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Twenty-three patients with hemodynamically sig-
nificant aortic regurgitation (AR) underwent gated
equilibrium radionuclide angiography to assess rest
and exercise left ventricular ejection fraction
(LVEF) before and after aortic valve replacement.
Preoperatively, LVEF decreased from 54 + 3% at
rest to 45 + 3% during exercise (p <0.001). Two
patients died at operation. Postoperatively, after 5.7
+ 1.6 months, LVEF was 62 + 5% atrest and 60 &
4% during exercise (difference not significant).
Exercise LVEF improved significantly postopera-

tively (p <0.01). The patients were followed for a
mean of 30 months (range 1 to 56), after valve re-
placement and during this period, 13 patients were
in functional class I, 5 patients were in class ll and
2 patients were in class lll. One late death occurred
and was unrelated to myocardial failure. Thus, in
most patients with AR, exercise LVEF improves after
aortic valve replacement. A preoperative decrease
in LVEF during exercise in patients with signifi-
cant AR does not predict a poor postoperative
outcome. (Am J Cardiol 1985;56:605-609)

The timing of valve replacement in chronic aortic
regurgitation (AR) is controversial. Several hypotheses
have been proposed concerning the development of ir-
reversible myocardial dysfunction in chronic AR and
the identification of patients at high risk for surgical
intervention.!-1! Among these is the suggestion that a
preoperative decrease in radionuclide left ventricular
(LV) ejection fraction (EF) may predict a high-risk
group of patients who may have subsequent deteriora-
tion in myocardial function after aortic valve replace-
ment.57 We evaluated the rest and exercise LVEF in
patients with chronic AR before and after aortic valve
replacement and assessed the prognostic significance
of a preoperative exercise-induced decrease in LVEF.

Methods

Sixty-two patients were identified who had undergone
aortic valve replacement between 1978 and 1982. Twenty-
three of these patients met the criteria for inclusion in our
study: (1) chronic AR with no other significant valvular dis-
ease, (2) preoperative rest and exercise radionuclide angiog-
raphy performed within 4 months of valvular replacement,
(3) cold potassium cardioplegia for myocardial preservation
during valve replacement, and (4) no history of endocarditis
or intravenous drug abuse.

Equilibrium gated radionuclide angiography was performed
with in vivo labeling of red blood cells.}213 Patients performed
symptom-limited, graded, supine exercise on a bicycle er-
gometer. Rest and peak exercise LVEF were calculated using

From the Cardiology and Nuclear Medicine Divisions, Department of
Internal Medicine, University of Michigan Medical Center, Ann Arbor,
Michigan. Manuscript received February 28, 1985; revised manuscript
received April 18, 1985, accepted April 23, 1985.

Address for reprints: Andrew J. Buda, MD, Cardiology Division,
University of Michigan Hospitals, 1405 East Ann Street, Ann Arbor,
Michigan 48109.

a commercial semiautomated, edge-detection algorithm to
determine background-corrected LV counts on a frame-by-
frame basis. All preoperative radionuclide studies were done
within 4 months of surgery and all postoperative studies were
done no earlier than 6 months after valve replacement. Wall
motion was assessed by consensus of 2 observers at rest and
during peak exercise.

All patients underwent right- and left-sided cardiac cath-
eterization preoperatively. In addition to supravalvular and
biplane LV angiography, coronary arteriography was per-
formed in all patients older than 40 years. AR was graded on
a 4+ scale using standard criteria.l4

All patients were interviewed concerning their current New
York Heart Association functional status. The patient’s
functional status and medications being used were reviewed
at that time. In addition, follow-up on any cardiac-related
complications was determined.

Results are reported as mean + standard error of the mean.
Standard statistical techniques, including Pearson’s corre-
lation coefficient and ¢ tests, were used.

Results

The results are tabulated in Table 1. The study group
included 15 men and 8 women, mean age 55 years (range
26 to 72). The mean known duration of AR was 29
months (range 0 to 144). The cause of AR was rheumatic
heart disease in 13 patients, and bicuspid aortic valve
with a perforated right cusp in 1 patient; the cause was
unknown in 9 patients, Four patients had previous
hospital admissions for congestive heart failure. The
predominant symptoms were shortness of breath with
exertion in 14 patients, chest pain in 7 patients, and
syncope in 3 patients.

Preoperative cardiac catheterization data: All
patients had at least grade 3/4 AR by aortic root cine-
angiography, with a mean severity score of 3.8. The
mean cardiac output was 5.8 £ 1.6 liters/min and LV
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end-diastolic pressure was 16 + 2 mm Hg. Six patients
had 70% or greater luminal stenosis of 1 or more major
coronary arteries. T'wo patients each had 1-, 2- and 3-
vessel disease.

Preoperative radionuclide angiographic data:
Preoperatively, LVEF at rest was 54 + 3%, and it de-
creased significantly with exercise to 45 + 3% (p <0.001)
(Fig. 1). Only 2 patients, both in New York Heart As-
sociation functional class II, had an increase in LVEF,
of 2% and 4%, respectively, with exercise. Analysis of LV
wall motion showed that wall motion worsened with
exercise in 12 patients, did not change in 10 patients and
improved in 1 patient.

Surgical results: There was only 1 perioperative
cardiac-related death: a 60-year-old man (patient 17)
with 3-vessel coronary disease died of intractable ven-
tricular tachyarrhythmias after an intraoperative
myocardial infarct. Another patient, a 66-year-old man
(patient 16), died of respiratory failure caused by bi-
lateral phrenic nerve paralysis. Twenty-one patients
had no significant perioperative complications.

Seven patients received Bjork-Shiley prosthetic
valves, 5 received Starr-Edwards valves and 11 received
porcine valves. All patients with mechanical valves re-
ceived anticoagulation therapy before discharge from
the hospital. Of the 6 patients with coronary artery
disease, 4 underwent concurrent coronary artery bypass
operation.

Postoperative radionuclide angiographic data:
In 13 of the 23 patients, postoperative rest and exercise
radionuclide angiographic studies were performed. The
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FIGURE 1. Preoperative change in left ventricular ejection fraction
(LVEF) with exercise.

studies were performed no earlier than 6 months after
aortic valve replacement and at a mean of 9.2 months.
Compared with preoperative values, there was no
postoperative change in maximal rate-pressure product
achieved (217 + 10 vs 202 + 14 mm Hg/min X 102, dif-
ference not significant [NS]). The postoperative LVEF
at rest in these 13 patients was 59 & 2%; it increased to
60 £ 4% during exercise (NS) (Fig. 2). Pre- and post-
operative LVEF at rest in these 13 patients was not
significantly different, 56 + 4% vs 62 &+ 5% (p = 0.19).
However, there was a significant increase postopera-
tively in exercise LVEF, from 48 &+ 4% to 60 £ 4% (p
<0.01) (Fig. 3). A comparison of pre- and postoperative
wall motion abnormalities showed that there was im-
provement in 7 patients, no change in 3 patients,
worsening in 1 patient, and inadequate technique pre-
cluded comparison in 2 patients. Exclusion of patients
with significant coronary artery disease or coronary
artery bypass grafts did not influence any of the post-
operative results.

Clinical follow-up: The mean patient follow-up
period of the 21 surviving patients was 30 months (range
1 to 56). The change in New York Heart Association
functional class is shown in Figure 4.

There was only 1 late death, a 59-year-old man (pa-
tient 18) with Marfan syndrome who died after aortic
root replacement 6 months after aortic valve replace-
ment. Two patients with mechanical valves had
cerebrovascular accidents despite therapeutic anti-
coagulation.
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FIGURE 2. Postoperative change in left ventricular ejection fraction
(LVEF) with exercise. NS = not significant.



wuo FAVUNUDSIO ACTER QUNUERT 1IN AURTIV BEGURGLATTION

Discussion

A major concern in chronic AR has been the devel-
opment of irreversible myocardial dysfunction, which
results in late death from congestive heart failure de-
spite technically successful valve replacement. For ex-
ample, 78% of late postoperative deaths from 1972 to
1978 at the National Institutes of Health (NIH)® were
related to chronic congestive heart failure. As a result,
several prognostic indicators related to LV dimensions
and systolic function have been proposed to aid in the
appropriate timing of surgery and in the identifica-
tion of the high-risk patient who may respond poorly
to valve replacement and have late congestive heart
failure.1-11 '

In our study, all asymptomatic patients had a de-
crease in LVEF with exercise. Previous studies®7 have
shown that most asymptomatic and symptomatic pa-
tients with chronic AR have an abnormal ejection
fraction response during maximal supine exercise. It has
been hypothesized that the decrease in radionuclide
LVEF with exercise may represent an intermediate
point between normal function and LV dysfunction at
rest.? It has been further suggested that an abnormal
exercise ejection fraction response may allow selection
of patients for operation after ventricular function has
begun to deteriorate, but before myocardial damage has
progressed to the point at which postoperative prognosis
is poor.6 However, exercise is a complex intervention
that induces changes in preload, afterload and con-
tractility, which may affect ejection fraction variably
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FIGURE 3. Comparison of preoperative and postoperative rest and
exercise left ventricular ejection fraction (LVEF).

in chronic AR.1% Thus, it is difficult or impossible to
differentiate a change in EF in chronic AR because of
marked loading perturbations from that resulting from
myocardial degenerative changes.

The primary finding in our study was that despite a
decrease in preoperative exercise LVEF, patients with
chronic AR had an excellent postoperative course. After
a mean follow-up of 30 months, no patient who survived
surgery had died or had congestive heart failure. These
data suggest that exercise-induced LV dysfunction is
compatible with a good long-term postoperative result
and does not necessarily predict a poor postoperative
course.

There is increasing evidence that exercise-induced
LV dysfunction in symptomatic patients is often re-
versible after surgery.”16:17 In a consecutive series from
1976 to 1980, 93% of patients who underwent surgery
at the NIH had an improvement in postoperative ex-
ercise LVEF.” In our series, there was a postoperative
improvement in 64% of our patients. Unlike the NIH
series, we did not find a significant improvement in the
rest LVEF, probably because our patients had generally
better LV function at rest than those of the NIH series.
However, the long-term prognosis of patients who have
an abnormal exercise LVEF before surgery has not been
previously reported.

Our survival results after aortic valve replacement
appear better than those previously reported.”18-20 This
apparent improvement in survival has several possible
explanations. First, all of our patients had cold potas-
sium cardioplegia at the time of aortic valve replace-
ment, which may have limited perioperative myocardial
damage. Many data support the concept that advances
in myocardial preservation techniques during surgery
have improved postoperative survival.3-21.22 Second,
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FIGURE 4. Changes in New York Heart Association functional class
after valve replacement.
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most of our patients with coronary artery disease un-
derwent coronary bypass grafting. Myocardial revas-
cularization may have improved long-term survival,
although the benefits of coronary bypass grafting in
patients with chronic AR remains controversial.?
Third, exercise radionuclide abnormalities may have
influenced the selection of patients for earlier operation;
6 of 23 patients were asymptomatic and 11 were only
mildly symptomatic. Recent data from the NIH!
suggest that there is a relation between the duration
that LV dysfunction has existed and the likelihood that
this dysfunction is reversible. Patients with earlier de-
velopment of LV dysfunction are more likely to dem-
onstrate normalization of LV function postoperatively
than are patients whose LV dysfunction has been
present longer than 1 year. None of our patients had
serial radionuclide studies; thus, this relation may have
influenced our survival results.

The precise role of the exercise EF response in pa-
tients with chronic AR remains to be determined. There
are limited data on serial studies of rest and exercise
LVEF in asymptomatic or symptomatic patients with
chronic AR. Thus, the prognostic significance of a
change in serial rest and exercise LVEF is uncertain.
However, our data suggest that an exercised-induced
abnormality in LVEF is common in patients being
considered for aortic valve replacement and does not in
itself predict a poor surgical result.
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