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 The content of In the Clinic is drawn from the clinical information and 
education resources of the American College of Physicians (ACP),
including PIER (Physicians’ Information and Education Resource) and
MKSAP (Medical Knowledge and Self-Assessment Program). Annals of
Internal Medicine editors develop In the Clinic from these primary
sources in collaboration with the ACP’s Medical Education and Publish-
ing Division and with the assistance of science writers and physician
writers. Editorial consultants from PIER and MKSAP provide expert
review of the content. Readers who are interested in these primary
resources for more detail can consult http://pier.acponline.org and other
resources referenced in each issue of In the Clinic.

The information contained herein should never be used as a substitute for
clinical judgment.

CME objective: To review strategies to evaluate and reduce 
perioperative risk.
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What is the risk for medical
complications from surgery in
healthy patients?
Healthy patients have significant
physiologic reserves and tolerate
major and minor surgical proce-
dures well. The risk for serious
medical complications from sur-
gery is less than 0.1% overall in
healthy patients. When evaluating
healthy patients before surgery,
physicians should use a focused
history and physical examination
to predict the risk for serious 
medical complications.

Researchers collected information at 16
and 72 hours and 30 days for 38 598
patients undergoing 45 090 consecutive
procedures and found that only 33 (0.08%)
had major morbidity or mortality. Of 4
deaths that occurred within 30 days of the
procedure, 2 were due to myocardial infarc-
tion and 2 were due to automobile acci-
dents unlikely to be related to surgery. More
than one third of major morbidity occurred
48 hours or more after surgery (1).

How does the procedure influence
risk for complications in healthy
patients undergoing surgery?
The nature of the surgery influ-
ences the risk for complications
independent of other patient fac-
tors (see Box).

The incidence of surgical adverse events in
a random sample of more than 14 000
patients discharged from Colorado and
Utah hospitals in 1992 ranged from 2.3%
for an amalgam of relatively minor proce-
dures to 18.9% for repair of abdominal aor-
tic aneurysm (2).

The incidence of postoperative morbidity
and mortality in more than 400 000
major surgeries done in the Veterans
Health Administration in the 1990s
showed that the complexity of the opera-
tion was the third strongest predictor of
either morbidity or mortality in multivari-
ate analysis (3).
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Although every surgical procedure carries some degree of risk, most
surgeries carry minimal risk. The goal of preop erative risk assessment
is to identify procedure and patient factors that significantly elevate

the risk for complications. Careful, directed preoperative evaluation enables
implementation of strategies to mitigate risk.

Risk Factors
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The nature of the surgery also
influences the risk for specific
types of complications. Post -
operative pulmonary complica-
tions occur in 10% to 40% of
patients undergoing upper abdom-
inal and thoracic surgery, whereas
they are rarely reported in other
types of surgery (4). Moreover, an
analysis of 68 831 operations 
performed in Veterans Affairs hos-
pitals found that not only did peri-
operative morbidity and mortality
vary widely between different pro-
cedures, but comorbid conditions
had a greater influence in some
procedures than in others (5).

How do underlying chronic
conditions influence the risk for
medical complications of surgery?
The more comorbid conditions a
patient has, the higher the risk for
perioperative complications.
Comorbid conditions that are
associated with higher periopera-
tive risk include ischemic heart
disease, heart failure, cerebro -
vascular disease, diabetes mellitus,
and renal insufficiency. Low serum
albumin level, a measure of 

Perioperative Risk Classifications for
Surgical Procedures
• High-risk (>5% perioperative risk for

death or MI): aortic and peripheral
vascular surgery.

• Intermediate-risk (1% to 5% 
perioperative risk for death or MI):
intraperitoneal and intrathoracic surg-
eries, carotid endarectomy, head and
neck surgery, orthopedic surgery, and
prostate surgery.

• Low-risk (<1% perioperative risk for
death or MI): endoscopic and super-
ficial procedures, cataract surgery,
breast surgery, dental procedures, and
ambulatory surgery.

MI = myocardial infarction.
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protein–energy malnutrition, is
associated with perioperative mor-
bidity (6). Undiagnosed hyper -
thyroidism can rarely progress to
thyroid storm in the perioperative
period. Conditions that affect
hemostasis may lead to bleeding
complications. Surgery during
acute hepatitis is associated with a
mortality rate exceeding 10%, and
cirrhosis is associated with poor
outcome in abdominal and other
types of surgery (7).

How do lifestyle factors influence
the risk for perioperative
complications?
Lifestyle factors can play an 
important role in the risk for 
peri operative complications.

Exercise
A patient’s self-reported ability to
exercise is a strong predictor of
perioperative medical complica-
tions. Perioperative cardiac and
neurologic complications doubled
in patients who reported an inabil-
ity to walk 4 blocks or climb 2
flights of stairs, even after adjust-
ment for age (8). In patients
undergoing procedures inherently
associated with pulmonary compli-
cations (thoracotomy, upper
abdominal surgery), inability to
climb 2 flights of stairs was associ-
ated with a positive predictive
value of 82% for postoperative
complications (9).

Smoking
Smoking increases the risk for
perioperative pulmonary compli-
cations (10). Although earlier
studies found that the risk for pul-
monary complications is reduced
after only 8 weeks of abstinence
from tobacco (11), more recent
evidence suggests that cessation
even 4 weeks before surgery sig-
nificantly decreases perioperative
complications (12, 13).

A systematic review identified 11 ran-
domized trials involving 1194 patients
and concluded that intensive preopera-
tive smoking cessation interventions 
significantly reduced perioperative com -

p li cations (pooled risk ratio, 0.56 [95% CI,
0.45 to 0.78]) (14).

For patients who smoke, physicians
should strongly recommend cessation
and consider delaying elective proce-
dures for 4 to 8 weeks, particularly if
the procedure itself incurs a high risk
for pulmonary complications.

Alcohol and other substances
Hazardous levels of alcohol con-
sumption increase the risk for 
perioperative complications (15).
Alcohol has cardiovascular, gastro 

 
 -

intestinal, metabolic, neurologic,
and immunologic effects. With-
drawal symptoms from abrupt dis-
continuation may contribute to
perioperative morbidity. During
preoperative evaluation, ask patients
about quantity of alcohol use, pat-
tern, and time since last drink. Use
of recreational drugs is associated
with pulmo n ary and cardiac disor-
ders that may affect management
through the perioperative period.
Physicians should assess use of such
substances as cocaine, heroin, and
stimulants.

Are obese patients at elevated risk
for perioperative complications?
Obese patients are at increased risk
for wound problems, pulmonary
complications, and difficulties with
anesthesia. Obesity is associated
with diabetes mellitus, hyperten-
sion, and cardiovascular disease,
which in turn increase overall surgi-
cal risk. Compared with normal-
weight patients, overweight and
obese patients may also be at higher
risk for postoperative deep venous
thrombosis; reflux and aspiration of
gastric contents perioperatively;
and, if morbidly obese, post -
operative rhabdomyolysis.

Differences in drug pharmacokinetics
in obese patients and normal-weight
patients should be taken into account
when choosing and dosing anesthetic
agents. Regional anesthesia, when
feasible, may avoid some of the diffi-
culties posed by general anesthesia in
the obese patient.
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Who should undergo preoperative
evaluation?
All patients scheduled for surgery
should be considered for preoperative
evaluation. For very low-risk proce-
dures, such as dental extractions or
cataract surgery, the evaluation may
only involve the oral surgeon or oph-
thalmologist confirming the lack of
significant risk factors. For more
complex procedures, evaluation by a
physician exper-ienced in preopera-
tive assessment may be judicious.

What are the essential elements
of a preoperative history and
physical examination?
It is essential to ascertain the
patient’s age; medication use; exercise
tolerance; tobacco, alcohol, and illicit
substance use; and overall health,
including comorbid conditions, reac-
tion to past surgeries, and experience
with anesthesia. The history should
include information about the condi-
tion for which the surgery is planned
and focus on risk factors for cardiac,
pulmonary, and infectious complica-
tions and include a determination of
a patient’s functional capacity. It is
important to know whether a patient
is pregnant.

Cardiopulmonary
Clinicians should inquire about
history of chest discomfort,
wheezing, cough, shortness of
breath, edema, light-headedness,
chest pain, exertional symptoms,
and palpitations, as well as coro-
nary revascularization, heart 
failure, cerebrovascular disease,
hypertension, valvular heart 
disease, and lung disease.

Hemostasis
Perioperative bleeding risk is
related to both patient-specific fac-
tors, including congenital and
acquired deficiencies, and the type
of surgical procedure. The likeli-
hood of previously undetected con-
genital factor deficiencies is very
small in the absence of a history of
easy bruising or bleeding. Although
routine coagulation testing is com-
mon practice before surgery, history
is a better predictor of bleeding
problems than laboratory testing. 
Physicians should ask all patients
undergoing surgery about personal
or family member difficulty with
hemostasis and about symptoms
that might suggest an undiagnosed
bleeding disorder (see Box).

Medications
Physicians should question
patients in detail about use of 
prescription and nonprescription
medications, including dietary and
herbal supplements. It is often
helpful to have patients bring
their medications to the preopera-
tive visit. Note that aspirin and
nonsteroidal antiinflammatory
drugs may interfere with hemo -
stasis if patients do not stop 
taking them at an interval before
surgery that allows recovery of
platelet function.

Malignant hyperthermia
Anesthetic-induced malignant hyper-
thermia is rare, but it is important to
assess a patient’s predisposition to the
disorder. Malignant hyperthermia
causes a rapid rise in body tempera-
ture and severe muscle contractions

Elements of 
Evaluation

Screening Questionnaire for
Bleeding Disorders*
• Do you have family members with

bleeding disorders?
• Have you had profuse bleeding

from small wounds?
• Do you bruise easily?
• Have you had profuse bleeding

after surgery?
• Have you ever had bleeding into a

muscle?
• Do you have frequent nosebleeds?
• Have you had profuse bleeding

after a tooth extraction?
• Have you ever had blood in your

stool?
• Do you have family members who

bleed easily?
• Have you ever had bleeding into a

joint?
• Do you bleed profusely when

menstruating?

* Positive responses to any question
should prompt further evaluation.

Risk Factors... The overall risk for serious medical complications from surgery is
less than 0.1% in healthy patients. Comorbid conditions that increase the risk for
complications include ischemic heart disease, cerebrovascular disease, heart fail-
ure, diabetes mellitus, renal insufficiency, bleeding disorders, and liver disease.
Underlying poor nutritional status, obesity, smoking, hazardous alcohol use, and
illicit substance use also affect perioperative risk. Poor exercise tolerance is asso-
ciated with perioperative cardiac and neurologic complications. The nature of the
surgery influences the risk for complications independent of other patient factors.

CLINICAL BOTTOM LINE
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during general anesthesia, particularly
with halothane and succinylcholine
(16). Clinicians should ask patients
about a history of severe postopera-
tive fever or, for patients never
exposed to anesthesia, about severe
fever or perioperative death in family
members. About one half of the cases
of malignant hyperthermia are inher-
ited in an auto somal dominant pat-
tern, and one half are sporadic.

The preoperative physical examina-
tion should aim to identify signs of
undiagnosed or decompensated
underlying conditions (Table 1).

Which laboratory tests should be
performed preoperatively?
Preoperative laboratory testing
should be limited in healthy patients,
especially those undergoing minor
procedures. For minor surgical proce-
dures, especially cataract surgery, rou-
tine testing is not indicated in the
presence of a normal history and
physical examination.

In a multicenter, randomized, controlled
trial comparing routine with selective test-
ing before cataract surgery, the combined
event rate of death, hospitalization, or
other complications was identical (3.13%)
in both groups (17).

The history and physical examina-
tion should guide laboratory testing.

The frequency of abnormal test
results that alter perioperative care
ranged from 0% to 2.6% across mul-
tiple observational studies when the
tests were ordered for all patients
without consideration of history or
physical examination findings (18).
When history and physical examina-
tion findings guide testing, the yield
of abnormal test results increases
from 4% to 81% (19). Patients with
normal test results in the previous 
4 months and stable clinical status
do not need repeated testing before
surgery (20). Table 2 summarizes the
indications for laboratory tests that
may be helpful in the preoperative
evaluation for some patients.

If patients are older than age 50 and
are having major surgery, physicians
should consider obtaining a preoper-
ative chest radiograph even if no evi-
dence suggests pulmonary disease.
In the largest study of routine pre-
operative chest radio graphs, 18% of
6111 were abnormal and resulted in
change in management in 5% (21),
but the overall evidence is not
robust. However, routine chest radi-
ography is not necessary in younger
patients with normal history and
physical examination or if the proce-
dure does not normally carry high
cardio pulmonary risk.

Table 1. Preoperative Physical Examination
Examination Component Notes

Heart rate Abnormal heart rate can indicate underlying cardiac disease.
Blood pressure Controlling marked blood pressure elevation (>180 mm Hg systolic or 110 mm Hg 

diastolic) before surgery may decrease morbidity.
Respiratory rate Abnormal respiratory rate can indicate underlying pulmonary disease.
Temperature Fever suggests possible infection.
Body mass index Obesity increases the risk for wound infection and other complications. Low body

mass index may indicate a serious medical disorder or malnutrition.
Cardiac examination Clinical signs that increase the likelihood of cardiac complications include murmurs, 

jugular venous distention, S3 gallop, and arrhythmia.
Lung examination The presence of expiratory wheezing or decreased breath sounds suggests underlying

obstructive disease.
Abdominal examination Hepatomegaly suggests liver disease.
Extremity examination Edema on examination may suggest congestive heart failure, renal disease, hepatic 

disease, or venous thrombosis.
Skin examination Skin disorders overlying planned surgical sites should be treated to prevent impaired

wound healing.
Neurologic examination Aspiration leading to pneumonia may result from undetected swallowing difficulties.
Mental status examination, May detect dementia that predisposes to perioperative delirium.

especially in elderly persons
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symptoms are atypical. Patients
undergoing a low- or intermediate-
risk surgery who have at most
minor clinical risk predictors
(advanced age, abnormal ECG,
rhythm other than sinus, low func-
tional capacity, history of stroke, or
uncontrolled hyper tension) may
proceed to surgery without preoper-
ative cardiac testing. Likewise,
patients with intermediate clinical
risk predictors (mild angina, 
diabetes mellitus, compensated 
heart failure, previous myocardial 
infarction, or renal insufficiency)
who have good exercise capacity
also do not need further preopera-
tive cardiac testing before a low- or
intermediate-risk procedure. How-
ever, in the absence of high-quality
data, some experts recommend that
those with intermediate clinical
predictors who have poor functional
status and are undergoing an inter-
mediate-risk procedure, as well as
those with intermediate clinical
predictors and good functional sta-
tus who are undergoing a high-risk
procedure, should have noninvasive
testing performed before surgery.
Patients in the highest-risk group
include those with an active cardiac
condition, such as unstable angina,
decompensated heart failure,

Even in the absence of history or
physical examination findings, elec-
trocardiography (ECG) is recom-
mended to test for the presence of
asymptomatic cardiac disease in men
older than age 40 and women older
than age 50 having major surgery. For
patients undergoing minor surgery in
whom the history and physical exam-
ination is normal, a routine ECG is
unlikely to improve outcomes and
can be omitted.

Unrecognized myocardial infarctions, as
shown by pathologic Q waves, are rare in
patients younger than age 45 (0.65% in men,
0.26% in women) but increase to 6% in 
men and 3.4% in women age 75 to 84 (22).

Some abnormalities on ECGs (ST-T wave
changes, left ventricular hypertrophy
[LVH]) are of unknown prognostic value,
whereas others (bundle-branch block) are
not predictive of perioperative cardiac
events (23).

When should clinicians 
consider preoperative cardiac
stress testing?
In general, the indications for non-
invasive cardiac testing are the same
for patients undergoing surgery as
for those who are not. All sympto-
matic patients should be evaluated
for cardiac ischemia, usually with
cardiac stress testing, even if their

Table 2. Laboratory Testing and Indications Before Elective Surgery
Test Indication

Hemoglobin Anticipated major blood loss or symptoms of anemia
Leukocyte count Symptoms suggest infection, myeloproliferative disorder, or

myelotoxic medications
Platelet count History of bleeding diathesis, myeloproliferative disorder, or

myelotoxic medications
Prothrombin time History of bleeding diathesis, chronic liver disease, malnutrition,

recent or long-term antibiotic use
Partial thromboplastin time History of bleeding diathesis
Electrolytes Known renal insufficiency, congestive heart failure, medications

that affect electrolytes
Renal function Age >50 years, hypertension, cardiac disease, major surgery,

medications that may affect renal function
Glucose Obesity or known diabetes
Liver function tests No indication. Consider albumin measurement for major surgery

or chronic illness
Urinalysis No indication
Electrocardiography Men >40 years, women >50 years, or known coronary artery 

disease, diabetes, or hypertension
Chest radiography Age >50 years, known cardiac or pulmonary disease, or 

symptoms or examination suggest cardiac or pulmonary disease
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stents is particularly critical because
they are at risk for perioperative
stent thrombosis. The Revised 
Cardiac Risk Index (Table 3) is a
tool to estimate a patient’s risk for
cardiac complications from non -
cardiac surgery (24).

uncontrolled arrhythmias, severe
valvular disease, or recent percu -
taneous coronary intervention,
should get further evaluation before
all but the most urgent surgical
procedures. Identifying patients
with recently placed coronary 

aneurysm resection or other prolonged
procedures. A heart rate of 60 to 65
beats per minute should be the target
when β-blocker therapy is initiated,
and those patients who already have a
heart rate lower than 65 beats per
minute are unlikely to benefit from β-
blocker initiation. In 2006, the Ameri-
can College of Cardiology/American
Heart Association (ACC/AHA)
issued a focused guideline update on
perioperative β-blocker therapy (25).
The Figure summarizes these recom-
mendations.

What are the indications for
perioperative β-blockade?
β-Blockade theoretically protects the
heart from excessive workload in the
perioperative period. It may also pre-
vent plaque rupture and subsequent
thrombosis, cardiac ischemia, and
infarction. Physicians should consider
β-blockade for patients with an exist-
ing indication for β-blockade therapy
(for example, angina, LVH), especially
when they are undergoing procedures
associated with high cardiac demand,
such as open abdominal aortic

25. American College of
Cardiology/Ameri-
can Heart Associa-
tion. ACC/AHA 2006
Guideline Update on
Perioperative Cardio-
vascular Evaluation
for Noncardiac Sur-
gery: Focused
Update on Perioper-
ative ß-Blocker Ther-
apy. Accessed at
www.acc.org/qual-
ityandscience/clini-
cal/guidelines/perio/
periobetablocker.pdf
on 3 June 2009.

26. POISE Study Group.
Effects of extended-
release metoprolol
succinate in patients
undergoing non-
cardiac surgery
(POISE trial): a ran-
domised controlled
trial. Lancet.
2008;371:1839-47.
[PMID: 18479744]
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Table 3. Revised Cardiac Risk Index
How many variables Risk for major postoperative 

does the patient have? cardiac complication, %*

0 0.4
1 0.9
2 7.0
≥3 11.0

Variables are high-risk type of surgery, ischemic heart disease (includes any of the following: 
history of myocardial infarction, history of a positive exercise test, current report of chest pain
that is considered to be secondary to myocardial ischemia, use of nitrate therapy, or electrocar-
diography with pathologic Q waves), congestive heart failure, and history of cerebrovascular 
disease, preoperative treatment with insulin, and preoperative serum creatinine >176.8 μmol/L
(2.0 mg/dL). Patients with more than 2 variables have a postoperative cardiac complication rate
of about 10% and are considered to be high-risk.

Adapted from 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.

* The major cardiac complications included myocardial infarction, pulmonary edema, ventricular 
fibrillation or primary cardiac arrest, and complete heart block.

Risk 
Reduction

Elements of Evaluation... Essential elements of a preoperative history and physi-
cal examination include ascertainment of patient use of medications, tobacco,
alcohol, and illicit drugs; overall health and underlying conditions; pregnancy;
exercise tolerance; and reaction to previous anesthesia and surgery. History and
physical examination should guide laboratory testing, and healthy patients having
minor procedures may need no testing. However, routine ECG is indicated in men
older than age 40 and women older than age 50 to look for asymptomatic car-
diac disease, and routine chest radiography may be useful for patients older than
age 50 who are having major surgery.

CLINICAL BOTTOM LINE
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Heart J.
2006;152:983-90.
[PMID: 17070177]

28. POBBLE trial investi-
gators. Perioperative
beta-blockade (POB-
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infrarenal vascular
surgery: results of a
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J Vasc Surg.
2005;41:602-9.
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29. DIPOM Trial Group.
Effect of periopera-
tive beta blockade in
patients with dia-
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trial. BMJ.
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individual outcomes and only “nominal” sta-
tistically significant benefit for a composite
outcome of cardiovascular mortality, nonfa-
tal myocardial infarction, and nonfatal car-
diac arrest. Because of methodological prob-
lems in some of the studies, the review
concluded that definitive conclusions could
not be made (30).

What should clinicians recommend
to reduce the risk 
for postoperative pulmonary
complications?
Before surgery, clinicians should
identify patients who are at risk for
clinically significant post operative
pulmonary complications, including
pneumonia, atelectasis, bron-
chospasm, prolonged mechanical
ventilation, and exacerbation of
underlying chronic lung disease. Pre-
operative chest radiography should
be routine in all patients older than
age 50 who are undergoing major
surgery (21, 31, 32).

However, β-blocker therapy based
solely on the presence of clinical
predictors for the risk for perioper-
ative cardiac complications is con-
troversial. The release of updated
ACC/AHA guidelines is antici-
pated based on the accumulation 
of randomized, controlled trials
showing either no benefit or harm
when β-blockers are used as a risk
reduction strategy in patients
undergoing noncardiac surgery,
even in those patients at risk for
cardiovascular events (26-29). The
largest of these, the POISE (Peri-
operative Ischemic Evaluation)
trial, found a reduction in myocar-
dial infarction but an increase in
stroke and mortality (26).

A meta-analysis of 22 randomized, con-
trolled trials of perioperative use of β-
blockers in 2437 patients showed no statisti-
cally significant beneficial relative risk for

Figure. Summary of 2006 American College of Cardiology/American Heart Association Guidelines 
on perioperative β-blocker therapy.*
Class I (conditions for which there is evidence for or general agreement that the treatment is beneficial, useful, 

and effective):
β-blockers should be given to:
• Patients undergoing surgery who are receiving β-blockers for an independent indication, such as angina, symptomatic

arrhythmias, or hypertension (level of evidence: C) 
• Patients undergoing vascular surgery at high cardiac risk owing to the finding of ischemia on preoperative testing (level

of evidence: B)

Class IIa (conditions for which there is conflicting evidence or a divergence of opinion about the usefulness/efficacy
and evidence/weight of opinion is in favor of usefulness/efficacy)

β-blockers probably recommended for:
• Patients undergoing vascular surgery in whom preoperative assessment identifies coronary heart disease (level of evidence: B)
• Patients undergoing vascular surgery in whom preoperative assessment identifies multiple clinical predictors of cardiac

risk† (level of evidence: B)
• Patients undergoing intermediate- or high-risk procedures in whom preoperative assessment identifies coronary heart

disease or multiple clinical predictors of cardiac risk† (level of evidence: B)

Class IIb (conditions for which there is conflicting evidence or a divergence of opinion about the usefulness/efficacy
and evidence/weight of opinion is less established)

β-blockers may be considered for:
• Patients undergoing intermediate- or high-risk procedures, including vascular surgery in patients whose preoperative 

assessment identified the presence of a single clinical predictor of cardiac risk† (level of evidence: C)
• Patients undergoing vascular surgery with low cardiac risk who are not currently receiving β-blockers (level of evidence: C)

Class III (conditions for which there is evidence or general agreement that the treatment is not useful/effective and
in some cases may be harmful)

• β-blockers should not be given to patients undergoing surgery who have absolute contra indications to β-blockade (level
of evidence: C)

* Levels of evidence: A (multiple randomized, clinical trials), B (single randomized trial or non randomized studies), C (consensus of
experts, case studies, or standard-of-care). 
† Clinical predictors of risk include ischemic heart disease, compensated or past heart failure, 
diabetes mellitus, renal insufficiency, and cerebrovascular disease.
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What should clinicians recommend
to reduce the risk for
postoperative thromboembolic
complications?
Most patients undergoing major 
surgery can benefit from wearing
properly fitted elastic stockings pre-
operatively and postoperatively to
prevent any venous wall damage and
impaired venous flow that occurs
during the passive venous dilation
from anesthesia and surgery (33).
Early ambulation postoperatively can
also prevent thromboembolic com-
plications, especially in patients
undergoing elective hip surgery (34).
Pharmacologic measures may be
helpful for patients at high risk for
thrombo embolism or undergoing
high-risk procedures.

How should clinicians manage
medications in the perioperative
period?
Physicians should weigh the risks
and benefits of continuing, stop-
ping, or starting a drug treatment
preoperatively. Continue medica-
tions deemed essential, such as car-
diac drugs, antihypertensive agents,
and steroids. Untreated or poorly
controlled medical illness may have
a more harmful effect on surgical
outcome than the medications used
to treat it. Patients should stop tak-
ing aspirin 5 to 10 days before sur-
gery and restart 1 to 2 days after
surgery if the bleeding risk out-
weighs the risk for thrombosis with
abrupt cessation. Nonsteroidal anti-
inflammatory drugs are often dis-
continued for similar reasons,
although no compelling evidence
supports this practice. If they are
discontinued, the half-life of the
individual agent should guide when
to stop them. Withhold or discon-
tinue medications, such as anti -
coagulants or oral hypoglycemic
agents, with significant potential for
adverse events. Sulfonylureas and
the biguanide metformin should be
discontinued for 1 to 2 days before
surgery because of the respective
risks for hypoglycemia and lactic
acidosis; glucose control should be

maintained in this period with
insulin. Diuretics and angiotensin-
converting enzyme inhibitors are
frequently withheld on the day of
surgery because of concerns for
hypokalemia and hypotension,
respectively, although evidence to
support this practice is weak.

A recently published nested case–control
analysis of 96 128 men who had cataract
surgery found that men who received the
α-blocker tamsulosin within 14 days of
cataract surgery were significantly more
likely than men who did not to have seri-
ous postoperative ophthalmic adverse
events (7.5% vs. 2.7%; adjusted odds ratio,
2.33 [CI, 1.22 to 4.43]). Previous exposure to
other α-blockers used to treat benign pro-
static hypertrophy was not associated with
these events (35).

If medications are stopped, be aware
of any potential for withdrawal 
syndromes. Withdrawal syndromes
have been documented after cessation
of various antihypertensive agents and
glucocorticoids. The known benefit of
continuing these medications will
usually outweigh any theoretical con-
cerns about drug interactions or
adverse outcomes. Hospitalization
may be required for serious comorbid
illness or preoperative adjustment of
specific medical regimens that would
be difficult or impossible to perform
on an out patient basis (see Box).

What are the special preoperative
considerations for patients with
diabetes?
Patients with diabetes face a higher
risk for perioperative morbidity and
mortality, with complications includ-
ing hyperglycemia, hypoglycemia,
diabetic ketoacidosis (DKA), post-
operative infections, cardiac compli-
cations, and pos t operative stroke.
Early-morning surgery is generally
advised to minimize disruption in
glycemic control. Before surgery, cli-
nicians should advise patients about
how to adjust insulin and oral med-
ications while preparing for surgery.
Generally, patients on an insulin
pump or insulin glargine do not
need to change their basal rate or
usual dose, but should hold all bolus
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Hospitalize Patients
Preoperatively for:
• Anticoagulant “bridge therapy”
• Diabetic ketoacidosis or hyper-

osmolar state
• Bowel prep in an elderly, debili-

tated patient to minimize risk for
dehydration

• Detoxification of an alcohol or
drug abuser

• Instituting certain antiarrhythmic
therapy

• Abrupt discontinuation of a drug
that may trigger an exacerbation
of a chronic illness, such as
asthma, arrhythmia, or seizure

• New illness or exacerbation of a
chronic illness (pneumonia,
asthma, angina) requiring inpa-
tient observation, monitoring, or
treatment not available in the
outpatient setting
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doses. Patients on twice-daily 70/30
insulin should take one quarter to
one half of their usual dose the
morning of surgery. The night before
and the morning of surgery, patients
should monitor glucose levels and
contact a physician if they have low
readings (<4.0 mmol/L [70 mg/dL]).

If glucose levels are very high 
(>12 mmol/L [220 mg/dL]) or if
patients have signs or symptoms of
dehydration due to hyperglycemia,
consider postponing elective surgery.
If glucose is more modestly above the
goal for glycemic control and the
risks of not undergoing surgery out-
weigh the risks of undergoing sur-
gery, then surgery should proceed
with attention to improving glycemic
control. Physiologic studies show that
epidural anesthesia has less impact on
glucoregulatory hormones than gen-
eral anesthesia (36).

Patients with type 1 diabetes or
insulin-deficient type 2 diabetes are
at risk for DKA, especially if their
insulin is withheld for as little as 8
hours. These patients require insulin
even when their glucose levels are in
the normal range. Patients prone to
DKA should have serum ketones,
bicarbonate level, and anion gap
tested before surgery.

Patients with diabetes are at high risk
for postoperative cardiac and renal
complications. Consider noninvasive
cardiac testing as part of the preoper-
ative evaluation, particularly before
high-risk procedures. Consider start-
ing a β-blocker if no contraindication
is present, the patient has a specific
indication for β- blockade, and the
heart rate is greater than 65 beats per
minute. Check renal function using
blood urea nitrogen, serum creatinine
level, and an estimate of glomerular
filtration rate.

What are the special preoperative
considerations for patients with
cardiovascular disease?
Hypertension
Severe hypertension and LVH are
risk factors for adverse perioperative

outcome. Persistent diastolic pressure
greater than 110 mm Hg is associated
with perioperative risk independent of
the presence of LVH. In the absence
of other cardio vascular disease or
hypertensive end-organ damage,
hypertension with systolic pressure
less than 160 mm Hg and diastolic
pressure less than 100 mm Hg does
not increase perioperative risk among
patients undergoing noncardiac sur-
gery (37). In cardiac surgery, systolic
hyper tension increases the risk for
perioperative death, stroke, left ven-
tricular dysfunction, and renal failure
even in the absence of LVH (38).

In patients with hypertension,
obtain a preoperative ECG to
check for LVH or other abnormal -
ities and also check for renal insuf-
ficiency and electrolyte distur-
bances. Detection of LVH,
myocardial ischemia, or previously
undetected infarction in patients
with hypertension should prompt
preoperative investigation, preoper-
ative therapy, and consideration of
delay in surgery. In patients with no
other cardiovascular disease, do not
delay surgery when the diastolic
blood pressure is 110 to 130 mm Hg
on the day of surgery. Delay in
elective surgery should be more
carefully considered for patients
with baseline blood pressure 
180/110 mm Hg or greater.

Continue β-blockade, clonidine, or
calcium-channel blockade, including
on the day of surgery. Discontinue
angiotensin-converting enzyme inhi -
bitors, angiotensin-receptor blockers,
and diuretics on the morning of 
surgery, if possible, because of the
potential risk for perioperative
hypotension or hypokalemia.

Coronary artery disease
Preoperative drug interventions and
revascularization may prevent cardiac
events in patients with known or
suspected CAD. Perioperative β-
 blocker therapy should be considered
for patients with a specific indication
(Figure) or who are undergoing
high-risk vascular surgery.
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Statins should be continued in all
patients already receiving them,
because they may reduce the 
incidence of perioperative cardio-
vascular events (39).

Coronary revascularization is rarely
needed just to get a patient through
surgery, but it may be warranted in
selected patients with CAD under-
going noncardiac surgery if they
would have required the procedure
anyway. However, the only large
randomized trial on the subject
showed no benefit for revascular-
ization (40). Avoid preoperative
coronary sten ting to avoid the risk
for perioperative stent thrombosis.

Patients with recently placed 
coronary stents are at risk for peri-
operative stent thrombosis. For
bare-metal stents, the risk dimin-
ishes 4 to 6 weeks after implanta-
tion; for drug-eluting stents, an 
elevated risk for rethrombosis per-
sists for at least 12 months after
placement because of delayed
endothelialization. Because these
patients require antiplatelet treat-
ment to mitigate this risk, purely
elective procedures should be
delayed accordingly, and the inter-
val without antiplatelet therapy
should be minimized when surgery
is required within the window of
vulnerability.

Congestive heart failure
Decompensated heart failure is a
major predictor of increased peri-
operative risk, and compensated
heart failure is an intermediate pre-
dictor of risk (41). Before a planned
elective surgery, clinicians should
establish an effective medical regi-
men for the treatment of heart fail-
ure. Patients who are stable and
have minimal or no residual fluid
retention can start taking β-block-
ers at the lowest dose, which can be
slowly titrated as tolerated.
Although β-blockers are bene ficial
for patients with compensated con-
gestive heart failure, initiation is
not appropriate with decompen-
sated heart failure.

On the day of elective surgery, 
β-blockers should be continued.
Consider withholding or reducing
the normal doses of angiotensin- 
converting enzyme inhibitor,
diuretic, or both (especially spiro -
no lactone) the day of and even 24
hours before the elective surgical
procedure, because these medica-
tions can affect renal function, elec-
trolyte status, and hemodynamic
status. If the patient has a low
baseline hematocrit level and major
blood loss is anticipated, preopera-
tive transfusion may be warranted.

Rhythm and conduction disorders
Postoperative arrhythmias are sub-
stantially more common after open
cardiac procedures than noncardiac
surgeries, with a postoperative atrial
arrhythmia risk of 30% to 50% in
most patients undergoing open car-
diac surgery, compared with a risk of
8% to 13% in other high-risk noncar-
diac surgical procedures (42). Clini-
cians should evaluate patients under-
going cardiac surgery with trans -
thoracic echocardiography to assess
left atrial volume and risk for post -
operative atrial fibrillation. A baseline
ECG and electrolyte panel are rec-
ommended before all open cardiac
procedures as well as intermediate-
and high-risk noncardiac surgical
procedures. Do not obtain a routine
ECG or electro lyte panel before pro-
cedures with a low risk for arrhyth-
mia, with the possible exception of
patients with a history of coronary
disease or diabetes. Preoperative
Holter monitoring for the sole pur-
pose of predicting postoperative
arrhythmia risk is unnecessary.

Patients at high risk for postopera-
tive atrial fibrillation, particularly
elderly patients undergoing valvular
surgery, should, in the absence of
contraindications, receive either a 
β-blocker or oral amiodarone dur-
ing the week before surgery. For
patients with chronic atrial fibrilla-
tion, base the management of oral
anticoagulation on thromboembolic
risk. Patients at low thrombo -
embolic risk can stop warfarin
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therapy 4 to 5 days before surgery.
Patients at high risk should have
short-term therapy with heparin
while they are not receiving oral
anticoagulants.

No specific therapy is needed for
most preexisting conduction delays.
However, patients with an implant-
able cardioverter defibrillator or
pacemaker should have preoperative
interrogation of the device.

Valve disease
If initial clinical evaluation yields
suspicion of valve disease, obtain
transthoracic ECG for further
investigation, and possibly special-
ist referral. According to expert
consensus, patients with severe
aortic stenosis undergoing non -
cardiac surgery are usually best
treated by preoperative aortic
valve replacement.

Clinicians should assess global car-
diac risk in all patients, not only
risk due to the valvular abnormality
(Box). Patients with a revised car-
diac risk index of zero and known,
asymptomatic moderate aortic
stenosis may have a favorable out-
come after noncardiac surgery.
Careful inquiry yielding symptoms
of decreased exercise tolerance or
subtle symptoms of orthopnea or
paroxysmal nocturnal dyspnea in a
patient previously thought to be
asymptomatic from valvular heart
disease may lower the threshold for
possible valvular repair before elec-
tive noncardiac surgery.

What are the special preoperative
considerations for patients with
pulmonary disease?
Factors that increase the risk for pul-
monary complications include
chronic obstructive pulmonary
disease (COPD), smoking, uncon-
trolled asthma, poor exercise capa city,
low albumin, renal insufficiency, and
obstructive sleep apnea. Type of sur-
gery influences pulmonary complica-
tions, with aortic, upper abdominal,
and thoracic procedures carrying the
highest risk. General anesthesia also
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1994;74:3-10; discus-
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increases risk. Clinical evaluation is
the main basis for risk stratification in
patients with COPD or asthma.
Reserve spirometry for patients
undergoing thoracic or upper abdom-
inal surgery who have cough, dysp-
nea, or impaired exercise tolerance
that remains unexplained after a care-
ful history and physical examination.

To minimize the risk for postop-
erative pulmonary complications,
patients should cease smoking at
least 4 to 8 weeks before surgery.
Lung expansion maneuvers reduce
the risk for postoperative pul-
monary complications by one half
(43) and are more effective in the
postoperative period if taught to
patients before surgery. Continu-
ous positive airway pressure is as
effective as deep breathing exer-
cises or incentive spirometry, but
it is more costly and more compli-
cated to administer. Preoperative
efforts to reduce airflow obstruc-
tion and treat respiratory infection
in patients with asthma or COPD
will also reduce pulmonary com-
plications. Patients with an inef-
fective cough and upper airway
secretions, with persistent sputum
production despite other thera-
pies, or with poor functional
capacity due to exertional dyspnea
are candidates for preoperative
chest physical therapy.

What are the special preoperative
considerations for patients with
chronic kidney disease?
Procedures generally considered to
be low risk (laparoscopic procedures,
cataract surgery) in other patients
have higher morbidity in patients
with end-stage renal disease. Expert
consensus advises that preoperative
evaluation of patients with chronic
kidney disease should include com-
plete blood count, serum
chemistries, serum creatinine con-
centration, and estimated glomerular
filtration rate. It should also include
an ECG in patients with existing
cardiac disease or risk factors for
cardiac disease. If the clinical history

Calculate the Revised Cardiac
Risk Index in Patients With
Valvular Heart Disease by
Assigning 1 Point to Each of
the Following Characteristics:
• High-risk surgery
• Ischemic heart disease
• History of heart failure or 

cerebrovascular disease
• Insulin therapy for diabetes
• Preoperative serum creatinine

level >176.8 µmol/L (2.0 mg/dL)
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and examination do not provide suf-
ficient confidence regarding fluid
status, ECG may be helpful. For
patients without evidence of bleed-
ing diathesis, routine assessment of
bleeding time has little utility.
Before a planned procedure, patients
should maintain hemo globin level
greater than 12 g/dL (44). Clini-
cians should review all medications
preoperatively to assess for possible
nephrotoxicity.

What are the special preoperative
considerations for patients with
rheumatologic disease?
Patients with rheumatoid arthritis
and cervical joint disease are at risk
for severe perioperative neurologic
problems from neck manipulation
during intubation (45, 46). It is
prudent to assess C1–2 stability
with preoperative lateral flexion
and extension cervical spine films,
particularly in patients who have
significant peripheral joint erosions
or have used long-term corticos-
teroid therapy. Patients with
advanced ankylosing spondylitis
may have fusion of cervical verte-
brae and may thus require careful
neck positioning.

Rheumatologic diseases and their
treatments increase risk for peri-
operative infection. Consider
holding disease-modifying
antirheumatic drugs in the peri -
operative period, including dis-
continuing methotrexate 1 to 2
weeks before surgery and holding

leflunomide, etanercept, or inflix-
imab in the perioperative period.

Hypotensive shock during the
stress of surgery is a risk among
patients with suppression of the
hypothalamic–pituitary–adrenal
axis from previous corticosteroid
therapy. Patients who have
received the equivalent of 5 or
more mg/d of prednisone for 3 or
more weeks within the year before
surgery may be at risk for this
complication. Preoperative cosyn-
tropin-stimulation testing or
empirical stress doses of hydro -
cortisone are recommended for
these patients who are also under-
going procedures of at least mod-
erate stress (see Box).

What are the special
considerations for pregnant
women undergoing surgery?
Physicians should test for preg-
nancy before surgery in all women
of child-bearing potential and
postpone nonemergency surgery
in women who are pregnant. 
Nonobstetric surgery poses finite
risks in healthy pregnant women.
The risk for perioperative compli-
cations in the mother is similar to
that of other surgical patients
with similar patient demographic
characteristics. However, perioper-
ative risk for miscarriage, preterm
labor and delivery, intrauterine
growth restriction, and stillbirth is
increased, as is risk for anesthesia
to the fetus, particularly in the
first trimester (47).

Perioperative Stress Dose
Corticosteroid Therapy
Major surgeries (cardiothoracic,
oncologic, or major abdominal
surgeries)
• Start hydrocortisone, 100 mg

intravenously every 8 h for 3
doses

• Then 50 mg for 3 doses
• Then 25 mg for 3 doses
• Then resume usual outpatient

dose in uncomplicated patients
Moderate surgeries (orthopedic,
urologic, otolaryngolic)
• Start hydrocortisone, 50 mg

intravenously every 8 h for 3
doses

• Then 25 mg for 3 doses
• Then resume usual outpatient

dose in uncomplicated patients
Minor procedures (cataract sur-
gery, other outpatient procedures)
• Usual dose on the day of surgery
• Double the first postoperative

dose

Risk Reduction... Patients found to have unstable heart or lung disease should
undergo evaluation and treatment before surgery. Before surgery, ask patients to
bring in their actual medications or a list to ensure all are accounted for. Perform
a careful risk–benefit analysis of continuing or stopping each drug perioperatively.
To prevent thromboembolic complications, advise patients to wear elastic 
stockings and ambulate early postoperatively; anticoagulants may be warranted in
patients at high risk for thromboembolism. To prevent postoperative infections,
minimize length of preoperative hospital stay, limit use of immunosuppressive
drugs, follow recommended guidelines for catheters, and maintain glucose control
in patients with diabetes. Special preoperative consideration of chronic conditions
can reduce the risk for surgical complications.

CLINICAL BOTTOM LINE
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in
the

c li
nicTool Kit

in the clinic

Preoperative
Evaluation

PIER Modules
www.pier.acponline.org
Access PIER modules on Preoperative Risk Assessment, Preoperative
Pulmonary Risk Assessment, Preoperative Cardiac Risk Assessment, Peri-
operative Management of Alcohol Abuse, Perioperative Management of
Adrenal Insufficiency, Perioperative Management of Diabetes Mellitus,
Perioperative Management of the Obese Patient, Perioperative Manage-
ment of the Hyperthyroid Patient, Perioperative Management of 
Hypertension, Perioperative Management of Congestive Heart Failure,
Perioperative Management of Rhythm and Conduction Disorders, and
Perioperative Valvular Disease Assessment.

Patient Information
www.annals.org/intheclinic/toolkit-preop.html
Download copies of the Patient Information sheet that appears on the
following page for duplication and distribution to your patients.

www.ahrq.gov/consumer/quicktips/tipsurgery.htm
Access the Agency for Healthcare Research and Quality: Quick Tips—
When Planning for Surgery

pier.acponline.org/physicians/diseases/periopr879/tables/periopr879-tables.html
Access patient instructions for management of diabetes drugs in the pre-
operative period.

Quality Measures
pier.acponline.org/qualitym/index.html
Access information about the quality measures included in the 2009
Physician Quality Reporting Initiative.

Clinical Guidelines
http://circ.ahajournals.org/cgi/reprint/116/17/1971.pdf
Access the American College of Cardiology Foundation/American Heart
Association 2007 guideline.

http://circ.ahajournals.org/cgi/content/full/113/22/2662
Access the American College of Cardiology/American Heart Association
2006 guideline on perioperative β-blocker therapy.

www.annals.org/cgi/content/full/144/8/575
Access the American College of Physicians 2006 Guideline on Risk
Assessment for and Strategies to Reduce Perioperative Pulmonary 
Complications for Patients Undergoing Noncardiothoracic Surgery.

address preoperative assessment
and strategies to reduce periopera-
tive pulmonary complications (48).

The ACC/AHA issued a focused
guideline update on perioperative 
β-blocker therapy in 2006 (25).
However, at the time of this article
preparation, a new update is 
anticipated because evidence on 
β-blockade has become available
since the 2006 update.

What do professional
organizations recommend
regarding preoperative evaluation?
Recommendations for preoperative
cardiac risk assessment are largely
drawn from the 2007 update of the
American College of Cardiology/
American Heart Association
(ACC/AHA) guidelines (41). In
2006, the American College of
Physicians issued guidelines that

Practice
Improvement

48. Qaseem A, Snow V,
Fitterman N, et al;
Clinical Efficacy
Assessment Sub-
committee of the
American College of
Physicians. Risk
assessment for and
strategies to reduce
perioperative pul-
monary complica-
tions for patients
undergoing noncar-
diothoracic surgery:
a guideline from the
American College of
Physicians. Ann
Intern Med.
2006;144:575-80.
[PMID: 16618955]
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What is a preoperative evaluation?

• Most patients have a check-up before having sur-
gery. This is to see if there is anything that puts
you at high risk for complications around the time
of your surgery.

• Talk with your doctor about your risks for surgery
complications and what you can do to lower them.

• If you are at high risk, the doctor will help you
make changes to lower your risk. Sometimes your
doctor might suggest that you delay nonemergency
surgery so that the things that put you at risk can
be controlled better.

• Heart problems, lung problems, stroke, bleeding
problems, blood clots, and infections are some of
the serious medical problems that can happen
around the time of surgery.

• The risks of surgery depend on the type of surgery,
your age, how healthy you are, and your health
habits.

• There are usually few complications with such sur-
geries as cataract surgery, other outpatient surger-
ies, and surgery without general anesthesia. Com-
plications happen more often with major surgeries,
such as those in which the chest or abdomen are
opened or surgery with general anesthesia.

What can you do to lower the risk of
surgical complications?

• If you drink alcohol, stop all alcohol 4 weeks before
surgery or at least have no more than 2 drinks a day.

• If you smoke, you should quit before surgery. It is
best if you quit 4 to 8 weeks before surgery.

• Tell your doctor about all prescription and over-
the-counter drugs that you take, including any

dietary or herbal supplements or treatments. Your
doctor will tell you whether you should stop or keep
taking these around the time of surgery.

• Keep a healthy body weight and stay active so that
you go into surgery in good physical shape.

• Tell your doctor if you have problems with bleeding,
bruise easily, or if anyone in your family has a
bleeding problem.

Will my doctor do tests before 
surgery?

• If you are healthy and having minor surgery, you
may not need any tests.

• If you have medical problems, you may need blood
tests, a chest X-ray, or heart tests.

• If you had tests in the 4 months before your surgery,
tell your doctor. You may not need the tests again.
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For More Information
Web Sites With Information on 
Preoperative Evaluation

www.ahrq.gov/consumer/quicktips/tipsurgery.htm
Agency for Healthcare Research and Quality: 

Quick Tips—When Planning for Surgery

www.facs.org/public_info/operation/wnao.html
American College of Surgeons: When You Need an Operation

www.sambahq.org/patient-info/faqs.html
Society for Ambulatory Anesthesia: Frequently Asked Questions
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1.

2.

3.

A 74-year-old man is being evaluated
before cataract replacement and intra -
ocular lens implantation. The patient
has type 2 diabetes mellitus, coronary
artery disease with history of congestive
heart failure after bypass surgery 4
years ago, and hypertension. His most
recent hemo globin A

1c
level was 7.2%.

Medications include glyburide, amlodip-
ine, lisinopril, furosemide, and aspirin.

Which of the following laboratory eval-
uations is indicated in preoperative
evaluation of this patient?

A. No laboratory tests are needed
B. Chest radiography
C. Prothrombin time
D. Electrocardiography
E. Complete blood count with

platelet count

A 56-year-old man with rheumatoid
arthritis needs a preoperative assessment
before a scheduled total knee replace-
ment. His only other medical problem is
hypertension. His medications include
prednisone, 5 mg/d; naproxen, 500 mg
twice daily; atenolol, 50 mg/d; hydro -
chlorothiazide, 25 mg/d; and omeprazole,
20 mg/d. On physical examination, his
pulse rate is 70/min and his blood pres-
sure is 142/80 mm Hg. He has facial
plethora and central obesity. His heart
and lungs are normal on examination.

What is the most appropriate regimen
for perioperative management of his
corticosteroid therapy?

A. Hydrocortisone, 50 mg intra -
venously every 8 hours for 3 doses;
followed by hydrocortisone, 25 mg
intrave nously every 8 hours for 
3 doses; then resume usual
outpatient regimen

B. Hydrocortisone, 100 mg
intravenously every 8 hours for 3
doses; then hydrocortisone, 50
mg intravenously every 8 hours
for 3 doses; then hydrocortisone,
25 mg intravenously every 8
hours for 3 doses; then resume
usual outpatient regimen

C. Prednisone, 10 mg on the day of
surgery and the first

postoperative day; then resume
usual dose of prednisone

D. Prednisone, 5 mg on the day of
surgery; prednisone, 10 mg on the
first postoperative day; then
resume usual outpatient regimen

A 35-year-old man with a 20-year history
of type 1 diabetes mellitus is undergoing
preoperative evaluation for renal transplan-
tation. His clinical course has been compli-
cated by hypertension, diabetic retinopathy,
and peripheral neuropathy that limit his
abi lity to walk. His blood pressure is 142/85
mm Hg. His low-density lipoprotein choles-
terol level is 3.62 mmol/L (140 mg/dL) and
his high-density lipoprotein cholesterol
level is 0.78 mmol/L (30 mg/dL). He cur-
rently smokes one half of a pack of ciga-
rettes daily. His electrocardiogram is consis-
tent with left ventricular hypertrophy based
on an S wave in lead V

2
plus an R wave in

lead V6 greater than 35 mV, left axis devia-
tion, and lateral ST-T changes. Left atrial
enlargement is also present. Medical con-
sultation is requested for evaluation of his
preoperative cardiovascular risk.

Which of the following is the most appro -
priate recommendation at this time?

A. No further evaluation is needed
B. Serum C-reactive protein level
C. 24-hour electrocardiographic

monitoring
D. Pharmacologic stress nuclear study
E. Coronary angiography

A 68-year-old man undergoes preopera-
tive evaluation before abdominal aortic
aneurysm repair. His history is significant
for coronary artery disease, hypertension,
and hyperlipidemia. His medications
include lisinopril, hydrochlorothiazide,
simvastatin, and daily aspirin. He has not
had angina since undergoing 3-vessel
coronary artery bypass graft 4 years ago.
He plays golf weekly, walking and carry-
ing his clubs on a hilly course; walks 2
miles in 35 to 40 minutes 3 to 4 times
weekly; and vacuums his house.

On physical examination, the pulse rate is
78/min and the blood pressure is 140/87
mm Hg. The rest of the examination is

unremarkable. Results of electrocardiog-
raphy are consistent with his most recent
electrocardiogram, with evidence of an
old inferior infarction. Laboratory studies,
including complete blood count, serum
electrolyte level, and renal function, are
normal.

Which of the following is the most
appropriate perioperative management
in this patient?

A. Atenolol
B. Exercise stress testing
C. Echocardiography
D. Intraoperative right heart

catheterization

A 45-year-old man undergoes preopera-
tive evaluation before elective arthro-
scopic knee repair of a sports-related
injury. His medical history includes 
hypertension treated with atenolol,
hydrochlorothiazide, and daily aspirin. He
has no bleeding problems associated with
previous tooth extractions or an appen-
dectomy he underwent as a teenager or
any other medical problems. He usually
drinks 1 to 2 glasses of wine with dinner,
does not smoke, and does not use illicit
drugs. Results of laboratory studies per-
formed 6 months ago, including serum
electrolyte levels, creatinine level, and
lipid profile, were normal.

On physical examination, pulse rate is
64/min, and blood pressure is 120/72
mm Hg. The remainder of the examina-
tion is normal.

Which of the following is the most
appropriate approach to preoperative
laboratory testing in this patient?

A. Electrocardiography and serum
electrolyte and creatinine
measurement

B. Chest radiography, complete
blood count, and serum
electrolyte measurement

C. Electrocardiography, serum
electrolyte measurement,
complete blood count, and
urinalysis

D. Complete blood count,
prothrombin time/international
normalized ratio, and urinalysis
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