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Preoperative and Perioperative Care for
Patients With Suspected or Established
Aortic Stenosis Facing Noncardiac
Surgery*

Michael Christ, MD; Yulia Sharkova, MD; Götz Geldner, MD; and
Bernhard Maisch, MD

Current medicine has displayed a trend toward less interfering techniques but more invasive
surgical approaches in older patients with more comorbidities. In this population, the prevalence
of symptomatic cardiac disease including aortic stenosis is increased. More than 25 years have
elapsed since severe aortic stenosis was identified as an independent, important risk factor for
patients undergoing general anesthesia for noncardiac surgery. Despite impressive advances in
anesthesiologic and surgical techniques, morbidity and mortality in patients with severe aortic
stenosis remains high. Published study results clearly show that adverse perioperative risk in
patients with aortic stenosis depends on the interaction of factors such as the severity of valve
disease, concomitant coronary artery disease, and the severity and/or urgency of the surgical
procedures. The mainstay of preoperative evaluation remains the obtaining of a comprehensive
preoperative medical history and a physical examination, while transthoracic echocardiography
is necessary to establish or exclude hemodynamically relevant aortic stenosis in selected patients.
Perioperative care is established in patients with asymptomatic aortic stenosis and/or those
undergoing low-risk surgery. However, further preoperative testing or aortic valve replacement
prior to noncardiac surgery should be discussed individually with the patients awaiting urgent
surgical procedures who are at medium or high risk. At this point, decisions should be made in
an interdisciplinary manner, including the opinions/wishes of the patient and the patient’s family.

(CHEST 2005; 128:2944–2953)
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C urrent medicine displays a trend toward less
interfering techniques but more invasive surgi-

cal approaches in older and sicker patients. In this
population, the prevalence of symptomatic cardiac
disease including aortic stenosis is increased, result-
ing in an elevated risk for perioperative morbidity
and mortality during noncardiac surgery. This over-
view covers important aspects of preoperative/peri-

operative care in patients who are at increased risk
for or have established aortic stenosis and are facing
noncardiac surgery.

Problem Definition: Perioperative Risk
Assessment in Noncardiac Surgery

Cardiac complications due to coronary artery dis-
ease (CAD) pose the most important risks to patients
during noncardiac surgery: about 25% of patients
scheduled for noncardiac surgery have coronary risk
factors or known CAD,1 and up to 12% of high-risk
patients undergoing high-risk vascular surgery will
have a perioperative myocardial infarction.2 This
contributes to a high morbidity and mortality rate
and to a high economic burden due to the required
management of those complications.3

Since the landmark studies of Goldman et al2 and
Detsky et al,4 the physician’s ability to identify
patients who are at elevated risk for perioperative
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cardiac complications has increased substantially. Of
note, increased perioperative/postoperative risk is
dependent on a mixture of both patient-related and
procedure-related factors (Table 1).

Although the ultimate goal of presurgical risk
evaluation is to reduce the morbidity and mortality
associated with surgery, and to restore the patient
quickly to the desired level of functioning, it is not
prudent to order all available tests for every patient
in every situation. This is highlighted by the inter-
esting findings of Schein et al5: about 19,000 patients
who were scheduled for cataract surgery were ran-
domly assigned to be thoroughly evaluated or not to
be thoroughly evaluated using several medical tests
before surgery. The overall rate of complications was
the same in both groups (approximately 3%). Thus,
routine medical testing before low-risk procedures
does not significantly increase the safety of surgery.

The medical consultant and/or the anesthetist
have to rely primarily on the medical history and
physical examination, including an evaluation of the
patient’s functional status, to make preoperative
assessments. Subsequently, the consultant must
choose from appropriate diagnostic tests (eg, exer-
cise stress testing and stress echocardiography6) to
confirm his clinical impressions and to account for
the risks of the surgical procedures (ie, high-risk vs
low-risk procedure or planned vs urgent surgery).6
Diagnostic tests should only be ordered when pre-
operative therapeutic strategies such as medical
treatment or interventions (eg, percutaneous coro-
nary intervention and coronary artery bypass graft-
ing) appear to be helpful.6,7

Aortic Valve Disease and Cardiovascular
Risk in Noncardiac Surgery

Aortic valve stenosis is the most common valvular
heart disease in the elderly.8–10 Degeneration of the

aortic cusps evolves with age and the population is
aging in industrialized countries.11 Large studies
report that 2 to 9% of adults who are � 65 years of
age are affected by aortic stenosis,8,9 which has major
implications for health-care providers. Additionally,
approximately 1 to 2% of the general population is
born with a bicuspid aortic valve, which is prone to
early degeneration and calcification. Thus, even
younger patients (ie, those � 65 years old) may be at
increased risk for aortic valve stenosis.

The increased perioperative risk during noncar-
diac surgery is highlighted by the landmark studies of
Stewart et al8 and Lindroos et al,9 who reported that
patients with severe aortic stenosis face a 17.3% risk
of cardiac complications and a 13% mortality rate
during noncardiac surgery. Despite impressive ad-
vances in anesthesiologic techniques during the past
few years, the risks of noncardiac surgery in patients
with aortic stenosis remain high (Table 2),12–15,38,39

as follows:
• In a retrospective cohort study12 performed be-

tween 1991 and 2000, the composite end point of
perioperative mortality and nonfatal myocardial
infarction was more common in patients with
aortic stenosis than in those without it (14% vs 2%,
respectively). An adverse outcome was more com-
mon in patients with advanced aortic valve disease
(patients with an aortic valve area of � 0.7 cm2 or
a mean gradient of � 50 mm Hg, 31%; patients
with an aortic valve area of 0.7 to 1 cm2 or a mean
gradient of 25 to 49 mm Hg, 11%).

• In a study13 evaluating the predictive role of
transthoracic echocardiography, the relative risk
for perioperative cardiac complications was 6.8 in
patients with a peak instantaneous gradient of
� 40 mm Hg.

However, perioperative risks appear to be low in
patients undergoing low-risk procedures or in se-
lected patients, as follows:

Table 1—Risk Factors for Adverse Events in Noncardiac Surgery*

Patient-Related Procedure-Related

Unstable coronary syndromes High-risk surgery:
CAD Aortic and other major vascular surgery
Chronic heart failure Peripheral vascular surgery
Severe or symptomatic valvular disease
Diabetes mellitus (especially insulin requiring)

Anticipated, prolonged surgical procedures associated with large
fluid shifts and/or blood loss

Renal insufficiency Surgical emergencies
Poor functional status (MET � 4)
Arrhythmias
Uncontrolled systemic hypertension
Obstructive or restrictive pulmonary disease
Hematologic disorders

*MET � metabolic equivalent.
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• Patients with a low risk score for CAD had no
adverse perioperative outcomes.12

• No deaths occurring during noncardiac surgery
were reported in a retrospective analysis14 of 48
consecutive patients with severe aortic stenosis
(mean aortic valve area, 0.6 cm2; 36 symptomatic
patients). However, seven patients experienced
perioperative events. No patients in a subgroup of
25 patients with severe aortic stenosis who were
undergoing noncardiac surgery under local anes-
thesia experienced a cardiac event.

• Two of 19 elderly patients with severe, symptom-
atic aortic stenosis had postoperative complica-
tions and subsequently died. Hypotensive epi-
sodes have been treated promptly in those patients
with �-adrenergic agonists.15

Although no systematic, prospective studies are
currently available on this topic, these findings
clearly show that adverse perioperative risk in pa-
tients with aortic stenosis depends (1) the severity of
the aortic stenosis, (2) the presence of concomitant
CAD, which is present in up to 50% of patients with
aortic stenosis,16–20 and (3) the severity of the surgi-
cal procedures, including the involvement of volume
shifts and/or the instability of perfusion during sys-
temic hypotension.

Preoperative Risk Assessment in Patients
With Aortic Stenosis

The essential issue during preoperative assess-
ment is to estimate the risk/benefit ratio between the

risk of noncardiac surgery and the severity of aortic
stenosis. However, different definitions of disease
severity have been used in published studies, imped-
ing the simple interpretation of those studies. Irre-
spective of noncardiac surgery, symptomatic patients
with severe aortic stenosis, determined according to
the definitions published by an American College of
Cardiology/American Heart Association task force,21

are at a highly increased risk for experiencing ad-
verse events during follow-up. Even asymptomatic
patients with severe aortic stenosis display a 1 to 2%
risk of sudden cardiac death, while patients with
moderate aortic stenosis display an overall risk that is
comparable to that of the general “healthy” popula-
tion.11,21 On the basis of a variety of data on hemo-
dynamics and natural history, moderate aortic steno-
sis was defined as an aortic valve area of 1.0 to 1.5
cm2 (mean transvalvular gradient, approximately 25
to 50 mm Hg at normal cardiac output), and severe
aortic stenosis was defined as an aortic valve area of
� 1.0 cm2. When stenosis is severe and cardiac
output is normal, the mean transvalvular gradient is
generally � 50 mm Hg.21 The critical reduction of
the aortic valve area individually depends on the
body height and size of the affected patients, and
Doppler echocardiography data should be included
for quantification. Asymptomatic patients with a
peak transvalvular jet velocity of � 4 m/s have a
� 50% likelihood of symptom onset or death within
2 years.22 None of the latter patients with moderately
sized aortic stenoses died suddenly. Adverse events
were unlikely to develop during follow-up in patients
with a jet velocity of � 3 m/s.22 All of those data were

Table 2—Cardiovascular Risk in Patients With Aortic Stenosis Facing Noncardiac Surgery*

Study/Year

AS/All
Patients,

No.

Age of
Patients

With AS,† yr

EF of the
Patients

With AS,† % Study Type
RR

(95% CI)

Perioperative/Postoperative Cardiac
Events/Cardiac Deaths
in Patients With AS vs
Patients Without AS

Goldman et al2/1977 23/1,001‡ NA§ NA Prospective 3.2 1 (4%)/3 (13%) vs 38 (4%)/16 (1.6%)
O’Keefe et al14/1989 48/NA 73 � 11 55 � 15% Retrospective NA 7 (14%)/0�

Torsher et al15/1998 19/NA¶ 75 � 8 61 � 11% Retrospective NA 1 (5%)/2 (11%)�
Raymer and Yang38/

1998
55/110 73 NA Retrospective case

controlled
No correlation

found
5 (9%)/1 (2%) vs 6 (11%)/0

Lee et al39/1999 NA/2,893 NA NA Prospective No correlation
found

NA

Rohde et al13/2001 67/570 NA NA Retrospective 6.8# (1.3–31) 44 (8%)/NA for all patients
Kertai et al12/2004 108/324 69 � 10 NA (64% with

EF � 55%)
Retrospective case/

controlled
5.2** (1.6–17) 15 (14%) vs 4 (2%) for all events

*AS � aortic valve stenosis; C � control patients; NA � not available; EF � ejection fraction; RR � relative risk; CI � confidence interval.
†Values given as mean � SD.
‡Important aortic stenosis was defined as a systolic ejection murmur of at least grade 2 of 6 accompanied by carotid artery and cardiac examination
findings consistent with aortic stenosis.

§A total of 32.4% of patients were � 70 years of age.
�Only for patients with aortic valve stenosis.
¶Patients with a mean aortic valve gradient of � 50 mm Hg.
#For a peak gradient of � 40mm Hg.
**For a mean gradient of � 25 mm Hg.
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derived from observational data of large populations,
which do not reflect the perioperative situation of
patients with aortic stenosis. Nevertheless, we used
the definitions cited above for a clear, traceable risk
assessment of adult patients, since these definitions
appear to give reliable estimates even for valve-
related risk during noncardiac surgery. Operative
risk stratification should further include the conse-
quences of severe aortic stenosis, such as left ven-
tricular (LV) hypertrophy and LV dysfunction, and
the type of noncardiac surgery.

How to Deal With the Healthy Patient
Facing Noncardiac Surgery

The obtaining of a medical history and a physical
examination are the cornerstones of the preoperative
evaluation of all patients. It is not feasible and not
cost-effective to conduct an echocardiographic study in
every patient during the preoperative setting.14 Cardiac
murmurs are common in asymptomatic patients facing
noncardiac surgery. Aortic stenosis can be recognized
during the physical examination by the presence of a
low-frequency, systolic ejection murmur. Other find-
ings may include the following: (1) a soft S2 during
auscultation due to a lack of or a delay of aortic valve
closure; (2) the arterial pulse described as “parvus and
tardus,” best appreciated in the carotid artery; and (3) a
sustained cardiac impulse at the apex, which is initially
normal in the location.

Therefore, the medical consultants, surgeons,
and/or anesthesiologists must be trained to distin-
guish organic from functional systolic murmurs to
determine which patients require further quantifica-
tion of the severity of valvular disease. Due to the
large amount of responsibility of the consultant
concerning the health and well-being of patients
with possible aortic stenosis and the high degree of
uncertainty during auscultation, especially in un-
trained physicians, we recommend conducting echo-
cardiography in every unclear situation, especially in
patients with a poor functional status to get exact
information about the seriousness of the valve dis-
ease (Fig 1). Echocardiographic studies may provide
data on whether perioperative antibiotic prophylaxis
for endocarditis is required (Tables 3, 4).

Degenerative aortic valve disease is often associ-
ated with CAD.19–21 Up to 50% of patients with
aortic stenosis and typical angina have been reported
to display relevant CAD. Even in patients who are
� 40 years old and have aortic stenosis with no chest
pain and no coronary risk factors, the prevalence of
CAD is 3 to 5%.21 Exercise stress testing or stress
echocardiography will probably help to identify af-
fected patients who are at increased risk for CAD

(Fig 1). Patients with mild-to-moderate aortic steno-
sis and a risk for CAD will presumably benefit from
perioperative �-blocker treatment,23 although this
has not been systematically evaluated in this situa-
tion. In addition, relevant carotid artery disease may
be associated with aortic valve stenosis and should be
included in the preoperative risk evaluation. If the
noncardiac surgery can be postponed and the peak
instantaneous gradient is high, we would even per-
form coronary angiography in order to plan aortic
valve replacement with or without coronary bypass
grafting before high-risk noncardiac surgery (Fig 1).
Noncardiac surgery can be safely performed 3 months
after coronary bypass grafting with an overall cardiac
risk reduction from 3.3 to 1.7%.6 There is also a paucity
of data addressing the timing of valve repair/replace-
ment prior to elective noncardiac surgery. Conven-
tional practice dictates that the indications are the same
as in the absence of noncardiac surgery.21 Elective
patients with severe asymptomatic aortic stenosis usu-
ally undergo valve surgery first. Of note, the risks of
anticoagulation therapy during neurosurgery and con-
cerns posed by the use of prosthetic valves (ie, infection
secondary to abdominal surgery) may represent an
indication for a combined procedure in selected cases,
with the noncardiac operation performed immediately
after the valve surgery. Also, palliative noncardiac sur-
gery (eg, partial cancer resection for relief of symp-
toms) may be performed in patients with severe aortic
stenosis whose short-to-mid-term life expectancy is
poor (Fig 1). In selected patients who are at very high
risk, a nonsurgical palliative approach may be chosen.
Since those individual approaches have not been eval-
uated systematically, we try to make decisions in an
interdisciplinary manner and to include the opinions/
wishes of the patient and the patient’s family.

Value of Medical Consultation in
Patients With Aortic Stenosis

A medical consultant is often contacted at the
request of the surgeon or the primary care physician
prior to the consideration of a surgical referral. The
goals of a medical consultation are (1) to identify
unrecognized comorbid disease and (2) to optimize
the preoperative medical condition as a member of
the preoperative team. This should include recom-
mendations on prophylaxis for venous thrombembo-
lism and endocarditis, especially in patients with
aortic stenosis with or without atrial arrhythmias.24,25

Obtaining a medical history, performing a physical
examination, and ordering specific technical tests for
confirmation of the diagnosis, consultants identify
medical conditions that are related to surgical out-
come, occasionally delaying noncardiac surgery.26,27
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Such procedures may decrease the length of hospital
stay during noncardiac surgery.28 However, no study
has evaluated whether perioperative morbidity or
mortality is improved with perioperative care by
medical consultation, and a high degree of misun-
derstandings between consultants and referring phy-
sicians has been reported.29

Value of Echocardiography in
Asymptomatic Patients With Aortic

Stenosis

To our knowledge, the clinical value of echocardi-
ography in asymptomatic patients with aortic stenosis
facing noncardiac surgery has not been systemati-
cally examined. However, the rates of major adverse

events in patients with asymptomatic aortic stenosis
have been high in older reports,2 while the rates of
fatal cardiac complications were considerably lower
in newer reports,14,15 even when only patients with
severe aortic stenosis have been analyzed. Gradua-
tion of aortic stenosis was preoperatively available in
the patients of latter studies, but not in the studies of
Goldman et al2 and Detsky et al.4 Improvements in
anesthetic and surgical techniques during the last 20
years and knowledge about the presence and severity
of aortic stenosis may be responsible for improved
outcomes during noncardiac surgery. One report15

from the Mayo Clinic in Rochester, MN, confirms
our opinion. In this retrospective analysis, the rate of
complications was tremendously higher in patients
with unrecognized severe aortic stenosis before

Figure 1. Diagnostic algorithm suggested for the preoperative evaluation of patients with suspected or
established aortic stenosis who have been scheduled for noncardiac surgery. Antimicrobial prophylaxis is
mandatory in recommended surgical procedures (see Table 3, 4). Also, palliative noncardiac surgery (eg,
partial cancer resection for relief of symptoms) may be performed in patients with severe aortic stenosis
whose short-term to mid-term life expectancy is poor. In selected patients who are at very high risk, a
nonsurgical palliative approach may be chosen. Since those strategies have not been evaluated in prospective
studies, decisions should be made in an interdisciplinary manner, including the opinions/wishes of the
patient and the patient’s family. AS � aortic stenosis; CAS � carotid artery stenosis; LV-EF � LV ejection
fraction; CABG � coronary artery bypass grafting; PCI � percutaneous coronary intervention; * � the risks
of anticoagulation during neurosurgery and concerns posed by prosthetic valves (eg, infection secondary to
abdominal surgery) may represent an indication for a combined procedure in selected cases, with the
noncardiac operation performed immediately after the valve surgery; # � the decision about medical or
interventional therapy should be made according to American College of Cardiology/American Heart
Association recommendations.6
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higher risk surgery compared to those patients who
had undergone a preoperative echocardiographic
evaluation. The knowledge of the severity of the
aortic stenosis appears to be essential for the peri-
operative and postoperative management of patients.
Thus, echocardiographic evaluation should be per-
formed in every patient with suspected aortic steno-
sis who had been scheduled for surgery.

Echocardiographic Measures in the
Diagnosis of Aortic Stenosis

Echocardiography plays a major role in the evalu-
ation of the severity of aortic stenosis and has
replaced cardiac catheterization for the assessment
of aortic stenosis in many centers. Catheterization is
now performed almost only when coronary angiog-

Table 3—Nondental Surgical Procedures Related With Increased Risk for Endocarditis in Patients
With Aortic Stenosis

Location Endocarditis Prophylaxis Recommended Endocarditis Prophylaxis Not Recommended

Respiratory tract
Tonsillectomy and/or adenoidectomy Endotracheal intubation
Surgical procedures that involve the respiratory mucosa Bronchoscopy with a flexible bronchoscope with or

without biopsy
Bronchoscopy with a rigid bronchoscope Tympanostomy tube insertion

GI tract
Sclerotherapy for esophageal varices Transesophageal echocardiography
Esophageal stricture dilation Endoscopy with or without GI tract biopsy
Endoscopic retrograde cholangiopancreatography with

biliary obstruction
Biliary tract surgery
Surgical operations that involve the intestinal mucosa

Genitourinary tract
Prostatic surgery Vaginal hysterectomy
Cystoscopy Vaginal delivery
Urethral dilation Cesarean section

In uninfected tissue
Urethral catheterization
Uterine dilation
Therapeutic abortion
Sterilization procedures
Insertion of intrauterine devices
Insertion of intrauterine devices

Surgery at infected tissue Cardiac catheterization including balloon angioplasty
Implanted cardiac pacemakers, defibrillators, and

coronary stents
Incision/biopsy of surgically scrubbed skin
Circumcision

*Adapted from Bonow et al21 and Dajani et al.25

Table 4—Suggested Antimicrobial Prophylaxis in Patients With Aortic Stenosis*

Procedures
Drugs and Doses for Adults at Moderate Risk for Bacterial

Endocarditis

Dental, oral, or upper respiratory tract procedures Amoxicillin (2 g po single dose) 1 h before the procedure
For penicillin allergic patients

Clindamycin (600 mg single dose)
Or oral cephalexin or cefadroxil (2 g)
Or oral azithromycin (500 mg)

Unable to take oral drugs
Ampicillin (2 g IV or IM) 30 min before the procedure
Or clindamycin (600 mg IV)
Or cefazolin (1 g IV or IM) for penicillin allergy

Genitourinary or GI procedures Amoxicillin (2 g po)
Or ampicillin (2 g IV or IM) 30 min before the procedure
Give vancomycin (1 g IV over 1–2 h) for patients allergic to penicillin

*Adapted from Bonow et al21 and Dajani et al.25
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raphy is required.30 The most common cause of
aortic stenosis in older patients is degeneration and
calcification, while stenosis of the bicuspid valve is
more common in younger adults. Two-dimensional
echocardiography is helpful in assessing the mor-
phology of the aortic valve and helps in the decision
to provide perioperative antibiotic prophylaxis in
patients undergoing high-risk or medium-risk sur-
gery (Tables 3, 4).25 Two-dimensional echocardiog-
raphy also delineates other structural abnormalities
such as LV hypertrophy, systolic dysfunction, and/or
other valvular disease, which may further change the
perioperative/postoperative risk during noncardiac
surgery. Aortic stenosis is accurately quantified by
continuous-wave Doppler echocardiography in pa-
tients with preserved LV function by using the
pressure gradient across the aortic valve (ie, the
mean pressure gradient and the maximum instanta-
neous gradient). The aortic valve area can be deter-
mined by planimetry and can be calculated using the
continuity equation.30

Preoperative Considerations of the
Anesthesiologist

Effective communication of the particular valvular
lesion and its severity to the anesthesiologist and to
the members of the surgical team is necessary to
tailor perioperative care. As already stated for car-
diovascular adverse events in noncardiac surgery, the
type of surgery (Table 1) influences outcome in
affected patients with aortic stenosis.6 Therefore, it is
of major importance to score the type of surgery and
the physical exercise capacity of the patients into
three classes, as has been suggested.6 A good phys-
ical status (class 1) presumably enables the patient to
undergo any surgical procedure with low risk despite
severe aortic stenosis. In contrast, the postponing of
elective noncardiac high-risk surgery may be advis-
able in patients with recent cardiac symptoms/de-
compensation (class 3) and aortic valve replacement
before noncardiac surgery may be advisable (Fig 1).
If this is not possible or if there can be no further
delays in surgery, patients will be at high risk for a
cardiac event during noncardiac surgery.

The group of patients with a mean transvalvular
pressure gradient � 50 mm Hg and a fair physical
status are at intermediate risk (class 2) and will
usually show no problems during low-to-medium-
risk procedures. However, the rate of complications
increases in higher risk surgery. To our knowledge,
the perioperative risk of patients with aortic stenosis
and a moderately or severely depressed LV ejection
fraction has not been systematically examined. The
overall prognosis of patients with severe aortic ste-

nosis and reduced LV ejection fraction is re-
duced11,21 and is comparable to that of CAD patients
with reduced LV function. The perioperative risk of
former patients with aortic stenosis during noncar-
diac surgery is presumably high.

Management of Anesthesia in Patients
With Aortic Stenosis During Noncardiac

Surgery

The chronic pressure overload state induced by
aortic stenosis results in concentric hypertrophy,
subsequently reducing the compliance of the LV.
Thus, ventricular filling is more dependent on pre-
load and the functioning of the ventricular filling by
the atria. It is not surprising that sinus tachycardia or
atrial arrhythmias can worsen LV load, leading to
heart failure in patients with aortic stenosis. In
addition, concentric hypertrophy results in reduced
coronary reserve. Thus, decreases in systemic vascu-
lar resistance may result in myocardial ischemia due
to systemic hypotension and reduced coronary per-
fusion. In conclusion, the maintenance of normal
sinus rhythm, adequate systemic resistance, and
vascular volume are mandatory during anesthesia in
patients with severe aortic stenosis. An adequate
volume load is probably better than hypovolemia,
and systemic hypotension should be aggressively
treated preferably with �-adrenergic agonists.31–33 In
patients with aortic stenosis and insufficiency, the
anesthesiologic management should be focused on
the leading cause of aortic valve dysfunction.

Patients undergoing surgical procedures that in-
duce an increase in the abdominal pressure (eg,
laparoscopic procedures) or a quick and intense
increase in the systemic BP (eg, cross-clamping
maneuvers in vascular surgery) are at the highest risk
for a perioperative cardiac event (Table 1). There-
fore, a sufficient depth of general anesthesia, pref-
erably opioid-based, is mandatory to avoid BP peaks
and tachycardia. Epidural catheters employing local
anesthetics with or without opioids play an important
role in postoperative pain management, taking a
reduced systemic vascular resistance into account,
which should be intraoperatively treated with �-ad-
renergic agonists. Although the results of random-
ized controlled studies investigating anesthetic care
in patients with aortic stenosis are lacking, beneficial
effects may be expected.

Large clinical studies with adequate power are
lacking that address specific anesthetic monitoring
practice in patients with aortic stenosis during non-
cardiac surgery. ECG monitoring appears to be the
simplest and most cost-effective way to control for
sinus rhythm. The heart rate should be maintained at
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50 to 60 beats/min in patients with aortic stenosis
during anesthesia, while higher heart rates are al-
lowed in patients with aortic stenosis who have
higher degrees of aortic insufficiency. Arterial BP
should be monitored invasively to maintain a dia-
stolic pressure of about 60 mm Hg for sufficient
coronary perfusion and a peak systolic ventricular
pressure (ie, systolic arterial pressure plus peak
pressure gradient) of � 200 mm Hg. Central venous
cannulation should be performed carefully to avoid
cardiac arrhythmias, but it is necessary to control the
volume status to guarantee adequate end-diastolic
filling of the heart. Despite the widespread use of
pulmonary artery catheterization, the benefits of this
intervention on patient outcome, even in patients
undergoing high-risk noncardiac surgery, have never
been convincingly demonstrated and should not be
routinely applied. Pulmonary artery catheters may
even increase the risk for pulmonary embolism and
arrhythmias.34 The routine use of intraoperative
transesophageal echocardiography in patients with
aortic stenosis undergoing noncardiac surgery is
desirable, although its value is currently undeter-
mined. Positive end-expiratory pressure ventilation
will assist ventricular work but should be gradually
introduced and carefully terminated.

The risk of mortality associated with anesthesia
and noncardiac surgery has decreased from the
1950s to today despite the fact that more complex
surgical procedures are being performed in sicker
patients. However, this should not imply that pa-
tients with severe aortic stenosis will undergo a
noncardiac surgery in a harmless manner because
the presence of severe aortic stenosis imposes an
increased risk that is associated with general and
regional anesthesia. Nonetheless, the published data
suggest that noncardiac procedures can be per-
formed with reasonable safety in selected circum-
stances with close perioperative and postoperative
monitoring.

Role of Valvuloplasty in Urgent Noncardiac
Surgery

The value of preoperative balloon valvuloplasty in
urgent noncardiac surgery in patients with aortic
stenosis is a matter of discussion. Complications such
as stroke, acute aortic insufficiency, and myocardial
infarction occur in approximately 10 to 20% of
patients and, thus, may limit its application before
noncardiac surgery. Two small studies35,36 have ex-
amined the role of balloon valvuloplasty prior to
noncardiac surgery in seven patients needing urgent
noncardiac surgery. No deaths, strokes, or other
major adverse cardiac events were observed.35,36

However, four major adverse cardiac events includ-

ing one death were observed37 in 15 patients with
symptomatic aortic stenosis undergoing noncardiac
surgery following balloon valvuloplasty of the aortic
valve. No adverse events were observed in the 14
patients during noncardiac surgery who survived the
valvuloplasty.37 In summary, due to possible reste-
nosis and clinical deterioration within a few months
after undergoing valvuloplasty, balloon valvulotomy
may play only a limited role in the treatment of
patients who are not candidates for immediate valve
replacement or who require urgent noncardiac sur-
gery.

Antimicrobial Prophylaxis in Patients
With Aortic Stenosis

Antimicrobial prophylaxis for bacterial endocardi-
tis has become standard and routine in most devel-
oped countries for patients who are at increased risk
for bacterial endocarditis.21,25 Although the biologi-
cal plausibility is very high, no study has definitively
demonstrated that prophylactic antibiotics prevent
endocarditis after invasive procedures. Patients with
aortic stenosis are considered to be at moderate risk
for bacterial endocarditis and should therefore be
offered antibiotic prophylaxis during surgery.25 The
types of surgery requiring antimicrobial prophylaxis
and the recommended regimens are displayed in
Tables 3 and 4.

Summary

Severe aortic stenosis has been identified as an
independent, important risk factor for patients un-
dergoing noncardiac surgery. Some elegant studies
have clearly demonstrated that the taking of a med-
ical history and performance of a physical examina-
tion are the cornerstones of preoperative risk assess-
ment, while technical tests add further independent
information on the perioperative risk only in selected
patient groups. Since perioperative risk is increased
in patients with severe aortic stenosis (ie, a mean
transvalvular gradient of � 50 mm Hg or a calcu-
lated aortic valve area of � 1.0 cm2),14 aortic valve
replacement is recommended in affected patients
with or without symptoms before noncardiac sur-
gery.6 The value of preoperative balloon angioplasty
has not been determined and cannot be routinely
recommended. In patients with mild-to-moderate
aortic stenosis and a low-to-intermediate risk for
CAD, perioperative treatment with �-blockers may
be prudent. If a high risk for CAD is present,
coronary angiography and, eventually, revasculariza-
tion should be considered. Since aortic stenosis is
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often accompanied by carotid artery disease, preop-
erative assessment regarding cerebrovascular risk
and related treatment is mandatory. If urgent or
emergent noncardiac surgery is imminent, perioper-
ative risk may be reduced by a preoperative echo-
cardiographic study, which helps to communicate
the severity of the aortic stenosis to the anesthesiol-
ogist/surgeon to plan perioperative and postoperative
care.
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