leak graded
2/4.

Discussion

One of the unexpected consequences of percutaneous
aortic valvuloplasty has been to direct more and more
elderly patients to surgery, especially since Doppler
echocardiography abolished the risk of hemodynamic
diagnosis previously unavoidable with cardiac
catheterization. Consequently, a population which
until recently followed the natural evolution of calci-
fied AS is now referred to surgery. Recent publications
report a clearly increasing patient age (9,10). From 1984
to 1986, Lytle (3) observed that 30% of patients were
over 70 years old (94/307) whereas in our series, from
1989 to 1992, 56% of patients were over 70 years old
(118/208).

Age as a risk factor is commonly reported (1-3, 11-
16). However, there are many risk factors which are
more or less closely related to age. Functional Class I1I-
IV is more frequent in elderly patients (2,3,10) as well
as emergency hospitalization (1).

It is noteworthy that 12 out of 13 deaths occurred in
patients over 70 years old. The higher risk in old
patients could lead one to a more restrictive selection in
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this population. Nonetheless, Acar (17) evaluated the
mean survival following the first congestive heart fail-
ure: all patients died within two and a half years.
Therefore, surgery has been refused only for bedridden
or mentally deficient patients in ou- clinical practice.

Univariate analysis showed age, functional class III-
1V, acute pulmonary edema, emergency surgery and
implantation of a bioprosthesis predicting hospital
mortality. Multivariate analysis revealed only age and
emergency surgery. It should be noted that there is a
close relationship between age and type of prosthesis
implanted in our clinical routine.

Craver's results (1) were identical. In Scott’s (2) aor-
tic stenosis sub-group, similar results were found in
univariate analysis. In multivariate analysis, age, func-
tional class and renal dysfunction were independent
predictive variables. For Lytle (3), atrial fibrillation was
another independent risk factor.

Late results depend on the occurrence of preopera-
tive acute pulmonary edema. Scott, Lytle and Davis
(2,3,9) assessed congestive heart failure but not pul-
monary edema. We analyzed and compared both of
these variables. Understandably, acute pulmonary
edema appeared to be more significant since it not only
indicated a greater degree of decompensation than
congestive heart failure, but also the failure of medical
treatment.

Scott and Lytle (2,3) assessed left ventricular func-
tion by angiography. In our study, Doppler echocar-
diography was used instead. Furthermore, though all
our patients underwent coronary angiography, the
aortic gradient was never measured invasively because
of the reliability of Doppler echocardiography in the
assessment of the aortic valve gradient.

With the age of 70 separating the two groups, multi-
variate analysis showed emergency surgery, pul-
monary edema and bioprosthesis implantation as inde-
pendent predictors of poor late survival. A different
analysis (model B, Table IV) showed that bioprostheses
were not truly responsible. They reflected the fact that
the pejorative age limit is no longer 70 years, it moved
forward to 75 years instead.

Conclusion

Calcified aortic stenosis is a serious disease (18). In
patients under 70 vears old, aortic valve replacement is
definitely indicated, if possible before deterioration of
the left ventricular function, and has only a few con-
traindications. Surgical decision is more difficult in
patients older than 70 vears; it depends on the patient's
general and mental condition. Our results suggest that
the progressive aging of the patient population requir-
ing aortic valve replacement has not changed signifi-
cantly the predictors of early and late mortality.
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