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Background and aim of the study: The management of
patients undergoing coronary artery bypass graft
(CABG) surgery with mild to moderate aortic steno-
sis (AS) remains controversial. The study aim was to
examine the outcome in patients with mild to moder-
ate AS undergoing CABG.

Methods: A retrospective analysis was carried out of
200 patients with coronary artery disease requiring
CABG and with a peak AS gradient <40 mmHg
measured by Doppler echocardiography, between
1990 and 2000. Among patients, 154 underwent iso-
lated CABG (group A) and 46 CABG + aortic valve
replacement (AVR) (group B).

Results: Mortality was 2.6% (n = 4) in group A and
6.5% (n = 3) in group B (p = NS). The median AS gra-
dients were 34 and 40 mmHg, respectively. Thirty
patients (20%) in group A were in NYHA class III-IV
compared to 20 (44%) in group B (p = 0.002). There was

With the increase in the aging population, more
patients with coronary artery disease (CAD) present
with concomitant mild to moderate aortic stenosis
(AS). The optimal management of patients with CAD
who require coronary artery bypass graft (CABG) sur-
gery and have coexisting asymptomatic mild to mod-
erate AS, remains controversial (1,2). The similarity
between symptoms of CAD and those of AS adds to
the confusion.

Some authors recommend that AVR be performed at
the time of myocardial revascularization, as studies of
the natural history of mild AS have shown that the
condition may progress to a critical stage within five
years (3). Furthermore, the risk of reoperation for AVR
in older patients who have undergone CABG with
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no significant difference in postoperative complica-
tions. The mean intensive care unit stay was 2.3 and
2.2 days, respectively (p = NS); median postoperative
stay was 6 and 8 days, respectively (p = 0.02). During
the median follow up period of 4.2 years no patient in
group A required AVR. Nine late deaths occurred in
group B, none of which was cardiac-related.
Conclusion: Morbidity and mortality in patients who
underwent combined surgery was comparable with
that in patients who had isolated CABG. However,
none of the patients who underwent only CABG
required AVR during the follow up period. It is con-
cluded that patients with mild AS at the time of
CABG should not undergo AVR. It is possible that a
cut-off AS gradient >40 mmHg should be considered
for combined surgery.
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patent grafts - often arterial - is higher (4). On the other
hand, prophylactic AVR increases the operative mor-
tality and the risk of subsequent valve-related compli-
cations.

With these concerns in mind, the present authors’
experience of the management of patients undergoing
CABG with mild to moderate AS was reviewed.

Clinical material and methods

Patients

A retrospective analysis was carried out of patients
with CAD requiring CABG and with a peak AS gradi-
ent <40 mmHg between January 1990 and January
2000. The patients were identified by matching the
CAD and echocardiographic databases. The
Department of Cardiology and Cardiac Surgery at St.
George’s Hospital and Medical School maintains a
large database of all patients. During the study period,
totals of 8,202 patients with CAD referred for surgery
and 23,985 patients with CAD who underwent
echocardiography were identified. Among 200
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patients thus selected, 154 underwent CABG (group A)
and 46 CABG plus AVR (group B).

Data acquisition

The following data were collected: age, sex, body
surface area, history of smoking, diabetes, renal
impairment, hypertension, NYHA functional class,
history of myocardial infarction, prior cardiac surgery,
urgency of operation (defined as having surgery fol-
lowing acute admission during the same hospital
stay), and angina (graded using the Canadian
Cardiovascular Society classification).

Echocardiography findings recorded included: AS
gradient (calculated by the modified Bernoulli equa-
tion), orifice area (calculated by using valve planime-
try and the continuity equation) and left ventricular
function. Many of the patients predated the routine
measurement of aortic valve area. Cardiac catheteriza-
tion data included the number of diseased vessels and
an estimation of left ventricular ejection fraction
(LVEF).

Operative data included cardiopulmonary bypass
(CPB) and cross-clamp times.
Postoperative complications recorded included low
cardiac output (identified by a need for intravenous
inotropic drugs for more than 24 h postoperatively
and/or the use of intra-aortic balloon pump), reopera-
tion for bleeding, renal failure requiring hemofiltration
or dialysis, respiratory insufficiency (need for re-intu-
bation or mechanical ventilatory support for more
than 48 h), the presence of severe wound
infection/dehiscence and cerebrovascular accident. An
overall morbidity score was calculated taking these
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complications into account. Cardiac death during fol-
low up was defined as death due to myocardial infarc-
tion, cardiac arrest, fatal ventricular arrhythmias, or
sudden unexplained death. Operative mortality was
defined as any death during hospitalization or within
30 days of surgery.

Statistical analysis

All patient characteristics were expressed as mean
values. Univariate analyses were performed with each
categorical or dichotomous variable, and data distri-
bution for continuous variables. The differences were
defined by chi-square and Mann-Whitney tests,
respectively.

Results

Both patient groups were similar with respect to the
preoperative risk factors, except for the presence of
hypertension being more common in group A. Patients
in group A were also in a more advanced stage of angi-
na, whereas those in group B were in a higher NYHA
class (Table I). The extent of CAD and frequency of
preoperative myocardial infarction were similar in
both groups.

More patients in group B had a low LVEF (<30%) and
higher AS gradients compared with patients in group
A (Table I).

The mean cross-clamp and CPB times were 37.0 +
15.9 and 82.0 + 32.0 min, and 79.0 + 25.9 and 131.0 =
42.3 min in groups A and B, respectively (p = 0.01).

There were no significant inter-group differences in
postoperative complications (Table II). Four (2.6%)

Table I: Patient characteristics.

Variable Group A Group B p-value
(n = 154) (n = 46)

Age (years)’ 67 £8.7 68 +10.5 NS
Gender ratio (M:F) 111:43 39.7 NS
BMI' 27 +4.1 26 +4.8 NS
Hypertension 92 (59.7) 15 (32.6) 0.001
Diabetes 31 (20.1) 10 (21.7) NS
Smoking 71 (44.8) 23 (50) NS
NYHA class III-IV 30 (19.5) 20 (43.5) 0.002
Angina class 3-4 111 (72.1) 19 (41.3) 0.00003
Parsonnet score 8 (6.5) 18 (9.5) 0.00
MI 22 (14.3) 4 (8.7) NS
Renal impairment 1 0 NS
Diseased vessels 2.6 2.5 NS
Urgent surgery 60 (38.9) 19 (41.4) NS
LVEF <30% 10 (6.5) 9 (19.6) 0.04

“Values are mean + SD.
Values in parentheses are percentages.

BMI: Body mass index; LVEF: Left ventricular ejection fraction; MI: Myocardial infarction; NS: Not significant.
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Table II: Morbidity and mortality.
Variable Group A Group B p-value
(n=154) (n = 46)
Peroperative death (n) 4 (2.6) 3(6.5) 0.2
Morbidity (n) 28 (18.2) 12 (26.1) 0.2
ICU stay (days)” 23+44 22+44 0.8

“Values are mean = SD.
Values in parentheses are percentages.

patients died in group A, compared with three (6.5%)
in group B (p = NS). All deaths were attributed to low
cardiac output and multi-organ failure. Follow up data
were available for a total of 188 patients (94%). During
the mean follow up period of 4.2 years (range: 6
months to 9 years), there were two deaths in group A
and nine late deaths in group B, but all were non-car-
diac-related. None of the patients in group A has
undergone redo surgery for AVR with or without
repeat CABG. Similarly, none of the patients in group
B has required redo surgery.

Discussion

Controversy persists with regard to performing con-
comitant AVR in patients undergoing CABG with mild
to moderate AS (1,2). A ‘prophylactic’ AVR obviates
the need for a future redo surgery in patients who may
be of an advanced age with patent grafts, including a
mammary graft. However, this must be balanced
against the risk of a combined CABG and AVR and
subsequent valve-related complications. One factor
that must be considered when making this decision is
the progression of mild to moderate AS.

The progressive nature of AS is well recognized (5,6).
Progression has been assessed by changes in aortic
valve area and pressure gradients. Studies have shown
that, on average, the aortic valve area decreases by
approximately 0.1-0.3 cm? per year (7,8), while the pres-
sure gradient increases by up to 10-15 mmHg per year
(3,9). The progression of stenosis is multifactorial, and
may be related to valve anatomy, leaflet calcification, or
the presence of CAD. There is considerable variability in
the rate of progression from patient to patient. For
example, those with mild AS generally have a slower
rate of progression compared to patients with more
severe disease. Likewise, progression is more rapid in
congenital bicuspid valves and slowest for rheumatic
valves (6,10). It is important to consider the size of the
patient when surgical criteria are based on aortic valve
area; that is, an aortic valve area of 1.0-1.5 cm? is gener-
ally considered as moderate AS, yet the same situation
in a small patient may represent mild AS (1).

Some groups have reported high mortality (19%) fol-
lowing AVR after previous CABG (4) in patients who
had mild to moderate AS at the time of CABG. In con-
trast, others have reported a similar risk to that for pri-
mary AVR and CABG (11). In the latter study, the
authors reported on 427 patients who underwent
AVR+CABG and 52 who underwent AVR with or
without CABG after prior CABG with mortalities of
6.3% and 7.4% respectively, and similar morbidity.
Some of the technical difficulties in the redo situation
are attributed to the handling of patent grafts (espe-
cially the internal thoracic artery) and providing satis-
factory myocardial protection with patent in-situ
arterial grafts.

Others have reported a higher mortality with subse-
quent AVR. Fighali et al. (12) and Odell et al. (13) have
shown a higher operative mortality of 14% and 17%
respectively for subsequent AVR. Others - for example
Sundt and colleagues (11) - have shown a higher mor-
tality for AVR subsequent to CABG, but these differ-
ences did not reach statistical significance. Similarly,
Fiore et al. (14) reported an operative mortality of 9%
in 175 patients following CABG+AVR, while Hoff et al.
(15) reported 23 patients who underwent AVR subse-
quent to CABG at an average of 7.6 years following the
first operation, with no perioperative deaths. In a more
recent study, Hochrein and colleagues (16) advocated
AVR at the time of CABG for patients with asympto-
matic AS or aortic incompetence. These authors based
their conclusion on a similar 30-day mortality rate
(11.2% in the AVR+CABG group, n = 44; versus 9.8% in
the CABG group, n = 62) and a high estimated need for
aortic valve reoperation in the CABG group (24.3%)
compared with 3% in the AVR+CABG group in those
followed up for six years. However, freedom from aor-
tic valve reoperation was 85.5% in the CABG and
93.5% in the AVR+CABG group, with mean times of
62.4 and 97.3 months, respectively. In all of the above
studies the average time from the initial CABG to sub-
sequent AVR + CABG was approximately eight years.
Approximately 50% of patients in these studies under-
went redo CABG at the time of the second operation.
Therefore, it is possible that they required a second
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operation for graft occlusion, and not necessarily for
significant AS. The median follow up in the present
study was 4.2 years. As the above studies have shown,
the need for redo surgery occurs at approximately five
to seven years. Therefore, it is possible that a longer
follow up is required in order to assess accurately the
need for redo surgery.

Despite some of these latter studies showing similar
results for CABG and AVR + CABG, and the safety of
a redo operation, there are disadvantages in perform-
ing combined AVR+CABG as opposed to isolated
CABG. These include a higher early and late mortality
and morbidity, including surgery for prosthetic valve
malfunction (17) at approximately 2-6% per year.

Of interest, Vaturi et al. (18) evaluated the long-term
course of aortic valve disease and the need for AVR in
patients with rheumatic mitral valve disease who
underwent mitral valve surgery. A total of 131 patients
was followed up after mitral valve surgery for a mean
period of 123 patient-years. At the time of surgery, 45%
of patients had mild aortic valve disease (5% stenosis,
44% insufficiency), and this had increased to 75% at the
end of follow up. In only six patients (5%) among the
entire cohort was AVR needed after a mean period of
21 years, and in four cases the primary indication was
prosthetic mitral valve dysfunction. These authors
concluded that mild aortic valve disease at the time of
mitral valve surgery does not progress to severe dis-
ease.

Some investigators have proposed aortic valve
repair at the time of myocardial revascularization, thus
delaying reoperation for AVR. Decalcification of the
valve has been suggested, with good short-term
results. However, the long-term outcome has been dis-
appointing due to scarring of the leaflets of the aortic
valve with resultant restenosis or regurgitation within
one to five years (19,20).

In the present study it was shown that there is no sig-
nificant difference in morbidity and mortality between
those patients who underwent CABG alone and those
who underwent CABG and AVR. None of the patients
with mild AS who underwent CABG alone required
reoperation for AVR during the (relatively short) fol-
low up period, and this reinforces the hypothesis that
mild AS progresses only slowly. It must be noted how-
ever that in the CABG group the median peak AS gra-
dient was 34 mmHg, whereas in the AVR+CABG
group this was 40 mmHg. It is concluded that patients
with mild AS at the time of CABG should not undergo
AVR. It is possible that a higher cut-off AS gradient >40
mmHg should be considered for a combined opera-
tion.

Study limitations
The end point of the present study was considered to
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be the need for redo surgery, and especially the need
for AVR in patients with primary CABG. The majority
of patients were followed up in their local hospital;
hence follow up echocardiography was performed by
different operators, and the decision to refer for redo
surgery made by different cardiologists. However, an
annual or bi-annual report has been sent to the tertiary
center. Although documentation of the valve-related
complications was incomplete, the occurrence and
cause of late deaths was double-checked with the
National Office of Population Census and Surveys.
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