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ABSTRACT

Aortic stenosis (AS) is characterized as a high-risk index for cardiac complications during noncardiac surgery. The
American College of Cardiology/American Heart Association guidelines define severe AS as aortic valve area #1 cm2,

mean gradient of $40 mm Hg, and peak velocity of $4 m/s. As per current clinical practice, any of these characteristic

features label a patient as at high risk for noncardiac surgery. However, these parameters appear inconsistent, particu-

larly with respect to the aortic valve area cutoff value. The perioperative risk associated with AS during noncardiac

surgery depends upon its severity (moderate vs. severe), clinical status, and the complexity of the surgical procedure

(low to intermediate risk vs. high risk). A critical analysis of old and new data from published studies indicates that the

significance of the presence of AS in patients undergoing noncardiac surgery is overemphasized in studies that predate

the more recent advances in echocardiography and cardiac catheterization in assessment of aortic stenosis, anesthetic
and surgical techniques, as well as post-operative patient care. (J Am Coll Cardiol 2015;65:295–302) © 2015 by the

American College of Cardiology Foundation.

A 75-year-old Caucasian male presents to the
clinic with the chief complaint of bilateral
buttock and thigh pain. During clinical exam-

ination, a heart murmur is appreciated. He is other-
wise asymptomatic. He undergoes lower leg arterial
and carotid duplex examinations, which show moder-
ate arterial insufficiency of both legs and 70% to 99%
stenosis of the left common carotid artery with an in-
ternal carotid artery/common carotid artery ratio of
4.14. The echocardiogram report notes severe aortic
stenosis (AS) with aortic valve area (AVA) 0.73 cm2.
The peak velocity is 3.5 m/s, the peak gradient is 46
mm Hg, the mean gradient is 25 mm Hg, and the ejec-
tion fraction (EF) is 50% to 55% (visually assessed),
with cardiac output (CO) 4.3 l/min. He is referred for
aortic valve replacement (AVR).

During workup, he is found to have a porcelain gall
bladder. Transesophageal echocardiography (TEE)
reports AVA by planimetry of 0.81 cm2 and by

continuity equation of 0.91 cm2, mild mitral regurgi-
tation (MR), and aortic regurgitation. TEE also shows
a mobile complex atheromatous plaque, measuring
2.5 ! 0.72 cm2, at the junction of the aortic arch and
descending aorta. Cardiothoracic surgeons deem this
patient to be at “prohibitive risk” for AVR. Planned
carotid endarterectomy and laparoscopic cholecys-
tectomy are also subsequently cancelled due to the
high risk associated with “severe aortic stenosis.”

Many clinicians with patients 65 years or older face
the type of clinical conundrum described in the pre-
ceding text. AS affects approximately 2% to 9% of this
population (1–3), who also regularly require noncar-
diac surgical procedures for other comorbidities. After
Skinner and Pearce (4) first noted a high rate of car-
diovascular complications and death in “patients with
aortic lesions,” Goldman et al. (5) and Detsky et al. (6)
characterized AS as a high-risk index for cardiac com-
plications during noncardiac surgery. Over the years,
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many similar reports have emerged (4–8)
(Table 1), re-emphasizing the perioperative
risk associated with “aortic stenosis” during
noncardiac surgery. Unfortunately, these
conclusions have been on the basis of limited
details and ambiguous definitions of AS
severity.

In themidst of all this, a prospective clinical
trial to validate the Cardiac Risk Index (9)

noted no significant correlation between “critical
aortic stenosis” and perioperative complications dur-
ing noncardiac procedure. This has been largely
ignored, perhaps due to a very small sample size of
only 5 patients, representing 0.21% of the total pa-
tients with AS. The established paradigm has
invariably led to either patient ineligibility for an
essential surgical surgery or referral for AVR, even
in asymptomatic patients with AS of varying sever-
ities. For these patients with AS to have required
noncardiac surgeries, they are subjected to a 6% to
13% perioperative risk during AVR (10) and an at
least 1% risk of prosthetic-related complications per
year (11).

What is even more troubling is that many times,
patients undergo aortic valvotomy with dubious re-
sults (residual stenosis in the moderate to severe
range, mostly AVA 1 cm2) and unacceptable rates of
periprocedural complications, including death (12).
This is despite the statement in the 2006 American
College of Cardiology (ACC)/American Heart Asso-
ciation (AHA) guidelines (13) that, “most asymptom-
atic patients with severe aortic stenosis can undergo
urgent noncardiac surgery at a reasonably low risk,”
and balloon valvotomy is not recommended.

In contrast, the ACC/AHA 2007 Guidelines on Peri-
operative Cardiovascular Evaluation and Care for
Noncardiac Surgery (14) recommended percutaneous
balloon valvuloplasty as a “bridge to surgery” in
hemodynamically unstable patients who could not
undergo AVR. The 2007 guidelines also labeled severe
AS as “the greatest risk for noncardiac surgery,” and
quoted a 10% mortality risk for patients with AS. The
current 2014 ACC/AHA guidelines (15) on valvular
heart disease recommend moderate-risk, elective
noncardiac surgery in patients with asymptomatic se-
vere AS (Class IIa, Level of Evidence: B). However, they
also state that, “in patients with moderate to severe
aortic stenosis, the 30-day mortality is higher for pa-
tients with aortic stenosis (2.1%) compared with pro-
pensity score matched controls (1%) with higher risk of
post-operativeMI” (15), a statement shared by the 2014
ACC/AHA Guideline on Perioperative Cardiovascular
Evaluation and Management of Patients Undergoing
Noncardiac Surgery (16).

The basis for all of these statements are published
reports that included a cohort of AS patients who
were symptomatic, had left ventricular systolic
dysfunction/congestive heart failure, or had
concomitant significant other valvular pathology, in
particular, MR (Table 2) (17–23). Those reports do not
truly represent patients with “asymptomatic severe
aortic stenosis,” as described earlier in this review.

Calleja et al. (22) is the only analysis to exclude
“symptomatic aortic stenosis” and to report similar
rates of myocardial infarction (MI) or death during
noncardiac surgery in asymptomatic patients with
severe AS compared with control subjects. Even the
report from Agarwal et al. (17), which was widely
quoted in the 2014 ACC/AHA guidelines, did not show
any significant differences in composite outcomes
(30-day mortality or post-operative MI) between
patients with asymptomatic severe AS (4.7%) versus
control subjects without AS (2.7%). A recently pub-
lished report by Tashiro et al. from theMayo Clinic (23)
shows identical rates of death and MACE (major
adverse cardiovascular events) for asymptomatic
patients with AS and controls without AS (30-day
mortality 3.3% vs. 2.7% and MACE 12% vs. 12%).
Table 3 summarizes the outcomes of intermediate-risk
to high-risk (including vascular) surgery in patients
with asymptomatic severe AS versus controls without
AS, matched using the Revised Cardiac Risk Index.

In the reports from both Agarwal et al. (17) and
Tashiro et al. (23), primary adverse outcomes are
significantly higher in AS patients with typical
symptoms of angina, syncope or dyspnea; low left
ventricular EF; or other concomitant significant
valvular disease, particularly MR or tricuspid regur-
gitation. This trend holds, irrespective of the severity
of AS, as in the report of Agarwal et al. (17), where
even patients with moderate AS experienced adverse
cardiovascular events if they had EF <40% (present
in 35.3% patients) and moderate to severe MR (pre-
sent in 29.4% patients).

Even more perplexing is the ACC/AHA-recom-
mended grading of AS severity. In current clinical
practice, echocardiography has become the main/
only tool for grading the severity of AS. Echocardi-
ography may generally underestimate velocities and
gradients. However, particularly in the older popu-
lation, it usually underestimates left ventricular
outflow tract diameter due to calcification, basal
septal hypertrophy, and outflow tract narrowing. Left
ventricular outflow tract diameter, which is squared
in the continuity equation, leads to overestimation of
the severity of AS on basis of the AVA estimation.

Finding any of the 3 parameters for severe AS, as
recommended by the ACC/AHA (AVA #1 cm2, peak

ABBR EV I A T I ON S

AND ACRONYMS

AS = aortic stenosis

AVA = aortic valve area

EF = ejection fraction

MI = myocardial infarction

TAVR = transcatheter aortic
valve replacement
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velocity >4 m/s or a mean gradient $40 mm Hg on
echocardiography), results in AS being graded as se-
vere, and labels the patient at high risk for noncardiac
surgery. The problem with this grading is the
discrepancy between the degrees of AS severity on
the basis of these parameters. A 4-m/s peak velocity
may not correspond to a mean gradient of $40
mm Hg, and should give an AVA of 0.81 to 0.82 cm2

using the Gorlin formula. Moreover, an AVA of 1 cm2

will correspond to a peak velocity of 3.1 m/s, and a
mean gradient of 40 mm Hg should correspond to an
AVA of 0.75 cm2.

Minners et al. (24) clearly showed this discrepancy
with 3,483 echocardiography studies. They found
that 30% of patients with severe AS by AVA had
nonsevere stenosis by mean gradient and that 25%
had nonsevere stenosis by peak velocity. Correction
of AVA for body surface area <0.6 cm2/m2 did not
markedly change the results with respect to the
comparison of AVA and mean gradient. More than
39% of patients with a body surface area–adjusted
AVA #0.6 cm2/m2 had a mean gradient <40 mm Hg.

Only 6% of patients diagnosed with severe aortic
stenosis on the basis of peak velocity had a mean
gradient of 40 mm Hg.

Echocardiography estimates the effective orifice
area (EOA), which is always smaller by a variable co-
efficient of contraction than the actual anatomical
area measured at catheterization using Gorlin’s for-
mula. Depending on the morphology of stenosis and
rheological characteristics of the blood, the coeffi-
cient of contraction varies by almost 29% (25,26).
Thus, for a given anatomical orifice, the EOA may be
smaller by a factor of one-third.

Using the Medtronic aortic bioprosthesis and left
heart pulse duplicator system (Medtronic, Minneap-
olis, Minnesota), Dumesnil et al. (27) showed that
Gorlin’s formula yields 1% to 2% higher AVA than the
continuity equation.

A physiologically unsafe parameter of AS that is
not causing symptoms, but will cause perioperative
complications during a noncardiac surgery, has never
been defined. The current ACC/AHA-recommended
parameters for severe AS were adopted after they

TABLE 2 Studies Showing High Perioperative Risk in Patients With Aortic Stenosis During Noncardiac Surgery

First Author (Ref. #)
Classical AS Symptoms

Angina, Syncope, Dyspnea
Heart Failure

EF <55%; History of CHF Other Valvular Disease

Raymer et al. (18) 45% patients with angina NA; 38% Not reported

Torsher et al. (19) 84% patients with at least 1 and 16%
with 2 classical symptoms

25% (16/19); NA
Range 30%–85%

12 mild MR, 9 mild AR, 4 moderate AR

Rohde et al. (7) Not reported 25% with mild to severe systolic dysfunction NA

Kertai et al. (20) 20% with 1 or more classical symptoms:
24% angina

54% patients with EF <35%-49% 24% with other valvular disease:
MR 7%, TR 7%, AR 10%, MS 6%

O’Keefe Jr. et al. (21) 75% with classical symptoms: angina 40%,
syncope 15%, dyspnea 50%

66% with CHF NA

Agarwal et al. (17) 29.5% with classical symptoms Only EF <40% was reported in 7%;
history of CHF 13%

Severe MR 4%

Tashiro et al. (23) 41.4% symptomatic: angina 9.4%, syncope
3.9%, dyspnea 36.6%

18.4% with heart failure MR 15.5%, TR 16.7%, MS 4%

AR¼ aortic regurgitation; AS¼ aortic stenosis; CHF¼ congestive heart failure; EF¼ ejection fraction; MR¼ mitral regurgitation; MS¼ mitral stenosis; NA¼ not available; TR¼ tricuspid regurgitation.

TABLE 1 Studies Showing High Perioperative Risk in Patients With AS Undergoing Noncardiac Surgery

First Author, Year (Ref. #)
Number of Patients

(AS/Total) Severity of AS Cardiac Complications

Skinner and Pearce, 1964 (4),
retrospective

59/766 Not specified
“Patients with aortic lesion”

10% mortality

Goldman et al., 1977 (5) 23/1,001 “Probable important aortic stenosis” on the basis of
clinical examination, cardiac catheterization in some

13% cardiac death; 17.3% cardiac complication;
4% nonfatal complications

Detsky et al., 1986 (6),
prospective

20/455 “Suspected critical stenosis with a 50 mm gradient”
on the basis of clinical examination and ECG

Not specified

Rohde et al., 2001 (7) 67/570 Peak instantaneous aortic gradient of $40 mm Hg Cardiac complications
OR: 6.8, 95% CI: 1.3–3.1

Zahid et al., 2005 (8),
retrospective

5,149/10,284 Aortic stenosis identified by ICD-9 code from national
hospital discharge records

Case-control grading of severity of AS not known

55% greater risk of MI, but no increased mortality

AS ¼ aortic stenosis; CI ¼ confidence interval; ECG ¼ electrocardiography; ICD-9 ¼ International Classification of Diseases-9th Revision; MI ¼ myocardial infarction; OR ¼ odds ratio.
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were shown to predict development of symptoms or a
requirement for valve replacement in patients with
AS within 2 to 5 years (28,29).

This raises the question of which echocardiography-
derived parameter(s) of AS should label a patient as
high risk for noncardiac surgery. Clinical experience
with Gorlin’s formula-based valve area calculation
at catheterization led to the concept that symptoms
develop when the area falls below 0.8 to 0.9 cm2 in
AS. The European Society of Cardiology guidelines
state that, “severe aortic stenosis is unlikely if
cardiac output is normal and there is a mean
gradient <50 mm Hg” (30).

Analysis of the available data from published re-
ports indicates that on the basis of echocardiography,
adverse events during noncardiac surgery occurred
primarily in patients with an AVA #0.7 cm2 and a
mean gradient $50 mm Hg (Table 4) (31). The only
report (17) to show adverse outcomes in patients with
a lower AVA or mean gradient (as low as 15.0 #
6.5 mm Hg) also stipulated that LV systolic dysfunc-
tion and MR are serious confounding factors. This is
understandable because, despite a large pressure
overload, oxygen consumption may be normal, or

even low, in AS (chronic pressure load) as long as
heart size and systolic wall stress are normal. Even a
small left ventricular cavity enlargement or decrease
in systolic function from any cause can substantially
increase the likelihood of decompensation under
stress, thereby leading to complications during
noncardiac surgery. The ventricular workload and
oxygen consumption also depend upon the compli-
ance of the valve. A failure to increase the size of the
EOA during stress leads to a greater increase in
workload and systolic wall stress. Compliance was
reportedly low in symptomatic patients with AS (32).

If the preceding data are to be believed, then
asymptomatic patients with AS with an AVA >0.8
cm2, mean gradient <45 to 50 mm Hg, and preserved
LV systolic function should not be labeled as high risk
for a noncardiac surgery. Their perioperative cardiac
risk should be assessed by revised cardiac risk index
only, as shown by Lee et al. (9).

The adverse outcomes feared during noncardiac
surgery in patients with AS are mostly attributable
to the anesthetic and surgical stress. The fixed
aortic valve obstruction impedes an appropriate he-
modynamic response during anesthesia and stress.

TABLE 3 Perioperative Cardiac Complications During Noncardiac Surgery in Patients With “Asymptomatic Severe Aortic Stenosis” Versus
Matched Control Subjects Without AS

First Author (Ref. #)

Composite Outcome 30-Day Mortality Post-Operative MI Intraoperative Hypotension

AS Control p Value AS Control p Value AS Control p Value AS Control p Value

Calleja et al. (22) 3.3 3.3 NS 0 1.6 0.93 3.3 3.3 0.74 30 17 0.11

Agarwal et al. (17) 4.7 2.7 0.2 1.2 1.3 0.90 3.5 1.4 0.06 Not reported

Tashiro et al. (23) 12.0 12.0 1.0 3.3 2.7 0.73 1.3 1.9 NS 25.3 17.6 NS

Values are %.

NS ¼ not significant; other abbreviations as in Table 1.

TABLE 4 Relationship of Valve Area and Mean Gradient to Post-Operative Complications During Noncardiac Surgery in Patients With AS

First Author (Ref. #) AVA Mean Gradient, mm Hg Remarks

Detsky et al. (6) Not reported Gradient 50 Gradient mean or peak?

Raymer et al. (18) Mean 0.9 cm2 Not reported Death in patient AVA 0.7 cm2

Torsher et al. (19) 0.67 # 0.10 cm2 55 # 15 2 deaths: AVA 0.6 cm2

Mean gradient 49 mm Hg
AVA 0.7 cm2

Mean gradient 58 mm Hg

Kertai et al. (20) Mean 0.6 # 0.1 cm2 31% complication rate with mean
gradient >50; 11% complication
rate with mean gradient 25–49

Leibowitz et al. (31) 0.71 # 0.17 cm2 38.2 # 12.0

Calleja et al. (22) 0.8 cm2 50

Agarwal et al. (17) Severe AS <1.0 cm2,
Moderate AS 1.0–1.5 cm2

48.6 # 12.3
15.0 # 6.5

2 patients had MR 35% with EF <40%, 29.4%

Tashiro et al. (23) Mean 0.9 # 0.2 cm2 40 # 11 mm Hg Mortality 7.4% in AS V/S, 5.9% in control with
mortality 9.8%, AS V/S 2.4% when mean
gradient >50 mm Hg

AVA ¼ aortic valve area; V/S ¼ very severe/severe; other abbreviations as in Table 2.
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Chronic pressure overload-induced concentric hyper-
trophy, low myocardial compliance with pre-load–
dependent cardiac output, and low coronary reserve
with or without coronary obstruction all contribute to
this insufficiency.

A fall in vascular resistance during anesthesia re-
sults in hypotension because of inadequate compen-
satory increase in cardiac output due to fixed
obstruction. Hypotension, in turn, reduces coronary
perfusion, leading to myocardial ischemia and a
downward spiral of reduced contractility. This causes
a further fall in blood pressure and coronary perfu-
sion, ultimately leading to MI and death.

Volatile or intravenous general anesthesia tends
to reduce sinus node automaticity and may lead to
nodal rhythm, other arrhythmias, and myocardial
depression. Tachycardia and loss of atrioventri-
cular synchrony due to volatile anesthetic agents
or arrhythmias (e.g., atrial fibrillation or atrial
tachycardia) subsequently compromise the atrial
contribution to ventricular filling. This leads to heart
failure and hypotension. The presence of any other
significant valvular lesion, in particular MR or left
ventricular systolic dysfunction, further adds to the
complexity and makes perioperative management
during noncardiac surgery difficult.

CENTRAL ILLUSTRATION Concerns With Current Noncardiac Surgical Risk Assessments in Patients With Aortic Stenosis

Patients with AS
 referred for noncardiac

surgical procedure

Patients with AS 
referred for noncardiac

surgical procedure

“High risk” 
patients deemed 

ineligible for 
noncardiac 

surgical 
procedure

“Low/moderate  
risk” patients 

cleared for 
noncardiac 

surgical 
procedure

Patients not deemed at 
“increased risk” cleared for 

noncardiac surgical procedure
Avoid intraoperative

hypotension; treat aggressively 
with phenylephrine 

Avoid tachycardia with
aggressive management

of intraoperative arrhythmia

“Increased risk” patients 
should have aortic valve 

replacement before 
nonurgent, noncardiac

surgery, if possible

Use echocardiography
to assess aortic valve area, 

mean gradient and peak 
velocity, to grade 

severity of AS

Patients labeled with
“severe AS” deemed “high risk”

for noncardiac surgery, 
regardless of asymptomatic/

symptomatic status

Emphasis should be placed on "mean gradient”         
instead of aortic valve area (AVA) when  

assessing the severity of AS and its physiological 
significance. Use stress echocardiography to 

assess increase in valve gradient during exercise

“High risk” patients will often 
undergo aortic valvotomy, which 

commonly results in residual 
stenosis and unacceptable rates
of periprocedural complications, 

including death

Echocardiography may 
inaccurately estimate LVOT 

diameter and EOA, which could 
lead to overestimation

of the severity of AS 

Current ACC/AHA recommendations 
are based on studies that predate 
advances in AS assessment and 
anesthetic/surgical techniques

during noncardiac surgery

Whilst symptomatic AS patients
may experience excess adverse 

outcomes, studies show that 
asymptomatic AS patients with 
“severe AS” report similar rates

of MI or death during noncardiac 
surgery compared to controls 

Incommensurate parameters:
Studies show that 30% 

of patients with “severe AS” 
by AVA had “nonsevere

stenosis” by mean gradient, 
and that 25% had “nonsevere 

stenosis” by peak velocity

ACC/AHA guidelines define 
“severe AS” as any of these
3 parameters: 
• AVA ≤1 cm2 
• Mean gradient of ≥40 mm Hg 
• Peak velocity of ≥4 m/s

• Mean gradient >45-50 mmHg and/or valve area AVA <0.8 cm2

• Left ventricular systolic dysfunction 
• Symptomatic AS
• Associated significant mitral regurgitation or other valvular disease
• ≥18 mm Hg increase in the mean gradient during exercise
• Significant coronary artery disease

Label patients as “increased risk” for cardiac events
during noncardiac surgery if:

STATUS QUO RECOMMENDED ALTERNATIVECONCERN WITH STATUS QUO

Samarendra, P. et al. J Am Coll Cardiol. 2015; 65(3):295–302.

This figure demonstrates the clinical conundrum faced by clinicians in the evaluation of noncardiac surgical risk assessment in patients with aortic stenosis based
on current guidelines. The final column on the right illustrates potential considerations in evaluating these difficult patients. ACC/AHA ¼ American College of
Cardiology/American Heart Association; AS ¼ aortic stenosis; AVA ¼ aortic valve area; EOA ¼ effective orifice area; LVOT ¼ left ventricular outflow tract;
MI ¼ myocardial infarction.
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Compared with historical reports, the cardiac risk
during noncardiac surgery in patients with aortic
stenosis appears to have significantly declined in
recent times due to increased awareness of hemody-
namic concerns and recent advances in anesthetic
and surgical approaches. This conclusion is exempli-
fied by the 30-day mortality rates of 2.1% and <5%
reported in 2 large, recently published reports (17,23)
in patients with AS during elective noncardiac sur-
gery, comparable to the expected 1% to 5% mortality
in intermediate-risk surgery and >5% in high-risk
surgery in patients without AS mentioned in the
ACC/AHA guidelines (14). Understandably, mortality
was higher (5.9%) when emergent/urgent noncardiac
surgical procedures were included (23). A review of
published reports that included anesthetic and
intraoperative details revealed that, in these patients,
noncardiac surgeries were mostly performed using
balanced or general anesthesia. No intraoperative
deaths were reported. The most commonly reported
intraoperative event was the occurrence of hypoten-
sion requiring vasopressors, which varied in inci-
dence, ranging from 15% (22) to 30% (17) to 74% (20)
in different reports. Hypotension was aggressively
and successfully treated, preferably with phenyleph-
rine, in most instances. Phenylephrine was the
preferred vasopressor agent for treatment of hypo-
tension in these patients, perhaps because it is well
tolerated in patients with AS without impairment of
left ventricular global function. The ventricular
afterload in these patients mainly depends on the
pressure gradient across the aortic valve, rather than
on systemic vascular resistance (33). Phenylephrine
increases coronary perfusion pressure without sig-
nificant chronotropic side effects, and it also im-
proves left ventricular filling dynamics, possibly by
increasing left atrial pressure (34).

On 1 occasion, insertion of a temporary pacemaker
was required without any further adverse incidents
(20). Use of central neuraxial blocks (epidural/spinal)
was mentioned in some earlier reports, but not in
more recent reports. Their use was, perhaps, avoided
due to their potential to excessively decrease sys-
temic vascular resistance and hypotension.

In most reports, the anesthesia time and duration
of surgery were longer in patients with AS compared
with control subjects. Classic tenets of intraoperative
anesthetic management in these patients include:
avoiding decrease in pre-load; adequate volume
loading; maintaining high-normal systemic vascular
resistance and contractility; preventing prolonged
tachycardia; and maintenance of sinus rhythm. These
tenets, along with close intraoperative monitoring
with the help of an arterial line and right heart

catheter, and post-operative monitoring in intensive
care units for at least 24 to 48 h appears to have
improved the safety of noncardiac surgeries in these
patients.

In some centers, TEE is used additionally to
monitor cardiac chamber sizes intraoperatively.

In the report by Tashiro et al. (23), the presence of
atrial fibrillation was associated with higher mor-
tality in patients with severe AS undergoing non-
cardiac surgery on both univariate and multivariate
analysis. In that report, 18.4% of patients with
severe AS had atrial fibrillation, with a higher in-
cidence (24.5%) in symptomatic patients versus
asymptomatic patients (14%).

Earlier, atrial fibrillation was reported in 9.1%
of patients with mild to moderate AS in the SEAS
(Simvastatin and Ezetimibe in Aortic Stenosis) study
(35). Atrial fibrillation was reported in 10% of patients
from a 397-patient cohort, of whom 87.3% had severe
AS (AVA <1.2 cm2 by the Gorlin formula) (36). In this
report, atrial fibrillation tended to be associated with
less severe AS, lower cardiac output, lower peak
gradient, and higher pulse pressure.

Indeed, due to loss of the atrial contribution to ven-
tricular filling and loss of atrioventricular synchrony,
patients with AS poorly tolerate atrial fibrillation, and
tend to develop symptoms at the onset of the arr-
hythmia. The presence of atrial fibrillation was reported
to increase 30-day post-operative mortality (6.4%), even
in patients without AS undergoing noncardiac surgery
(37). Thus, the increased mortality in Tashiro et al. (23)
is not surprising. The presence of atrial fibrillation
in asymptomatic patients with AS raises questions
regarding their symptom status and may point toward
other associated valvular diseases, in particular mitral
valve disease, left ventricular systolic dysfunction, and/
or pulmonary hypertension from any cause.

There is not much published data on the group of
patients with paradoxical low-flow, low-gradient AS
with preserved LV systolic function. Tashiro et al. (23)
found that 10 of these patients (3.8% of the total)
did not show any additional risk of perioperative
complications.

Selection bias in the published reports cannot be
entirely ruled out, as these were all retrospective
studies and may not have included high-risk, severe
AS patients who were either referred for AVR or
did not undergo the necessary noncardiac surgery.
However, most reports used currently recommended
methods and parameters to grade the severity of
AS and have well-matched control subjects,
making them credible and representative of patients
seen in day-to-day practice. The Central Illustration
shows the current clinical conundrum and illustrates
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potential considerations during evaluation of these
difficult patients with aortic stenosis for noncardiac
surgery.

One option for risk stratification in these patients
may be assessment by echocardiography of in-
creases in valve gradients during exercise, which
may reflect high stiffness and low compliance of the
valve, indicating high likelihood of hemodynamic
compromise under anesthesia for noncardiac sur-
gery. A $18 mm Hg increase in the mean gradient
during exercise predicts increased cardiac events
during follow-up in asymptomatic, severe AS (38).
In view of the association of coronary artery disease
with aortic stenosis, the safety of these patients, at
least before intermediate- to high-risk noncardiac
procedures, should be increased by excluding
hemodynamically significant coronary artery dis-
ease, preferably by coronary angiography.

Recently, transcatheter aortic valve replacement
(TAVR) has emerged as a viable option for high-risk
patients with symptomatic aortic stenosis who
cannot undergo surgical AVR. However, there are
currently no data for the efficacy of TAVR in pa-
tients with AS undergoing noncardiac surgery.
Moreover, reported periprocedural and 30-day
TAVR outcomes (mortality 7.8%; stroke 3.2%; life-
threatening bleeding 15.6%; major vascular compli-
cation 11.9%; renal injury 7.5%; and MI 1.1%) (39)

do not appear to favor prophylactic TAVR in
asymptomatic severe AS patients undergoing
noncardiac surgery.

Advances in surgical and anesthetic techniques
(avoidance of intraoperative hypotension and treat-
ing it aggressively with phenylephrine, avoidance of
tachycardia with aggressive management of intra-
operative arrhythmia) with closer perioperative
monitoring appear to have made performance of
noncardiac procedures possible with acceptable risk
in these patients.

At least for “asymptomatic severe aortic stenosis”
patients with preserved LV systolic function and no
other significant valvular pathology, a reappraisal of
the grading of the severity of AS in general and
reassessment of perioperative risk during noncardiac
surgery is urgently needed.

ACKNOWLEDGMENTS The authors thank Vishnu-
priya Samarendra, MS III, University of Pittsburgh
Medical School, and Ms. Tammy Pappert Outly, RN,
MSN, ACNP-BC, AACC, for their contributions to the
preparation of the manuscript.

REPRINT REQUESTS AND CORRESPONDENCE: Dr.
Padmaraj Samarendra, VAPHS, VA Medical Center, Univer-
sity Drive C, Oakland, Pittsburgh, Pennsylvania 15240.
E-mail: Padmaraj@aol.com OR Padmara.Samarendra@
va.gov.

RE F E RENCE S

1. Lindroos M, Kupari M, Heikkila J, et al. Preva-
lence of aortic valve abnormalities in the elderly:
an echocardiographic study of a random popula-
tion sample. J Am Coll Cardiol 1993;21:1220–5.

2. Nikomo VT, Gardin JM, Skelton TN, et al.
Burden of valvular heart diseases: a population-
based study. Lancet 2006;368:1005–11.

3. Stewart BF, Siscovick D, Lind BK, et al. Clinical
factors associated with calcific aortic valve dis-
ease. Cardiovascular Health Study. J Am Coll
Cardiol 1997;29:630–4.

4. Skinner JF, Pearce ML. Surgical risk in the
cardiac patient. J Chronic Dis 1964;17:57–72.

5. Goldman L, Caldera DL, Nussbaum SR, et al.
Multifactorial index of cardiac risk in noncardiac
surgical procedures. N Engl J Med 1977;297:
845–50.

6. Detsky AS, Abrams HB, McLaughlin JR, et al. Pre-
dicting cardiac complications in patients undergoing
non-cardiac surgery. J Gen Inter Med 1986;1:211–9.

7. Rohde LE, Polanczyk CA, Goldman L, et al. Use-
fulness of transthoracic echocardiography at a tool
for risk stratification of patients undergoing major
noncardiac surgery. Am J Cardiol 2001;87:505–9.

8. Zahid M, Sonel AF, Saba S, et al. Perioperative
risk of noncardiac surgery associated with aortic
stenosis. Am J Cardiol 2005;96:436–8.

9. Lee TH, Marcantonio ER, Mangione CM,
et al. Derivation and prospective validation of
a simple index for prediction of cardiac risk of
major noncardiac surgery. Circulation 1999;100:
1043–9.

10. Goodney PP, O’Connor GT, Wennberg DE,
et al. Do hospitals with low mortality rates in
coronary artery bypass also perform well in valve
replacement? Ann Thoracic Surgery 2003;76:
1131–6. discussion 1136–7.

11. Hammermeister K, Sethi GK, Henderson WG,
et al. Outcomes 15 years after valve replacement
with a mechanical versus a bioprosthetic valve:
final report of the Veteran Affairs randomized
trial. J Am Coll Cardiol 2000;36:1152–8.

12. Ben-Dor I, Pichard AD, Satler LF, et al. Com-
plications and outcome of balloon aortic valvulo-
plasty in high risk or inoperable patients. J Am Coll
Cardiol Intv 2010;11:1150–6.

13. Bonow RO, Carabello BA, Chatterjee K, et al.
ACC/AHA 2006 guidelines for the management of
patients with valvular heart disease: a report of
the American College of Cardiology/American
Heart Association Task Force on Practice Guide-
lines (Writing Committee to Revise the 1998
Guidelines for the Management of Patients With
Valvular Heart Disease). J Am Coll Cardiol 2006;
48:e1–148.

14. Fleisher LA, Beckman JA, Brown KA, et al.
ACC/AHA 2007 guidelines on perioperative
cardiovascular evaluation and care for noncar-
diac surgery: a report of the American College
of Cardiology/American Heart Association Task
Force on Practice Guidelines (Writing Committee
to Revise the 2002 Guidelines on Peri-
operative Cardiovascular Evaluation for Non-
cardiac Surgery). J Am Coll Cardiol 2007;50:
e159–241.

15. Nishimura RA, Otto CM, Bonow RO, et al.
2014 ACC/AHA guideline for the management
of patients with valvular heart disease: a
report of the American College of Cardiology/
American Heart Association Task Force on
Practice Guidelines. J Am Coll Cardiol 2014;
63:e57–185.

16. Fleisher LA, Fleischmann KE, Auerbach AD,
et al. 2014 ACC/AHA guidelines on periopera-
tive cardiovascular evaluation and management
of patients undergoing noncardiac surgery: a
report of the American College of Cardiology/
American Heart Association Task Force on
Practice Guidelines. J Am Coll Cardiol 2014;64:
2372–405.

17. Agarwal S, Rajamanickam A, Bajaj NS, et al.
Impact of aortic stenosis on postoperative out-
comes after noncardiac surgeries. Circ Cardiovasc
Qual Outcomes 2013;6:193–200.

J A C C V O L . 6 5 , N O . 3 , 2 0 1 5 Samarendra and Mangione
J A N U A R Y 2 7 , 2 0 1 5 : 2 9 5 – 3 0 2 Aortic Stenosis and Noncardiac Surgery

301

John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


mailto:Padmaraj@aol.com
mailto:Padmara.Samarendra@va.gov
mailto:Padmara.Samarendra@va.gov
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref1
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref1
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref1
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref1
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref2
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref2
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref2
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref3
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref3
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref3
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref3
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref4
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref4
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref5
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref5
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref5
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref5
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref6
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref6
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref6
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref7
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref7
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref7
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref7
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref8
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref8
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref8
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref9
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref9
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref9
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref9
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref9
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref10
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref10
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref10
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref10
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref10
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref11
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref11
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref11
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref11
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref11
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref12
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref12
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref12
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref12
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref13
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref13
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref13
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref13
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref13
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref13
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref13
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref13
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref13
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref14
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref14
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref14
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref14
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref14
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref14
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref14
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref14
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref14
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref14
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref15
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref15
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref15
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref15
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref15
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref15
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref15
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref16
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref16
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref16
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref16
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref16
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref16
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref16
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref16
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref18
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref18
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref18
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref18


18. Raymer K, Yang H. Patients with aortic ste-
nosis: cardiac complications in non-cardiac sur-
gery. Can J Anesthes 1998;45:855–9.

19. Torsher LC, Shub C, Rettke SR, et al. Risk
of patients with severe aortic stenosis undergoing
noncardiac surgery. Am J Cardiol 1998;81:448–52.

20. Kertai MD, Bountioukos M, Boersma E, et al.
Aortic stenosis: an underestimated risk factor for
perioperative complications in patients undergo-
ing noncardiac surgery. Am J Med 2004;116:8–13.

21. O’Keefe JH Jr., Shub C, Bettke SR. Risk of
noncardiac surgical procedures in patients with
aortic stenosis. Mayo Clinic Proc 1989;64:400–5.

22. Calleja AM, Dommaraju S, Gaddam R, et al.
Cardiac risk in patients aged >75 years with
asymptomatic, severe aortic stenosis undergoing
non-cardiac surgery. Am J Cardiol 2010;105:
1159–63.

23. Tashiro T, Pislaru SV, Blustin JM, et al. Peri-
operative risk of major non-cardiac surgery in
patients with severe aortic stenosis: a reappraisal
in contemporary practice. Eur Heart J 2014;35:
2372–81.

24. Minners J, Allegeier M, Gohlke-Baerwolf C,
et al. Inconsistencies of echocardiographic criteria
for the grading of aortic valve stenosis. Eur Heart J
2008;29:1043–8.

25. Flachskampf FA, Weyman AE, Guerrero JL,
et al. Influence of orifice geometry on effective
valve area: an in vitro study. J Am Coll Cardiol
1990;15:1173–80.

26. Gilon D, Cape EG, Handschumacher MD, et al.
Effect of three-dimensional valve shape on
the hemodynamics of aortic stenosis: three-
dimensional echocardiographic stereolithography

and patient studies. J Am Coll Cardiol 2002;40:
1479–86.

27. Dumesnil JG, Yoganathan AP. Theoretical and
practical differences between the Gorlin formula
and the continuity equation for calculating aortic
and mitral valve areas. Am J Cardiol 1991;67:
1268–72.

28. Pellikka PA, Sarano ME, Nishimura RA, et al.
Outcomes of 622 adults with asymptomatic, he-
modynamically significant aortic stenosis during
prolonged follow-up. Circulation 2005;111:
3290–5.

29. Otto CM, Burwash IG, Legget ME, et al.
Prospective study of asymptomatic valvular
aortic stenosis. Clinical, echocardiographic, and
exercise predictors of outcome. Circulation 1997;
95:2262–70.

30. Vahanian A, Baumgartner H, Bax J, et al.
Guidelines on the management of valvular heart
disease: the Task Force on the Management of
Valvular Heart Disease of the European Society
of Cardiology. Eur Heart J 2007;28:230–68.

31. Leibowitz D, Rivkin G, Schiffman J, et al. Effect
of severe aortic stenosis on the outcome in
elderly patients undergoing repair of hip fracture.
Gerontology 2009;55:303–6.

32. Das P, Rimington H, Smeeton N, et al.
Determinants of symptoms and exercise capacity
in aortic stenosis: a comparison of resting hemo-
dynamics and valve compliance during dobut-
amine stress. Eur Heart J 2003;24:1254–63.

33. Goertz AW, Linder KH, Seefelder C, et al.
Effect of phenylephrine bolus administration
on global left ventricular function in patients
with coronary artery disease and patients with

valvular aortic stenosis. Anesthesiology 1993;78:
834–41.

34. Goertz AW, Linder KH, Schutz W, et al. Influ-
ence of phenylephrine bolus administration on left
ventricular filling dynamics in patients with coro-
nary artery disease and patients with valvular
aortic stenosis. Anesthesiology 1994;81:49–58.

35. Greve AM, Gerdts E, Boman K, et al. Prog-
nostic importance of atrial fibrillation in asymp-
tomatic aortic stenosis: the Simvastatin and
Ezetimibe in Aortic Stenosis study. Int J Cardiol
2013;166:72–6.

36. Lombard JT, Selzer A. Valvular aortic stenosis.
A clinical and hemodynamic profile of patients.
Ann Intern Med 1987;106:292–8.

37. Van Diepen S, Bakal JA, McAlister FA, et al.
Mortality and readmission of patients with heart
failure, atrial fibrillation, or coronary artery disease
undergoing noncardiac surgery: an analysis of 38
047 patients. Circulation 2011;124:289–96.

38. Lancellotti P, Lebois F, Simon M, et al.
Prognostic importance of quantitative exer-
cise Doppler echocardiography in asymptomatic
valvular aortic stenosis. Circulation 2005;112:
I377–82.

39. Genereux P, Head SJ, Van Mieghem NM, et al.
Clinical outcomes after transcatheter aortic valve
replacement using valve academic research con-
sortium definitions: a weighted meta-analysis of
3.519 patients from 16 studies. J Am Coll Cardiol
2012;59:2317–26.

KEY WORDS clinical outcomes,
heart failure, hypotension,
intraoperative monitoring, phenylephrine

Samarendra and Mangione J A C C V O L . 6 5 , N O . 3 , 2 0 1 5

Aortic Stenosis and Noncardiac Surgery J A N U A R Y 2 7 , 2 0 1 5 : 2 9 5 – 3 0 2

302

http://refhub.elsevier.com/S0735-1097(14)07010-7/sref19
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref19
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref19
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref20
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref20
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref20
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref21
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref21
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref21
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref21
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref22
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref22
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref22
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref17
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref17
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref17
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref17
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref17
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref17
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref23
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref23
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref23
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref23
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref23
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref24
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref24
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref24
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref24
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref25
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref25
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref25
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref25
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref26
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref26
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref26
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref26
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref26
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref26
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref27
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref27
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref27
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref27
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref27
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref28
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref28
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref28
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref28
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref28
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref29
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref29
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref29
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref29
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref29
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref30
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref30
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref30
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref30
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref30
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref31
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref31
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref31
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref31
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref32
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref32
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref32
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref32
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref32
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref33
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref33
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref33
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref33
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref33
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref33
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref34
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref34
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref34
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref34
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref34
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref35
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref35
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref35
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref35
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref35
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref36
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref36
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref36
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref37
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref37
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref37
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref37
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref37
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref38
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref38
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref38
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref38
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref38
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref39
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref39
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref39
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref39
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref39
http://refhub.elsevier.com/S0735-1097(14)07010-7/sref39

	Aortic Stenosis and Perioperative Risk With Noncardiac Surgery
	Acknowledgments
	References


