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Background. Aortic stenosis (AS) is becoming increas-
ngly common with the aging population. Many of these
atients have reduced left ventricular (LV) ejection frac-

ions (EF) or low transvalvular gradients resulting in
eluctance to offer aortic valve replacement (AVR).

Methods. Our echocardiographic database for the pe-
iod of 1993 to 2003 was screened for severe AS (aortic
alve area [AVA] < 0.8 cm2) with LVEF 0.35 or less or a
ean transvalvular gradient of 30 mm Hg or less. Chart

eviews were performed for clinical, pharmacologic, and
urgical details. Survival data were obtained from the
ocial Security Death Index and analysis was performed
sing Kaplan-Meier, Cox regression, sensitivity, and pro-
ensity score analysis.
Results. Of the 740 patients with severe AS, 194 (26%)

ad severe LV dysfunction defined as EF 0.35 or less and
68 (23%) a mean transvalvular gradient of 30 mm Hg or
ess. Low ejection fraction was not a prerequisite for a

ow gradient. The Univariate predictors of higher mor-
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ality in both groups included higher age, lower ejection
raction, renal insufficiency, and lack of aortic valve
eplacement. Lack of aortic valve replacement was a
trong predictor of mortality after adjusting for 18 clini-
al, echocardiographic, and pharmacologic variables.
here were 72 patients with EF 0.20 or less, of whom 18
ad AVR, which was associated with a large survival
enefit similar to the entire cohort. In the 52 patients with
F 0.55 or less and mean gradient less than 30 mm Hg, the
-year survival with AVR was 90% compared with 20%
ithout AVR (p < 0.0001) which was supported by
ropensity score analysis as well.
Conclusions. Severe LV dysfunction or a low transval-

ular gradient is seen in about a quarter of patients with
evere AS and there is a reluctance to offer AVR in these
atients. Aortic valve replacement is associated with a

arge mortality benefit in these patients.
(Ann Thorac Surg 2008;86:1781–90)
© 2008 by The Society of Thoracic Surgeons
ortic stenosis (AS) is the most common cause of
valve replacement and its prevalence increases

ith age and the aging population [1]. Nearly a quarter of
he severe AS patients have reduced left ventricular (LV)
jection fraction (EF) and a substantial subset have a low
ransvalvular gradient despite normal LVEF [1, 2].
hough the American College of Cardiology/American
eart Association guidelines recommend aortic valve

eplacement (AVR) for severe AS patients with LV dys-
unction, the recommendations are not clear in those
ith low transvalvular gradient [1].
There are limited outcome studies in severe AS pa-

ients with low EF. Connolly and colleagues have re-

ccepted for publication Aug 4, 2008.

ddress correspondence to Dr Pai, Division of Cardiology, Loma Linda
orted that AVR can be performed in such patients with
cceptable mortality [2, 3]. Monin and colleagues [4]
howed a mortality benefit with AVR in the 32 patients
ith contractile reserve despite low EF and low gradient

n the setting of severe AS [4]. Using propensity score
atching, Pereira and colleagues [5] showed a survival

enefit of AVR in severe AS patients with EF 0.35 or less
nd mean aortic valve gradient 30 mm Hg or less.
Low transaortic gradient despite normal EF is another

ssue where limited data exist. It occurs not only in the
etting of low EF, but many with normal EF as well, and
s shown by Hachicha and colleagues [6] portends a poor
rognosis if treated medically. Many times these patients
re misjudged to have milder degrees of AS and AVR is
ot offered.
Hence, we investigated the clinical implications and

utcomes with AVR in two separate groups of severe AS
atients from our Loma Linda AS Study database: (1) a

ontemporary group of 194 patients with severe AS and a
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VEF of 0.35 or less; and (2) 168 patients with severe AS
ith low mean transvalvular gradient (� 30 mm Hg) with

pecial emphasis on those with normal EF.

atients and Methods

atient Population
his retrospective cohort study from a large university
edical center was approved by our local institutional

eview board, which waived the need for patient consent
ecause of the retrospective study nature. The echocar-
iographic database was searched for patients with se-
ere aortic stenosis defined as a valve area less than or
qual to 0.8 cm2. This yielded a total of 740 patients. Of
hese, 194 patients had an LVEF of 0.35 or less and 168
23%) had a mean transvalvular gradient of 30 mm Hg or
ess, forming the study cohorts. Complete clinical, echo-
ardiographic, and pharmacologic data were compiled
n these patients from comprehensive chart review. The
arent database has been used to address the benefit
VR in asymptomatic individuals, those aged 80 years or
reater and those with severe pulmonary hypertension
7–10].

efinition of Clinical Variables
ypertension was defined as blood pressure greater than

30/90 mm Hg or a history of hypertension and being on
ntihypertensive medications. Diabetes mellitus was de-
ned as fasting blood sugar greater than 125 mg/dL or
eing on antidiabetic agents. Renal insufficiency was
efined as serum creatinine 2 mg/dL or greater. Coro-
ary artery disease was deemed to be present if any of

he following were present: a history of angina pectoris,
yocardial infarction, a positive stress test, angiographic

vidence of coronary artery disease, coronary interven-
ion, coronary artery bypass surgery, or presence of
ignificant Q-waves on the surface electrocardiogram.

harmacologic Data
harmacotherapy at the time of echocardiography was
ecorded. This was broadly categorized into beta block-
rs, calcium channel blockers, diuretics, angiotensin con-
erting enzyme inhibitors, digoxin, and statins.

chocardiographic Data
ll patients had complete two-dimensional echocardio-
raphic examinations. Left ventricular ejection fraction
as assessed visually by a level 3 trained echocardiogra-
her and entered into a database at the time of the
xamination. This has been shown to be reliable and has
een validated against contrast and radionuclide LV
ngiography [11, 12]. Anatomic and Doppler examina-
ions and measurements were performed according to
he recommendations of the American Society of Echo-
ardiography [13]. The transvalvular velocities were ob-
ained from at least two views aligning parallel to the

ow and using the nonimaging continuous wave trans- 0
ucer. The aortic valve area was calculated using the
ontinuity equation.

ortality Data
he endpoint of the study was all cause mortality. Mor-

ality data were obtained from the National Death Index
sing the Social Security numbers.

tatistical Analysis
he data were imported into Stat View 5.01 (SAS Institute

nc, Cary, NC) program for statistical analysis. Group
omparisons were made using the Student t test for
ontinuous variables and �2 test for categoric variables.
urvival analysis was performed using various statistical

ools such as Kaplan-Meier analysis, Cox regression
odels, propensity score analysis, and sensitivity analy-

is, as discussed later in the Results section. A p value of

able 1. Baseline Patient Characteristics of Low EF Severe
S Group as Compared With Severe AS Patients with EF
reater than 0.35

ariables
EF � 0.35
(n � 194)

EF � 0.35
(n � 546) p Value

linical variables:
Age 75 � 12 73 � 13 0.21
Males 58% 47% 0.01
Hypertension 38% 44% 0.13
Diabetes mellitus 20% 16% 0.20
Coronary artery

disease
51% 39% 0.006

Renal insufficiency 16% 9% 0.004
Chronic obstructive

pulmonary disease
13% 13% 0.94

Previous stroke 10% 11% 0.54
chocardiography:
Ejection fraction 0.25 � 0.07 0.64 � 0.11 �0.0001
LV end-diastolic

dimension (mm)
57 � 8 47 � 8 �0.0001

LV end-systolic
dimension (cm)

40 � 9 30 � 7 �0.0001

Ventricular septum
thickness (mm)

13 � 2 14 � 2 �0.0001

LV posterior wall
thickness (mm)

11 � 2 13 � 2 �0.0001

AV area (cm2) 0.67 � 0.18 0.72 � 0.17 �0.0001
Peak aortic gradient

(mm Hg)
58 � 23 71 � 24 �0.0001

Mean aortic gradient
(mm Hg)

35 � 15 44 � 16 0.0002

Pulmonary artery
systolic pressure �
60 mm Hg

42% 17% �0.001

3 or 4� mitral
regurgitation

41% 17% �0.0001

Aortic valve
replacement rate

30% 44% 0.003

S � aortic stenosis; AV � aortic valve; EF � ejection fraction;
V � left ventricular.
.05 or less was considered significant.
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esults

o retain clarity, the results are presented in two sections.
hese include: (A) severe AS patients with LVEF 0.35 or

ess; and (B) severe AS patients with transaortic mean
radients 30 mm Hg or less.

evere AS Patients With LVEF 0.35 or Less
ASELINE PATIENT CHARACTERISTICS. The baseline patient
haracteristics are summarized in Table 1. In the low EF
roup, the mean age was 75 years, 58% were men, the
ortic valve area (AVA) was 0.67 � 0.18 cm2, and the
VEF was 0.25 � 0.07. The mean aortic regurgitation
rade was 1.1 on a scale of 0 to 4; only 4 had 3� and none
ad 4� aortic regurgitation. The LV outflow tract velocity
as 0.8 � 0.2 m/s, transvalvular velocity was 3.8 � 0.7
/s, and their ratio was 0.21. Over a mean follow-up

eriod of 2.4 � 2.7 years, there were 58 (30%) AVRs and
27 deaths; 28 deaths in the AVR group and 99 in the
on-AVR group. The mean interval between diagnosis of
evere AS and AVR was 34 days.
OMPARISON OF SEVERE AS PATIENTS WITH EF LESS THAN 0.35 AND

F GREATER THAN 0.35. As shown in Table 1, patients with EF

ig 1. The Kaplan-Meier survival curves of low ejection fraction
EF � 0.35) patients with and without aortic valve replacement.
n � 194; AVR � aortic valve replacement.)
.35 or less had a greater male preponderance (58% vs
7% p � 0.01), a smaller AVA (0.67 � 0.18 vs 0.72 � 0.17
m2, p � 0.0001), and a lower mean transaortic gradient
35 � 15 vs 44 � 16 mm Hg, p � 0.0002). They also had a
ower AVR rate (30 vs 42%, p � 0.003) indicating a
eluctance to offer AVR.
VR AND SURVIVAL. By Kaplan-Meier analysis, patients un-
ergoing AVR had 30 day, 1 year, and 5 year survival
ates (from the initial diagnosis of severe AS) of 91%,
0%, and 58%, respectively, compared with 79%, 47%,
nd 23% for those who had no AVR (p � 0.0001) (Fig 1).
ENSITIVITY ANALYSIS. In view of the higher early nonpro-
ortional mortality hazard in the non-AVR group, we
erformed sensitivity analysis to reduce the impact of
otential unmeasured biases leading to lack of AVR and
ence for survival. This was carried out by serially
liminating patients with events occurring in 30 days
r less and 1 year or less in an effort to minimize the
ffect of biases governing AVR decisions. As can be
een from Figure 2, AVR was associated with a signif-
cantly better survival for patients with events up to 1
ear eliminated.
VR IN EF LESS THAN 0.20. There were 72 patients with EF 0.20
r less. The mean age was 75 years, 63% were men, the

Fig 2. Results of sensitivity analy-
sis in low ejection fraction group.
(A) � 30 days eliminated; (B) �

365 days eliminated. (AVR �
aortic valve replacement.)

ig 3. Effect of aortic valve replacement (AVR) on survival in pa-
ients with an ejection fraction < 0.20 (n � 72).
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VA was 0.65 � 0.20 cm2, mean aortic valve gradient was
3 mm Hg, and the LVEF was 0.17 � 0.04. The pulmonary
rtery systolic pressure was 57 mm Hg and 39 (54%) had
or 4� mitral regurgitation. Of these, 18 patients had

able 2. Characteristics of the Patients With EF 0.35 or Less
ho Did and Did Not Undergo AVR

ariables
No AVR
(n � 136)

AVR
(n � 58) p Value

linical variables:
Age (years) 76 � 11 72 � 12 0.02
Males 54% 67% 0.08
Hypertension 31% 55% 0.001
Diabetes 16% 29% 0.04
Coronary artery disease 40% 74% �0.0001
Renal insufficiency 16% 16% 0.90
Chronic obstructive

pulmonary disease
10% 21% 0.03

Previous stroke 12% 5% 0.16
chocardiography:
Ejection fraction 0.24 � 0.08 0.26 � 0.07 0.24
LV end-diastolic

dimension (mm)
57 � 8 57 � 9 0.80

LV end-systolic
dimension (cm)

46 � 9 47 � 10 0.30

AV area (cm2) 0.67 � 0.18 0.64 � 0.17 0.22
Mean aortic gradient

(mm Hg)
33 � 14 40 � 16 0.003

Pulmonary artery
systolic pressure
(mm Hg)

54 � 15 57 � 15 0.35

3 or 4� mitral
regurgitation

41% 41% 0.98

rug therapy:
Aspirin 27% 52% 0.0009
Beta blocker 18% 29% 0.09
ACE inhibitor 37% 43% 0.41
Statin 14% 35% 0.001
Digoxin 28% 29% 0.85

oncomitant surgery:
AVR 0% 100%
Mitral valve surgery 0% 14%
Coronary bypass surgery 0% 59%

ig 4. Effect of aortic valve re-
lacement (AVR) on survival as a
unction of mean transaortic gradi-
nt in low EF patients. (A) EF �

.35, MG � 30 mm Hg; (B) EF �

.35, MG � 30 mm Hg. (EF �
jection fraction; MG � mean
radient.)
d
CE � angiotensin converting enzyme; AV � aortic valve; AVR �
ortic valve replacement; LV � left ventricular.
VR with coronary artery bypass surgery. Concomitant
itral valve repair was performed in 4 and valve replace-
ent in 1. Performance of AVR was associated with a

etter survival as well (as shown in Fig 3) both by
aplan-Meier analysis (p � 0.006) as well as Cox regres-

ion adjusted for age, gender, and EF, as well as the
ropensity score (p � 0.01).

URVIVAL STRATIFIED BY MEAN TRANSVALVULAR GRADIENT. The
ean transaortic gradient was 30 mm Hg or less in 89

46%) of the patients. As shown in Figure 4, AVR was
ssociated with better survival in patients with a mean
ransvalvular gradient of 30 mm Hg or less as well as
reater than 30 mm Hg (both p � 0.001).
THER CLINICAL SUBSET ANALYSIS. Among the 98 patients with
oronary artery disease, 43 had AVR and this was asso-
iated with a better survival (p � 0.0001). A total of 80
atients had 3 or 4� mitral regurgitation (MR) of whom
4 had AVR, and of these 12 had mitral valve repair and
mitral valve replacement; AVR was associated with a

etter survival in this group as well (p � 0.03). There was
urvival benefit of AVR in both age groups, younger than
nd older than the mean age of 75 years.
THER UNIVARIATE PREDICTORS OF SURVIVAL. Other univariate
redictors of higher mortality included lower EF (p �
.04), lower mean transvalvular gradient (p � 0.01), renal
nsufficiency (p � 0.01), and higher age (p � 0.06).

ender, coronary artery disease (CAD), hypertension,
iabetes mellitus, AVA, MR, and medication use had
o effect on survival. The LV dimensions were not a
redictor of survival and did not add to the predictive
odel.

OMPARISON OF PATIENTS WITH AND WITHOUT AVR. As shown in
able 2, patients not undergoing AVR were older (p �
.02), and had a lower prevalence of hypertension (p �
.001) and diabetes mellitus (p � 0.04). They had similar
VEF, AVA, and degree of MR. The prevalence of stroke
nd renal insufficiency were similar in both groups.
OX PROPORTIONAL HAZARD MODEL. Two types of regression
odels were created to adjust for the effect of confound-

ng variables on mortality. In the first model, effect of
VR on survival was adjusted for significant group
ifferences listed in Table 2. The AVR remained a signif-

cant predictor of better survival with a hazard ratio for

eath of 0.51 (95% confidence interval [CI] 0.30 – 0.87, p �
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.0001). In this model coronary artery bypass grafting was
ssociated with a survival benefit as well. In the second
ultivariate model, the predictor variables with a p of

.10 or less for survival on univariate analysis (age, renal
nsufficiency, EF, mean transvalvular gradient, and AVR)
ere entered into the Cox regression model. The AVR
as the only independent predictor of better survival

p � 0.0004) and renal insufficiency was the only inde-
endent predictor of worse survival (p � 0.003) in this
odel.

ROPENSITY SCORE ANALYSIS. Probability of receiving AVR
or each patient was calculated based on the 13 preoper-
tive covariate characteristics including age, gender, hy-
ertension, diabetes, renal insufficiency, chronic obstruc-

ive pulmonary disease, stroke, CAD, EF, pulmonary
rtery pressure, presence of MR, AVA, and aortic mean
radient. Logistic regression analysis was used to calcu-

ate this propensity score. Adjusted for the propensity
core developed based on the low EF subset, AVR was
ssociated with a mortality hazard of 0.44 (95% CI 0.26–
.74, p � 0.002) using the Cox regression model. We also

able 3. Characteristics of Patients With Low Gradient
ompared With Higher Gradients

ariables

Mean gradient
�30 mm Hg

(n � 572)

Mean gradient
�30 mm Hg

(n � 168)
p

Value

ge in years 76 � 11 72 � 13 0.01
ales 53% 50% 0.46

jection fraction 0.58 � 0.18 0.41 � 0.20 �0.0001
–4� mitral
regurgitation

20% 34% 0.003

V end diastolic
diameter (cm)

4.9 � 0.8 5.1 � 0.9 0.004

V end systolic
diameter (cm)

3.3 � 1.0 3.8 � 1.1 �0.0001

entricular
septum (cm)

1.4 � 0.2 1.3 � 0.2 �0.0001

ortic valve area
(cm2)

0.7 � 0.18 0.76 � 0.15 �0.0001

ulmonary artery
systolic
pressure �60
mm Hg

29% 22% 0.09

ypertension 43% 46% 0.4
iabetes mellitus 15% 24% 0.004
oronary artery
disease

39% 53% 0.002

hronic renal
insufficiency

10% 14% 0.2

spirin use 34% 39% 0.23
eta-blocker use 27% 28% 0.74
CE inhibitor use 25% 32% 0.04
tatin use 19% 20% 0.68
ortic valve
replacement

44% 28% �0.0001
sCE � angiotensin converting enzyme; LV � left ventricular.
djusted for propensity score developed based on all the
40 severe AS patients as well; the hazard ratio with AVR
as 0.42 (p � 0.002). Adjusting for propensity score has
een reported to eliminate 85% to 90% of the treatment
ias in observational cohorts [14–16].

evere AS Patients With Transaortic Mean Gradients
f 30 mm Hg or Less
ATIENT CHARACTERISTICS. In the low gradient group, the
ean age was 72 years and 50% were men, the aortic

alve area (AVA) was 0.76 � 0.18 cm2 and the LVEF was
.41 � 0.20. Of the 47 patients who underwent AVR, 7 had
itral valve repair and 6 had mitral valve replacement.
nly 49% of these had an LVEF 0.35 or less and 31% (52)
ad an LVEF 0.55 or greater indicating that low EF is not
prerequisite for low gradient, as commonly thought.

OMPARISON OF SEVERE AS PATIENTS WITH MEAN AORTIC GRADI-

NT LESS THAN 30 MM HG AND GREATER THAN 30 MM HG. Table 3
ummarizes the characteristics of severe AS patients with
nd without a low transvalvular gradient defined as 30
m Hg or less. Compared with those with a higher

radient, they had a lower LVEF (0.41 � 0.20 vs 0.58 �
.18%, p � 0.0001), lower stroke volume (p � 0.0001),
reater prevalence of 3 or 4� MR (34 vs 20%, p � 0.0002),
reater prevalence of CAD (53 vs 29%, p � 0.002), and a
lightly larger aortic valve area (0.76 � 0.18 vs 0.69 � 0.15
m2, p � 0.0001).
URVIVAL WITH AVR. Of the 168 patients 47 underwent AVR
uring follow-up. Survival of patients who underwent
VR was significantly better than those managed medi-

ally using Kaplan Meier analysis with log rank statistic
Fig 5). One-year, 2-year, and 5-year survival rates were
9%, 82%, and 80%, respectively, in the AVR group,
ompared with 60%, 40%, and 22%, respectively, in the
on-AVR group (p � 0.0001).
OMPARISON OF PATIENTS WITH AND WITHOUT AVR. Table 4

ig 5. Kaplan-Meier survival curves of patients with without aortic
alve replacement (AVR) in severe aortic stenosis patients with
ransvalvular gradients of � 30 mm Hg.
ummarizes the characteristics of these two groups.
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URVIVAL ADJUSTED FOR CONFOUNDING VARIABLES. Impact of
VR on survival was adjusted for 18 clinical, echocardio-
raphic, and pharmacologic variables using the Cox
egression model. The AVR was the strongest indepen-
ent predictor of survival in these patients (adjusted
elative risk [RR] 0.22, 95% CI 0.11–0.45, p � 0.0001).
ther independent predictors of survival were age (p �

.0007), EF (p � 0.0005), and renal insufficiency (p �

.0001). Age and renal insufficiency had a negative impact
n survival. Hypertension, diabetes, CAD, MR and drug
herapy were not independently predictive of survival.
ROPENSITY SCORE ANALYSIS. In addition to Cox regression,
ropensity score analysis was carried out to address the
ffect of covariate imbalance between the treatment and
ontrol groups. Probability of receiving AVR (propensity
core) for each patient was modeled by using logistic
egression analysis conditioned on covariate values for
hat individual. Logistic regression model was used to
reate propensity scores, where AVR was the dependent

able 4. Characteristics of the Patients with Transvalvular
radient � 30 mm Hg Who Did and Did Not Undergo AVR

ariables
No AVR
(n � 121)

AVR
(n � 47) p Value

linical variables:
Age (years) 77 � 11 73 � 11 0.02
Males 50% 62% 0.16
Hypertension 41% 60% 0.03
Diabetes 21% 34% 0.07
Coronary artery

disease
46% 70% 0.005

Renal insufficiency 17% 6% 0.09
Chronic obstructive

pulmonary disease
14% 19% 0.42

Previous stroke 17% 15% 0.16
chocardiography:
Ejection fraction 0.39 � 0.19 0.45 � 0.20 0.08
LV end-diastolic

dimension (mm)
52 � 9 51 � 9 0.39

LV end-systolic
dimension (cm)

39 � 11 37 � 11 0.42

AV area (cm2) 0.76 � 0.15 0.76 � 0.14 0.80
Mean aortic gradient

(mm Hg)
24 � 6 25 � 4 0.14

Pulmonary artery
systolic pressure
(mm Hg)

51 � 16 41 � 14 0.009

3 or 4� mitral
regurgitation

37% 26% 0.15

rug therapy:
Aspirin 36% 47% 0.18
Beta blocker 23% 43% 0.01
ACE inhibitor 34% 30% 0.61
Statin 18% 28% 0.18
Digoxin 25% 32% 0.35

CE � angiotensin converting enzyme; AV � aortic valve; AVR �
ortic valve replacement; LV � left ventricular.
ariable and various preoperative characteristics includ- T
ng age, gender, CAD, hypertension, diabetes mellitus,
hronic renal insufficiency, EF, MR, pulmonary artery
ressure, AVA, and mean transaortic gradient were in-
ependent variables. The AVR remained a strong predic-

or of survival after adjusting for the propensity scores
RR 0.55, 95% CI 0.42–0.72, p � 0.0001). Of the 47 patients
ho had AVR, 38 were propensity score matched with 38
atients who did not have AVR. One-year, 2-year, and
-year survivals were 89%, 86%, and 78% with AVR
ompared with 58%, 45%, and 35% with no AVR using
he propensity score matched cohorts (p � 0.0008).
ENSITIVITY ANALYSIS. In view of nonproportional mortality
azard in the non-AVR group, sensitivity analysis was
arried out to minimize biases leading to AVR decisions.
his was carried out by serially eliminating patients with
vents within 30 days, 90 days, 1 year, and 2 years,
espectively. Figures 6 (A) through 6(D) show the Kaplan

eier survival curves for these patients. Survival with
VR was superior compared to no AVR in all of these
nalyses suggesting a strong survival benefit with AVR.
URVIVAL BENEFIT WITH AVR AS A FUNCTION OF EF. Figure 7(A)
hows the Kaplan-Meier survival curves in patients with
F less than 0.35 (n � 69). Five-year survival was 25% in
atients who did not undergo AVR compared with 65%
ith AVR (p � 0.04). In patients with EF 0.35 to 0.54 (n �

6) (Fig 7B), 5-year survival with AVR was 65% compared
ith 22% without AVR (p � 0.002).

ATIENTS WITH SEVERE AS, NORMAL EF, AND LOW GRADIENT. There
ere 52 patients with severe AS, EF 0.55 and greater, and
ean transvalvular gradient 30 mm Hg or less. The mean

ge of these patients was 76 years, 43% were men, the
VA was 0.77 � 0.14 cm2, mean aortic valve gradient 26 �
mm Hg and the LVEF was 0.66 � 0.7. The LV dimen-

ions were as follows: diastolic dimension 44 � 7 mm,
ndsystolic dimension 27 � 6 mm, ventricular septal
hickness 14 � 3 mm, and free wall thickness 13 � 2 mm.
he pulmonary artery systolic pressure was 44 mm Hg
nd 8 had 3 or 4� MR. Compared with severe AS patients
ith normal EF and preserved gradients, these patients
ad a preponderance of women, smaller LV, and greater
V wall thickness. A total of 18 (35%) patients had AVR;
2 with coronary artery bypass surgery, 3 with mitral
alve repair, and 2 with MVR. As shown in Figure 7(C),
-year survival with AVR was 90% compared with 20%
ithout AVR (p � 0.0001). A total of 14 patients with EF

.55 or greater with low gradient severe AS and AVR
ere propensity score matched with 14 without AVR.
ne-year, 2-year, and 5-year survivals were 92%, 88%,

nd 88%, respectively, in the AVR group compared
ITH 82%, 5%, and 10% in the non-AVR group (p �

.004).

omment

ur Findings
ur study shows that low EF and low valvular gradient
espite normal EF are common in the setting of severe
S, occurring in 26% and 7% of the patients, respectively.

here is also a reluctance to offer surgery in these
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atients with an AVR rate of only 30% despite a large
urvival benefit. The survival benefit is supported by
oth sensitivity and propensity score analysis, which are

he best available tools to analyze treatment effects in
bservational data. As a randomized study in this popu-

ation is unlikely in the near future, we feel our data
hould help guide decision making in this population. It
s also of note that benefit with AVR is seen in those with

mean transvalvular gradient 30 mm Hg or less, those
ith EF 0.20 or less, those with CAD, and those with MR.
ne other noteworthy finding is that renal impairment
as a negative impact on survival, which should be con-
idered in the management of patients with severe AS.

VR in Severe AS Patients With Low EF
onnolly and colleagues [2, 3] have reported that AVR

an be performed in severe AS patients with LV dysfunc-
ion or low gradient with an acceptable mortality and that
his leads to an improvement in LV function and symp-

ig 6. Sensitivity analysis with persistent aortic valve replacement (A
radient group. (A) Patients events in � 30 days eliminated; (B) Patie
liminated; (D) Patients events in � 2 years eliminated.
oms, but there were no control groups to assess the d
ortality benefit of AVR. There are two studies which
valuated the potential benefit of AVR in severe AS
atients with a LVEF 0.35 or less and a transaortic
radient 30 mm Hg or less [4, 5]. Monin and colleagues
4] studied 45 severe AS patients with low EF and low
radient. Benefit of AVR was assessed as a function of LV
ontractile reserve with dobutamine. In the 32 patients
ith contractile reserve 24 had AVR and there was a
ortality benefit. Pereira and colleagues [5] compared

he survival of 39 patients with severe AS, EF 0.35 or less,
nd mean aortic gradient 30 mm Hg or less undergoing
VR with 56 propensity score matched patients treated
edically. The adjusted mortality risk ratio with AVR
as 0.19 suggesting a large mortality benefit with AVR.
nlike our study, they did not assess the impact of

omorbidities and pharmacologic therapy on survival.
he low EF, low gradient AS group is made up of 3
ubsets of patients: those with true severe AS with
ontractile reserve, where the gradient goes up with

enefit with patients with events until 2 years eliminated in the low
vents in � 90 days eliminated; (C) Patients events in � 1 year
VR) b
nts e
obutamine; those with no contractile reserve; and those
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ith pseudo-severe AS, where the valve opens better
ith a higher stroke volume. We did not perform dobut-

mine stress in our patients.

enefit of AVR with Low Gradient and Preserved EF
here is a paucity of studies in the literature comparing
urvival with and without AVR for severe aortic stenosis
ith low gradient and EF greater than 0.35. Hachicha and

ig 7. Effect of aortic valve replacement (AVR) on survival as a
unction of left ventricular ejection fraction (EF) in the low gradient
roup. (A) Severe aortic stenosis (AS), low gradient, EF � 0.35; (B)
evere AS, low gradient, EF 0.35 to 0.54; (C) Severe AS, low gradi-
nt, EF � 0.55. (AS � aortic stenosis.)
olleagues [6] investigated the effects of low gradient
C

evere AS on survival with preserved LVEF. They studied
group of 181 patients with severe AS, low gradient, and

ow flow output defined as a stroke volume index of less
han 35 mL/m2 and preserved EF. They demonstrated
hat patients can have low flow, low gradient severe AS
espite a normal EF. Advanced age, greater valvulo-
rterial impedance, and medical therapy were indepen-
ent predictors of mortality. Our study confirms a mor-

ality benefit with AVR in this population and indicates
hat AVA is the most important measure of AS severity
nd the gradient, which is flow dependent, is less
mportant.

nique Aspects of Our Study
his is the largest study, to our knowledge, addressing

he effect of AVR on survival in severe AS patients with
F 0.35 or less and those with low gradient. In addition,

he patients are comprehensively characterized, espe-
ially including all pharmacologic data such as statins,
spirin, beta blockers, and angiotensin-converting en-
yme inhibitors, which can potentially impact survival in
hese patients. Also, the study addresses more contem-
orary patients (years 1993 to 2003). This is important in
iew of the fact that surgical techniques and medical
anagement have dramatically changed compared with

he 1980s. Because of the size of the population, we were
lso able to assess AVR benefit in various clinical subsets.
ensitivity and propensity score analysis make the find-

ngs fairly robust despite the observational nature.

tudy Limitations
he main limitation of our study is its retrospective
ature and that treatment assignment was not random-

zed. Sensitivity and propensity score analysis are re-
orted to help minimize the impact of treatment of bias
y 80% to 90% [14–16]. As there are no randomized
tudies addressing this issue, our data should be helpful
n clinical decision making.

linical Implications of Our Study
ased on our study results and until results of random-

zed trials become available, we suggest that patients
ith severe AS and severe LV dysfunction should be
ffered AVR unless a contraindication exists, irrespec-
ive of age, EF, aortic gradient, CAD status, or MR.
indings of our study show that low transvalvular
radient despite severe AS is not uncommon and
ccurs in about a quarter of the patients, and that low
F is not a prerequisite. Severe AS is the main driving

orce behind mortality, which is markedly diminished
y AVR. Despite this, there is reluctance to offer AVR

n these patients.

he authors acknowledge the statistical expertise of Dr Daniel
. Stram, PhD, Professor, Department of Preventive Medicine

nd Biostatistics, University of Southern California, Los Angeles,

alifornia.
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NVITED COMMENTARY
he manuscript by Pai and colleagues [1] is an important
tudy that adds to the mounting body of evidence show-
ng that patients with severe aortic stenosis (AS) and poor
eft ventricular (LV) function are most likely to benefit
rom an operation, even if LV ejection fraction (LVEF) is
everely depressed (ie, with an LVEF �20%). This also
hows that surgery is underutilized, which is likely due to
he reluctance to operate on patients with very poor LV
unction or an underestimation of AS severity due to low
radient, or both of these factors. Nonetheless, the pos-
ibility that some patients might have pseudo severe AS
recludes a blanket recommendation for operating on all
atients. Indeed, there is a general consensus that med-

cal therapy should be attempted first in patients with
seudo severe AS and that dobutamine echocardiogra-
hy should be performed whenever this condition is
uspected.

The second group is heterogeneous, as 49% of patients
ctually had an LVEF �35% and had thus also been
ncluded in the first group. However, it is fortunate that
he authors separately analyzed patients with a low
radient despite a preserved LVEF. This is a recently
escribed entity characterized by a restrictive physiology
ue to more pronounced LV concentric remodeling and a
maller LV cavity size [2]. The present study confirms
ery poor prognosis, if treated medically rather then
urgically (5-year survival, 20% vs 90%), it is largely
nrecognized, as only 35% of patients were operated on

or this condition. The most frequent error in the past has
robably been to dismiss the aortic valve area results as
n error in measurement and to consider that the patient
oes not have significant AS, given the low gradient and

he normal ejection fraction. Nonetheless, an error in
easurement is always possible, but fortunately, inde-

endent validation can be sought by examining measure-
ents for LV dimension and function. Hence, in this

tudy the LV cavity dimensions (44 � 7 mm) were much
maller in this group than in the group with higher
radients (49 � 8 mm), and the concomitant values for LV
all thicknesses (ie, 14 � 3 mm and 13 � 2 mm,

espectively) were indeed consistent with more severe
V concentric remodeling. In case of doubt or borderline
alues, measurements should be re-checked and evalu-
tions of intrinsic myocardial function can be done; other
odalities such as exercise testing, magnetic resonance

maging, and plasma brain natriuretic peptide measure-
ents can also be contemplated [3].
Finally, these findings emphasize that the contempo-

ary modes of presentation of AS are multifaceted and
re not necessarily in line with previous paradigms or

xisting guidelines. More comprehensive evaluations [3]

0003-4975/08/$34.00
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