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VALVE DISEASE

Optimizing Timing of Surgical Correction in Patients With Severe
Aortic Regurgitation: Role of Symptoms
ELIZABETH KLODAS, MD, MAURICE ENRIQUEZ-SARANO, MD, FACC,
A. JAMIL TAJIK, MD, FACC, CHARLES J. MULLANY, MD, KENT R. BAILEY, PHD,
JAMES B. SEWARD, MD, FACC
Rochester, Minnesota

Objectives. We sought to determine the independent effect of
preoperative symptoms on survival after surgical correction of
aortic regurgitation (AR).
Background. Aortic valve replacement for severe AR is recommended after New York Heart Association functional class III or
IV symptoms develop. However, whether severe preoperative
symptoms have a negative influence on postoperative survival
remains controversial.
Methods. Preoperative characteristics and postoperative survival in 161 patients with functional class I or II symptoms (group
1) were compared with those in 128 patients with class III or IV
symptoms (group 2) undergoing surgical repair of severe isolated
AR between 1980 and 1989.
Results. Compared with group 1, group 2 patients were older
(p < 0.0001), were more often female (p 5 0.001) and more often
had a history of hypertension (p 5 0.001), diabetes mellitus (p 5
0.029) or myocardial infarction (p 5 0.005) and were more likely
to require coronary artery bypass graft surgery (p < 0.0001). The

operative mortality rate was higher in group 2 (7.8%) than in
group 1 (1.2%, p 5 0.005), and the 10-year postoperative survival
rate was worse (45% 6 5% [group 2] vs. 78% 6 4% [group 1], p <
0.0001). Compared with age- and gender-matched control subjects, long-term postoperative survival was similar to that expected in group 1 (p 5 0.14) but significantly worse in group 2
(p < 0.0001). On multivariate analysis, functional class III or IV
symptoms were significant independent predictors of operative
mortality (adjusted odds ratio 5.5, p 5 0.036) and worse long-term
postoperative survival (adjusted hazard ratio 1.81, p 5 0.0091).
Conclusions. In the setting of severe AR, preoperative functional class III or IV symptoms are independent risk factors for
excess immediate and long-term postoperative mortality. The
presence of class II symptoms should be a strong incentive to
consider immediate surgical correction of severe AR.
(J Am Coll Cardiol 1997;30:746 –52)
©1997 by the American College of Cardiology

Aortic regurgitation (AR) can be corrected successfully with
aortic valve replacement (AVR) (1), but the timing of surgical
repair is disputed. Because of the relatively high incidence of
postoperative left ventricular (LV) dysfunction (2), objective
indexes of LV size and function have been recommended to
guide the timing of AVR (3– 6), but this recommendation is
not uniformly accepted (7). However, the presence of severe
symptoms is overwhelmingly agreed on as an indication for
AVR (4,8,9)—first, to relieve the symptoms (10 –12) and,
second, to avoid the grim prognosis of patients with such
symptoms when treated medically. The management of patients with milder symptoms is less clear. Recent natural
history studies have demonstrated that survival of patients with
no or mild symptoms treated medically is good (4); consequently, it has been inferred that AVR for AR can safely be
delayed until New York Heart Association functional class III

or IV symptoms or LV dysfunction occurs. However, the
natural history studies cannot provide information on the
long-term postsurgical outcome, particularly that of patients
operated on after severe (class III or IV) symptoms have
occurred. Earlier studies provided some data suggesting that
outcome of AVR for AR is mediocre when severe symptoms
are present preoperatively (6,13–16), thus implying, contrary to
the natural history studies, that surgical repair before the
occurrence of severe symptoms is preferable. However, this
inference is weakened by several problems. 1) These studies
are usually small (6,15) and based on old data (13,14,16) and
may not be applicable to current practice. 2) Severe symptoms
are rarely isolated abnormalities (17), and the absence of
adjustment for the other baseline characteristics leaves doubt
as to the independent influence of preoperative symptoms on
postoperative outcome and on the clinical management of
severe AR.
To address this issue, the outcome of patients who had
surgical correction of severe isolated AR between 1980 and
1989 was examined. We hypothesized that after adjustment for
all baseline differences and predictors of outcome, severe
symptoms represent independent predictors of worse postoperative survival.
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Abbreviations and Acronyms
AR
5 aortic regurgitation
AVR 5 aortic valve replacement
CABG 5 coronary artery bypass graft surgery
CAD 5 coronary artery disease
CI
5 confidence interval
LV
5 left ventricular
LVEF 5 ejection fraction

Methods
Patient selection. The inclusion criteria were 1) surgical
correction (repair [n 5 9] or replacement [n 5 280]) of AR
between 1980 and 1989; 2) severe AR as diagnosed by clinical
assessment in all patients and confirmed by grade III or IV
regurgitation by aortography (n 5 203) (18) or color flow
imaging (19), or both; and 3) isolated, pure, chronic AR, as
documented by echocardiography or cardiac catheterization,
or both, and by surgical assessment. Excluded were patients
with associated aortic stenosis or concomitant mitral or tricuspid valve repair or replacement. Patients undergoing coronary
artery bypass graft surgery (CABG) or aortic root replacement
at the time of the operation were not excluded. The baseline
characteristics of the 289 patients included are summarized in
Table 1. The preoperative (within 1 month before operation)
symptoms analyzed were dyspnea (ranked using the New York
Heart Association functional classification) and angina
(ranked using the Canadian Cardiovascular Society classification). Dyspnea was absent in 94 patients (class I), minimal in
80 (class II), marked in 93 (class III) and permanent in 22
(class IV). Angina was absent in 242 patients (class 0), minimal
in 21 (class II), marked in 19 (class III) and occurred with any
Table 1. Preoperative Patient Characteristics

Variable
Age
Men
Creatinine level (mg/dl)
Hypertension
Diabetes mellitus
History of smoking
History of MI
Atrial fibrillation
Presence of aneurysm
Presence of CAD
Echo LVEF (n 5 249)
Angio LVEF (n 5 137)
Aortic root
replacement
CABG

Functional
Class I/II
(n 5 161)

Functional
Class III/IV
(n 5 128)

p Value

50 6 16
139 (86)
1.14 6 0.38
29 (18)
3 (2)
70 (44)
2 (1)
23 (14)
49 (30)
18 (11)
53 6 11
51 6 12
49 (30)

61 6 14
90 (70)
1.25 6 0.52
46 (36)
9 (7)
65 (51)
10 (8)
24 (19)
37 (29)
45 (35)
49 6 14
48 6 14
34 (27)

,0.0001
0.001
0.048
0.001
0.029
0.22
0.005
0.31
0.78
,0.0001
0.013
0.18
0.47

13 (8)

41 (32)

,0.0001

Data presented are mean value 6 SD or number (%) of patients. Angio 5
angiographic; CABG 5 coronary artery bypass graft surgery; CAD 5 coronary
artery disease; Echo 5 echocardiographic; LVEF 5 left ventricular ejection
fraction; MI 5 myocardial infarction.
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activity or at rest in 7 (class IV). The combined consideration
of dyspnea and angina showed that 80 patients were asymptomatic (class I), 81 had minimal symptoms (class II), 101 had
marked exertional symptoms (class III) and 27 had rest
symptoms (class IV). Therefore, 161 patients (group 1) had no
or minimal symptoms (class I or II), and 128 patients (group 2)
had advanced symptoms (class III or IV).
The assessment of preoperative LV function was performed
within 6 months before valve replacement by echocardiography (20,21) in 249 patients and by angiography in 137.
Follow-up was complete in 98% of patients up to 1994 or until
death. Heart transplantation for heart failure was performed in
two patients during follow-up and was combined with death as
an equivalent end point. Results obtained in a subgroup of the
present series have been previously reported (22,23).
Statistical methods. Group statistics were expressed as
mean value 6 SD. Group comparisons (group 1 vs. group 2)
were performed with a standard t test or chi-square test. End
points were operative mortality (death occurring within 30 days
after the operation or within the same hospital period) and
long-term postoperative survival. Long-term survival analysis
was carried out using the Kaplan-Meier method, and groups
were compared using the two-tailed log-rank test. Comparison
between observed and expected survival of age- and gendermatched populations was performed using the one-tailed logrank test. The determinants of operative mortality and longterm survival were analyzed using logistic regressions and
proportional hazards analysis, respectively. To determine the
most appropriate prognostic separation between the four
functional classes for prognostic purposes, group variables
representing class I, class I and II and class I, II and III were
used, and backward stepwise logistic and proportional hazards
analysis was performed. The independent influence of preoperative symptoms on survival was assessed by adjusting for
baseline characteristics (Table 1) using multivariate analysis,
first with only clinical and surgical variables (clinical model)
and, second, by including separately the echocardiographic
(echocardiographic model) and angiographic (angiographic
model) LV ejection fraction (LVEF) in two separate models.
The value p , 0.15 was used for variable entry in all models for
adjustment purposes, and p , 0.05 was considered statistically
significant.

Results
The preoperative data of the patients are shown in Table 1.
Compared with patients with mild symptoms, those with
advanced symptoms were older and more likely to be women,
to have a higher creatinine level and to have a history of
hypertension, diabetes mellitus, myocardial infarction and
known significant coronary artery disease (CAD). Furthermore, they were more likely to require concomitant CABG at
the time of AVR, and they tended to display a lower preoperative LVEF (by echocardiography, p 5 0.013; by angiography, p 5 0.18).
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Figure 1. Long-term postoperative survival stratified according to
preoperative symptoms. Patients with functional class III or IV symptoms experienced significantly worse survival than patients with class I
or II symptoms.

Operative mortality. The overall operative mortality rate
was 4.2% (12 of 289 patients): 1.2% (2 of 161 patients) for
group 1 and 7.8% (10 of 128 patients) for group 2 (p 5 0.005).
On multivariate analysis, in all models, the only significant
independent predictor of operative mortality was preoperative
symptomatic status of the patient (all p , 0.015). In a model
including age, the only separation among the four functional
classes that was significant was between class I/II and class
III/IV in the backward logistic regression (p 5 0.04, adjusted
odds ratio 5.5, 95% confidence interval [CI] 1.08 to 28.2).
In patients without CAD, preoperative symptomatic status
was also the only significant independent predictor of operative mortality in all models (all p , 0.03). The operative
mortality rate was 0.7% (1 of 140) for patients in functional
class I/II and 7.3% (6 of 82) for those in class III/IV (p 5
0.007).
Long-term postoperative survival. Long-term postoperative survival rate at 5 and 10 years was 92 6 2% and 78 6 7%,
respectively, for group 1 and 72 6 4% and 45 6 4%,
respectively, for group 2 (p , 0.0001) (Fig. 1). This difference
was not due only to the difference in operative mortality,
because comparison of survival between groups 1 and 2 after
excluding the operative deaths showed a highly significant
difference (p , 0.0001). Although 10 of 31 deaths in group 1
were due to LV failure or sudden death compared with 26 of
61 deaths in patients with advanced symptoms, no significant
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difference between groups existed in the distribution of the
causes of death (p 5 0.67). Compared with the survival of ageand gender-matched general groups, long-term postoperative
survival was similar to that expected in group 1 (representing
100% and 94% of expected survival at 5 and 10 years,
respectively, p 5 0.14), but markedly diminished in group 2
(representing 84% and 64% of expected survival at 5 and 10
years, respectively, p , 0.0001) (Fig. 2). In all models (including those adjusting for LVEF), only age (p 5 0.0001) and
preoperative symptomatic status (p , 0.009) were independent
predictors of postoperative survival. The adjusted hazards ratio
for patients in class III/IV compared with those in class I/II was
1.81 (95% CI 1.16 to 2.82). In the backward proportional
hazard analysis, the only separation among the four functional
classes that was significantly associated with excess mortality
was between class III/IV and class I/II. The univariate comparison of survival showed no difference between classes I and
II (at 10 years, 80 6 5% and 77 6 6%, respectively, p 5 0.79)
or between classes III and IV (at 10 years, 45 6 6% and 47 6
12%, respectively, p 5 0.79).
Subgroup analysis. To further assess the effect on longterm survival of preoperative symptoms, the comparison between group 1 and group 2 was performed in subsets of
patients defined according to clinically important variables.
Coronary artery disease. In patients with significant CAD
(stenoses $70%) or CABG, or both, overall survival at 10
years was 76 6 11% and 39 6 8% in groups 1 and 2,
respectively (p 5 0.028) (Fig. 3). In patients without CAD,
10-year survival was 79 6 4% and 48 6 7% in groups 1 and 2,
respectively (p , 0.0001). Multivariate analysis repeated in
patients without CAD showed an independent effect of preoperative symptoms on survival, similar to the overall group
(adjusted hazard ratio 1.76, 95% CI 1.03 to 3.03, p 5 0.04) in
association with age (p 5 0.0002), diabetes mellitus (p 5 0.01),
aortic aneurysm (p 5 0.02), atrial fibrillation (p 5 0.028) and
female gender (p 5 0.02).
Gender. In men, overall survival at 10 years was 80 6 4%
and 55 6 6% in groups 1 and 2, respectively (p 5 0.0004),
whereas the corresponding survival rates for women were 73 6
11% and 21 6 9% (p 5 0.004) (Fig. 4). Compared with the
expected survival, there was no significant difference for group
1, representing 95% of that expected in men (p 5 0.30) and
88% of that expected in women (p 5 0.14) at 10 years. There

Figure 2. Long-term postoperative survival compared with ageand gender-matched populations. Overall survival was similar
to that expected in patients with functional class I or II
symptoms (right) but was markedly worse than that expected in
patients with class III or IV symptoms (left).
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Figure 3. Long-term postoperative survival stratified according to preoperative symptoms in subgroups defined
according to the presence of CAD. Patients with functional
class III or IV symptoms experienced significantly worse
survival than those with class I or II symptoms whether CAD
was present (left) or absent (right).

was a significantly reduced survival rate in group 2, representing 78% of that expected in men (p 5 0.001) and 31% of that
expected in women (p 5 0.0001) at 10 years.
LVEF. In patients with an echocardiographic LVEF
,50%, overall survival at 10 years was 73 6 7% and 40 6 9%
in groups 1 and 2, respectively (p 5 0.023) (Fig. 5). In patients
with an LVEF $50%, overall survival at 10 years was 82 6 5%
and 40 6 8% in groups 1 and 2, respectively (p , 0.0001).

Discussion
The present study revealed that in patients undergoing
AVR for severe AR, preoperative class III/IV symptoms were
associated with a significantly higher operative mortality and
worse postoperative survival in comparison with patients with
class I/II symptoms, even after adjustment for baseline characteristics on multivariate analysis. Furthermore, in comparison with expected survival, patients who were in class III or IV
preoperatively demonstrated an excess mortality after the
operation. In contrast, patients with no or minimal symptoms
(class I or II) had a remarkably low operative mortality and
excellent long-term survival, not different from that expected.
Symptoms of AR and outcome. In patients with severe AR,
symptoms are major determinants of outcome. Natural history
studies have reported high mortality rates in patients with
severe AR who experience symptoms of heart failure and
remain without an operation (24,25). This dismal spontaneous
survival rate and the marked symptomatic improvement provided by AVR (1) have led to the consensus that these
symptomatic patients should be offered an operation without
delay (13,26,27). However, with the exclusive use of this classic

Figure 4. Long-term postoperative survival stratified according to preoperative symptoms in subgroups defined
according to gender. Male (left) and female (right) patients
with class III/IV symptoms experienced significantly worse
survival than those with class I or II symptoms.

indication for surgical repair, irreversible LV dysfunction was
frequent postoperatively (16) and was related to preoperative
LV dysfunction (2,28), which had developed silently during the
asymptomatic phase of the natural history of AR (10,29).
Therefore, objective indices of LV size and function have been
recommended for timing of AVR for AR in asymptomatic
patients (3– 6). Although some investigators do not recognize
the validity of the LV predictors of outcome (7) and some
contest the concept of surgical repair in asymptomatic patients
(9), early operation in asymptomatic patients has been accepted and applied worldwide (22,26,30 –32). Therefore, the
current recommendations for surgical repair are class III or IV
symptoms or, in asymptomatic patients, LV marked dilation or
dysfunction (4,11). These recommendations have been used as
end points in a randomized trial of vasodilators (33).
However, certain issues regarding the symptoms of AR and
the indications for surgical repair deserve clarification. First,
patients with mild symptoms (class II) have usually been
grouped with truly asymptomatic patients (4) and followed as
such. Second, the impact of preoperative class III or IV
symptoms on long-term postoperative outcome is controversial. The observation in natural history studies that patients in
class I or II have a low mortality with medical treatment (4,11)
has been used to justify performing AVR for AR only when
class III or IV symptoms develop. However, natural history
studies cannot analyze the long-term outcome after AVR.
Whether an excess mortality is observed after AVR for AR in
patients operated on after marked symptoms have developed is
critical in timing the operation before or when the severe
symptomatic stage develops. The current published data does
not provide definitive answers regarding that point. Indeed,
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Figure 5. Long-term postoperative survival stratified according to preoperative symptoms in subgroups defined
according to preoperative LVEF. Patients with functional
class III or IV symptoms experienced significantly worse
survival than those with class I or II symptoms whether the
echocardiographic LVEF was $50% (left) or ,50% (without CAD) (right).

several investigators have pointed to higher operative mortality
rates (14,16,30) and worse postoperative survivals (6,14 –
16,30,34 –36) in patients with class III/IV symptoms preoperatively, but this has not been uniformly confirmed (28,37–39).
This lack of general agreement is related to series of small size,
mostly old and of disputable applicability to current practice,
and to the inclusion of few patients with mild symptoms. The
absence of adjustment for baseline characteristics and for
expected survival make these previous results of limited relevance to the assessment of the impact of severe symptoms on
outcome after AVR and warrant a comprehensive analysis of
this issue.
The present findings, based on a large cohort of patients
undergoing surgical repair in the current era, suggest that
patients with class III/IV symptoms before AVR for severe AR
have a worse outcome than patients with class I/II symptoms
with an excess operative mortality (odds ratio 5.5) and longterm mortality (hazards ratio 1.8). This marked impact of
severe preoperative symptoms on postoperative outcome is
confirmed by multivariate analysis, by taking into account the
expected survival and also in all subsets of patients (23). This
effect is not due only to patients in class IV preoperatively,
because patients in class III and IV have identical survival. In
contrast, in patients with no or mild preoperative symptoms,
operative mortality was low and long-term survival was similar
to that expected. This suggests that patients may have excellent
long-term outcomes if operated on early in the symptomatic
course of AR (26) and that symptoms of AR have important
physiologic significance.
Symptoms of AR: physiologic correlates. The symptoms of
AR usually occur after a long latent phase (29), even with
severe regurgitation. Although previous reports linked symptoms to increased left atrial pressure and LV dysfunction (17),
the EF of patients in the present series with class III/IV
symptoms was significantly but only mildly reduced. Therefore,
severe symptoms can occur in the absence of LV dysfunction at
rest and still carry a poor prognosis. Similarly, associated CAD
may cause symptoms (40) but is not more frequent with severe
symptoms, which carry a poor prognosis even in the absence of
CAD. Other physiologic abnormalities are probably associated
with the occurrence of overt symptoms. Left ventricular systolic dysfunction with exercise (41) or diastolic dysfunction
(42,43) may lead to the occurrence of symptoms but are
difficult to analyze (44) because of the volume overload of

patients with AR. Nevertheless, severe symptoms, even poorly
explained, probably reveal profound physiologic changes that
translate into an excess incidence of complications and death
long after the correction of the AR and, thus, clinically should
be avoided if possible.
LV dysfunction. Preoperative EF was not an independent
predictor of postoperative outcome in the current study. This
likely was due to the inclusion of a notable number of women,
although AR principally affects men (45). Preoperative LV size
and function were significant predictors of outcome in groups
composed mainly of men (3– 6,22), but not in a recent study of
women with AR (23). When the present analysis was limited to
men, the additional prognostic significance of preoperative LV
function was confirmed in men. However, this does not affect
the present study, because preoperative class III-IV symptoms
were associated with an excess mortality in all subsets of
patients.
Clinical implications. Because of the major benefit provided by surgical repair in patients in functional class III or IV,
in comparison with medical treatment, patients with severe AR
and advanced symptoms should continue to be offered an
operation.
However, because of the excess postoperative mortality
observed in classes III and IV, as compared with classes I and
II, patients should preferentially be operated on before the
severe symptoms develop. The very low operative mortality
and excellent long-term survival, equivalent to expected survival, despite the presence of the aortic prosthesis, in patients
in functional class I or II are further incentives to perform the
operation at the less symptomatic stage. In view of the
equivalent survival in classes I and II, the indications for
surgical repair in patients with no or minimal symptoms can be
summarized as follows: 1) class I and LV dysfunction
(2,4,23)—preoperative LV dysfunction is associated with an
excess late mortality in men (22) and a lower postoperative
LVEF in both men and women (2,23) and therefore should be
considered as an indication for surgical repair; 2) class I and
extreme LV dilation (4,22)— because severe LV enlargement
has been associated with sudden death (4), surgical repair in
these patients appears to be a reasonable option, particularly
in view of the good postoperative outcome observed (22); 3)
class II symptoms—that is, even minimal dyspnea or angina.
The essential conditions to perform an early operation in
patients with no or minimal symptoms are, first, that the
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degree of AR be defined as severe (at best, using quantitative
methods) (46) and, second, that the risk of operation be low. In
asymptomatic patients with preserved LV function and no
severe ventricular dilation, no clear justification currently exists
for surgical intervention, but additional natural history studies
should further define the risk with medical treatment, particularly the risk of sudden death.
Study limitations. The present study did not investigate
the natural history of patients with class I or II symptoms and
thus cannot analyze the rate of progression to higher symptomatic classes. However, the predictability of symptomatic
progression is usually poor (4,47,48); therefore, all patients in
class II should be considered at risk for entering functional
class III or IV, with the attached excess mortality noted in the
present study. Future natural history studies should analyze the
risk of direct progression from class I to class III and IV to
make further recommendations in these patients. Also, because patients were older in the more symptomatic group, it
may be argued that lead time bias accounted for part of the
survival benefit in mildly symptomatic patients. However, there
was a wide variation of age in all symptomatic classes, and after
adjustment for age and for possible confounding variables in
the analysis of survival, symptomatic status remained a major
predictor of outcome. This was also confirmed by comparing
survival with expected survival, which demonstrated an excess
mortality in severely symptomatic patients, in contrast to
survival that was equivalent to that expected in patients with no
or minimal symptoms. Therefore, patients with severe symptoms display an excess postoperative mortality independent of
age at operation, and this should be taken into account in
clinical decision making.
Conclusions. In patients with severe chronic AR, the presence of preoperative functional class III/IV dyspnea or angina
is an independent determinant of excess postoperative immediate and long-term mortality. The presence of minimal functional class II symptoms is associated with a very low operative
mortality and excellent long-term survival and should be a
strong incentive to consider immediate surgical correction of
severe AR.

References
1. McGoon MD, Fuster V, McGoon DC, Pumphrey CW, Pluth JR, Elveback
LR. Aortic and mitral valve incompetence: long-term follow-up (10 to 19
years) of patients treated with the Starr-Edwards prosthesis. J Am Coll
Cardiol 1984;3:930 – 8.
2. Vahanian A, Luxereau P, Ducimetiere P, Roger V, Acar J. Late myocardial
dysfunction after valve replacement in aortic regurgitation: features and
pre-operative markers. Z Kardiol 1986;75 Suppl 2:108 –13.
3. Henry WL, Bonow RO, Rosing DR, Epstein SE. Observations on the
optimum time for operative intervention for aortic regurgitation. II. Serial
echocardiographic evaluation of asymptomatic patients. Circulation 1980;61:
484 –92.
4. Bonow RO, Lakatos E, Maron BJ, Epstein SE. Serial long-term assessment
of the natural history of asymptomatic patients with chronic aortic regurgitation and normal left ventricular systolic function. Circulation 1991;84:
1625–35.
5. Ross J Jr. Left ventricular function and the timing of surgical treatment in
valvular heart disease. Ann Intern Med 1981;94:498 –504.

751

6. Sheiban I, Trevi GP, Casarotto D, et al. Aortic valve replacement in patients
with aortic incompetence: preoperative parameters influencing long-term
results. Z Kardiol 1986;75 Suppl 2:146 –54.
7. Daniel WG, Hood WP Jr, Siart A, et al. Chronic aortic regurgitation:
reassessment of the prognostic value of preoperative left ventricular endsystolic dimension and fractional shortening. Circulation 1985;71:669 – 80.
8. Rahimtoola SH. Valve replacement should not be performed in all asymptomatic patients with severe aortic incompetence. J Thorac Cardiovasc Surg
1980;79:163–72.
9. Schwarz F, Ehrmann J, Olschewski P, Scheurlen H, Saggau W, Kubler W.
Patients with significant aortic incompetence should not be operated on until
they are symptomatic. Z Kardiol 1986;75 Suppl 2:133– 6.
10. Smith HJ, Neutze HM, Roche AH, Agnew TM, Barratt-Boyes BG. The
natural history of rheumatic aortic regurgitation and the indications for
surgery. Br Heart J 1976;38:147–54.
11. Tornos MP, Permanyer-Miralda G, Evangelista A, et al. Clinical evaluation
of a prospective protocol for the timing of surgery in chronic aortic
regurgitation. Am Heart J 1990;120:649 –57.
12. Zile MR. Chronic aortic and mitral regurgitation: choosing the optimal time
for surgical correction. Cardiol Clin 1991;9:239 –53.
13. Isom OW, Dembrow JM, Glassman E, Pasternack BS, Sackler JP, Spencer
FC. Factors influencing long-term survival after isolated aortic valve replacement. Circulation 1974;50 Suppl II:II-154 – 62.
14. Pilegaard HK, Lund O, Nielsen TT, Knudsen MA, Magnussen K. Early and
late prognosis after valve replacement in aortic regurgitation: preoperative
risk stratification and reasons for a more aggressive surgical approach.
Thorac Cardiovasc Surg 1989;37:231–7.
15. Pugliese P, Negri A, Muneretto C, et al. Aortic insufficiency: a multivariate
analysis of incremental risk factors for operative mortality and functional
results. J Cardiovasc Surg (Torino) 1990;31:213–9.
16. Acar J, Luxereau P, Ducimetiere P, Cadilhac M, Jallut H, Vahanian A.
Prognosis of surgically treated chronic aortic valve disease: predictive
indicators of early postoperative risk and long-term survival based on 439
cases. J Thorac Cardiovasc Surg 1981;82:114 –26.
17. Kraus F, Dacian S, Hall D, Klein U, Rudolph W. Relationship between
symptoms and hemodynamics associated with regurgitant lesions of the
aortic or mitral valve. Z Kardiol 1986;75 Suppl 2:137– 40.
18. Sellers RD, Levy MJ, Amplatz K, Lillehei CW. Left retrograde cardioangiography in acquired cardiac disease: technique, indications and interpretations in 700 cases. Am J Cardiol 1964;14:437– 47.
19. Perry GJ, Helmcke F, Nanda NC, Byard C, Soto B. Evaluation of aortic
insufficiency by Doppler color flow mapping. J Am Coll Cardiol 1987;9:
952–9.
20. Rich S, Sheikh A, Gallastegui J, Kondos GT, Mason T, Lam W. Determination of left ventricular ejection fraction by visual estimation during
real-time two-dimensional echocardiography. Am Heart J 1982;104:603– 6.
21. Quinones MA, Waggoner AD, Reduto LA, et al. A new, simplified and
accurate method for determining ejection fraction with two-dimensional
echocardiography. Circulation 1981;64:744 –53.
22. Klodas E, Enriquez-Sarano M, Tajik AJ, Mullany CJ, Bailey KR, Seward JB.
Aortic regurgitation complicated by extreme left ventricular dilatation:
long-term outcome after surgical correction. J Am Coll Cardiol 1996;27:
670 –7.
23. Klodas E, Enriquez-Sarano M, Tajik AJ, Mullany CJ, Bailey KR, Seward JB.
Surgery for aortic regurgitation in women— contrasting indications and
outcomes as compared with men. Circulation 1996;94:2472– 8.
24. Turina J, Hess O, Sepulcri F, Krayenbuehl HP. Spontaneous course of aortic
valve disease. Eur Heart J 1987;8:471– 83.
25. Spagnuolo M, Kloth H, Taranta A, Doyle E, Pasternack B. Natural history
of rheumatic aortic regurgitation: criteria predictive of death, congestive
heart failure, and angina in young patients. Circulation 1971;44:368 – 80.
26. Turina J, Turina M, Rothlin M, Krayenbuehl HP. Improved late survival in
patients with chronic aortic regurgitation by earlier operation. Circulation
1984;70 Suppl I:I-147–52.
27. O’Rourke RA, Crawford MH. Timing of valve replacement in patients with
chronic aortic regurgitation. Circulation 1980;61:493–5.
28. Cunha CL, Giuliani ER, Fuster V, Seward JB, Brandenburg RO, McGoon
DC. Preoperative M-mode echocardiography as a predictor of surgical
results in chronic aortic insufficiency. J Thorac Cardiovasc Surg 1980;79:256 –
65.
29. Goldschlager N, Pfeifer J, Cohn K, Popper R, Selzer A. The natural history

752

30.

31.

32.

33.

34.

35.

36.

37.

38.

KLODAS ET AL.
SYMPTOMS OF AORTIC REGURGITATION

of aortic regurgitation: a clinical and hemodynamic study. Am J Med
1973;54:577– 88.
Cormier B, Vahanian A, Luxereau P, Kassab R, Acar J. Should asymptomatic or mildly symptomatic aortic regurgitation be operated on? Z Kardiol
1986;75 Suppl 2:141–5.
Bonow RO, Picone AL, McIntosh CL, et al. Survival and functional results
after valve replacement for aortic regurgitation from 1976 to 1983: impact of
preoperative left ventricular function. Circulation 1985;72:1244 –56.
Stone PH, Clark RD, Goldschlager N, Selzer A, Cohn K. Determinants of
prognosis of patients with aortic regurgitation who undergo aortic valve
replacement. J Am Coll Cardiol 1984;3:1118 –26.
Scognamiglio R, Rahimtoola SH, Fasoli G, Nistri S, Dalla Volta S. Nifedipine in asymptomatic patients with severe aortic regurgitation and normal
left ventricular function. N Engl J Med 1994;331:689 –94.
Samuels DA, Curfman GD, Friedlich AL, Buckley MJ, Austen WG. Valve
replacement for aortic regurgitation: long-term follow-up with factors influencing the results. Circulation 1979;60:647–54.
Skupin M, Klepzig H, Beyersdorf F, Elsaesser H, Kaltenbach M, Satter P.
Late results of prosthetic valve replacement for aortic regurgitation and the
prognostic significance of the end-diastolic and regurgitated blood volumes.
Thorac Cardiovasc Surg 1988;36:326 –31.
Cohn PF, Gorlin R, Cohn LH, Collins JJ Jr. Left ventricular ejection fraction
as a prognostic guide in surgical treatment of coronary and valvular heart
disease. Am J Cardiol 1974;34:136 – 41.
Gaasch WH, Carroll JD, Levine HJ, Criscitiello MG. Chronic aortic
regurgitation: prognostic value of left ventricular end-systolic dimension and
end-diastolic radius/thickness ratio. J Am Coll Cardiol 1983;1:775– 82.
Louagie Y, Brohet C, Robert A, et al. Factors influencing postoperative
survival in aortic regurgitation: analysis by Cox regression model. J Thorac
Cardiovasc Surg 1984;88:225–33.

JACC Vol. 30, No. 3
September 1997:746 –52

39. Schwarz F, Flameng W, Langebartels F, Sesto M, Walter P, Schlepper M.
Impaired left ventricular function in chronic aortic valve disease: survival and
function after replacement by Björk-Shiley prosthesis. Circulation 1979;60:
48 –58.
40. Ramsdale DR, Bray CL, Bennett DH, Ward C, Beton DC, Faragher EB.
Routine coronary angiography is unnecessary in all patients with valvular
heart disease. Z Kardiol 1986;75 Suppl 2:61–7.
41. Iskandrian AS, Hakki AH, Manno B, Amenta A, Kane SA. Left ventricular
function in chronic aortic regurgitation. J Am Coll Cardiol 1983;1:1374 – 80.
42. Villari B, Campbell SE, Hess OM, et al. Influence of collagen network on left
ventricular systolic and diastolic function in aortic valve disease. J Am Coll
Cardiol 1993;22:1477– 84.
43. Magid NM, Wallerson DC, Borer JS, et al. Left ventricular diastolic and
systolic performance during chronic experimental aortic regurgitation. Am J
Physiol 1992;263:H226 –33.
44. Oh JK, Hatle LK, Sinak LJ, Seward JB, Tajik AJ. Characteristic Doppler
echocardiographic pattern of mitral inflow velocity in severe aortic regurgitation. J Am Coll Cardiol 1989;14:1712–7.
45. Olson LJ, Subramanian R, Edwards WD. Surgical pathology of pure aortic
insufficiency: a study of 225 cases. Mayo Clin Proc 1984;59:835– 41.
46. Enriquez-Sarano M, Bailey KR, Seward JB, Tajik AJ, Krohn MJ, Mays JM.
Quantitative Doppler assessment of valvular regurgitation. Circulation 1993;
87:841– 8.
47. Siemienczuk D, Greenberg B, Morris C, et al. Chronic aortic insufficiency:
factors associated with progression to aortic valve replacement. Ann Intern
Med 1989;110:587–92.
48. Yousof AM, Mohammed MMJ, Shuhaiber H, Cherian G. Chronic severe
aortic regurgitation: a prospective follow-up of 60 asymptomatic patients.
Am Heart J 1988;116:1262–7.

