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Ke y Points
1 The goals of a preoperative evaluation are to reduce patient
risk and morbidity associated with surgery and coexisting
diseases, promote eficiency and reduce costs, as well as to
prepare the patient medically and psychologically for surgery
and anesthesia.
2 The Joint Commission requires that all patients receive a
preoperative anesthetic evaluation, and the American Society
of Anesthesiologists (ASA) published a Practice Advisory for
Preanesthesia Evaluation in 2002 and Approved Basic Standards
for Preoperative Care, which were reafirmed in 2010.
3 It is important for the evaluation to be complete, accurate,
and clear, not only to allow the information to be relayed to
others who may care for the patient perioperatively, but also for
medicolegal purposes.
4 The preoperative evaluation serves as a screening tool to anticipate
and avoid airway dificulties or problems with anesthetic drugs.
In addition to the history and physical examination, previous
anesthesia records should be reviewed. Contraindications to
speciic drugs, such as succinylcholine, nitrous oxide, or volatile
agents, should be sought.
5 Review of the patient’s allergies and medication list, including
over-the-counter and herbal medications, should speciically
screen for latex allergy and potential drug interactions. It should
also alert the anesthesiologist to the need for steroid coverage.
6 When evaluating the patient with hypertension, diabetes
mellitus, or obesity it is important to determine the presence of
end-organ damage such as cardiovascular disease.

7 Exercise tolerance is the most important determinant of
cardiac risk. Algorithms exist for preoperative evaluation of
cardiac patients undergoing noncardiac surgery and are useful
guides for further testing and evaluation.
8 Preoperative laboratory tests should be ordered on the basis
of positive indings from the history and physical examination
or anticipated physiologic disturbances during surgery such as
blood loss.
9 Optimization of the patient’s health status prior to surgery
includes clear instruction regarding nothing by mouth times
as well as which medications to administer immediately before
surgery. In general, most medications for hypertension or
cardiac disease should be continued, and consideration should
be given to titrating an appropriate dose of beta-blocker in
patients at risk. The need for subacute bacterial endocarditis
prophylaxis should be anticipated. Likewise, drugs for asthma
or chronic obstructive pulmonary disease should be continued
or administered prophylactically. Medications taken for the
treatment of relux should be continued, or initiated for those
patients with untreated symptoms. For diabetic patients,
oral hypoglycemic agents should often be held, but patients
requiring insulin will need to continue to take adjusted doses.
10 Although preoperative sedation is generally limited to
drugs given immediately prior to anesthesia, the timing of
administration must be planned when oral sedation is needed
in children to allow optimal effect and avoid operating room
delays.
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Mult imedia
1 Airway Exam

the anesthesiologist in previewing the upcoming patients who
1 The goals of preoperative evaluation are to reduce patient risk
and the morbidity of surgery, as well as to promote eficiency
will be anesthetized. Preoperative questionnaires and computer2 and reduce costs. The Joint Commission requires that all patients
driven programs have become alternatives to traditional informareceive a preoperative anesthetic evaluation. The American Socition gathering. Finally, when anesthesiologists are responsible for
ety of Anesthesiologists (ASA) published on their web site an
ordering preoperative laboratory tests, cost saving occurs and canupdated Practice Advisory for Preanesthesia Evaluation in 2003
cellations of planned surgical procedures become less likely. In this
and also reafirmed the ASA Basic Standards for Preanesthetic
setting it is important that there is communication between the
Care in 2010, which outline the minimum requirements for a
preoperative evaluation clinic and the anesthesiologist performing
preoperative evaluation. The most recent ASA Practice Guidethe anesthetic.
lines can be found at http://www.asahq.org. Conducting a preoperative evaluation is based on the premise that it will modify
patient care and improve outcome. There is evidence, although
approaCh to the healthy patient
not entirely convincing in all instances, that the preoperative evaluation will increase patient safety. That is, armed with knowledge
preoperatively, the anesthesiologist can formulate and conduct
Standardization of best clinical practices may be enhanced by proan anesthetic plan that avoids dangers inherent in patient disease
cess control practices. In this regard, the preoperative evaluation
states. Furthermore, preoperative evaluations may reduce costs
form can serve as the basis for formulating the best anesthetic plan
and cancellation rates, increasing resource utilization in the oper- 3 tailored to the patient. It should aid the anesthesiologist in identifyating room (OR). This notion assumes that evaluations are done
ing potential complications, increase consistency in best care pracby anesthesiologists or other health-care providers familiar with
tices, as well as serve as a medicolegal document. The importance of
anesthesia, surgery, and perioperative events.
the design has increased as it is more common today for the evaluaThe preoperative evaluation has several components and goals.
tion to be completed in a preoperative clinic by another physician or
One should review the available medical record, obtain a history,
health professional who may not personally perform the anesthetic,
and perform a physical examination pertinent to the patient and
but also because regulatory agencies such as Joint Commission on
contemplated surgery. On the basis of the history and physical
Accreditation of Healthcare Organizations (JCAHO) demand betexamination, the appropriate laboratory tests and preoperative
ter documentation. Therefore, the information obtained needs to
consultations should be obtained. Through these, one needs to
be complete, concise, and legible. In those hospitals that have elecdetermine whether the patient’s preoperative condition may be
tronic medical records, legibility is no longer an issue. A group from
improved prior to surgery. Guided by these factors, the anestheUniversity of California, San Diego, studied the quality of preopsiologist should choose the appropriate anesthetic and care plan.
erative evaluation forms across the United States and rated them
Finally, the process should be used to educate the patient about
in three categories: informational content, ease of use, and ease of
anesthesia and the perioperative period, answer all questions, and
reading.1 Their results revealed that a surprisingly high percentage
obtain informed consent.
of forms are missing important information. While most anesthesiThe irst part of this chapter outlines clinical risk factors pertiology departments will transition to electronic records, Figure 22-1
nent to patients scheduled for anesthesia and surgery and the use
is an example of a preoperative evaluation form in paper format,
of tests to conirm diagnoses. The second part discusses preopwhich gives a concise view of the subjects that should be covered,
erative medication. The chapter provides only an overview of the
with pertinent information listed in check boxes.
preoperative management process; for more details, the reader is
The approach to the patient should always begin with a thorreferred to chapters focusing on speciic organ systems.
ough history and physical examination. These two evaluations
alone may be suficient (without additional routine laboratory
tests).
Indication for the Surgical Procedure. This is part of the preopChanging ConCepts in
erative history because it will help determine the urgency of the
preoperative evaluation
surgery. True emergency procedures, which are associated with a
recognized higher anesthetic morbidity and mortality, require a
more abbreviated evaluation. A less deined area is the approach
In the past, patients were admitted to the hospital at least a day
to urgent procedures. For example, ischemic limbs require surgery
prior to surgery. Currently, more and more patients are admitted
soon after presentation, but can usually be delayed for 24 hours
to the hospital from the postanesthesia care unit. Older patients
for further evaluation. The indication for the surgical procedure
are scheduled for more complex procedures, and there is more
may also have implications on other aspects of perioperative manpressure on the anesthesiologist to reduce the time between cases.
agement. For example, the presence of a small bowel obstruction
The irst time that the anesthesiologist performing the anesthetic
has implications regarding the risk of aspiration and the need for
sees the patient may be just prior to anesthesia and surgery. Others
a rapid sequence induction. The extent of a lung resection will
may have seen the patient previously in a preoperative evaluation
dictate the need for further pulmonary testing and perioperative
clinic. Only a short time exists to engender trust and answer lastmonitoring. Patients undergoing carotid endarterectomy may
minute questions. It is often impossible to alter medical therapy
require a more extensive neurologic examination, as well as testing
immediately preoperatively. However, preoperative screening
to rule out coronary artery disease (CAD). The planned procedure
clinics are becoming more effective and clinical practice guidelines
also dictates patient positioning and often whether blood products
are becoming more prevalent. Information technology has helped

tahir99-VRG & vip.persianss.ir

585

CHAPTER 22 Preoperative Patient Assessment and Management

CHD
Cardiomyopathy
PV D

Surgical Diagnosis
Age

G ender

BP
Allergies

P

Wt

Ht

rr

T
Latex allergy

Hospital Number
Lab Data

WNL

HTN
CHF
Angina

CAD
R F
DOE

MI
Pacer
Orthopnea

V alv e disease
Dysrrhythmia

Murmur

Exercise tolerance:
CV Exam:
EKG:
Patient ex amined and chart rev iew ed.
Patient approv ed f or anesthesia.
Potential post-op I CU admission
A/P:

Echo/Cath:

Medications (Include Drugs, OTC and Herbals):

WNL

Central Nervous System
CV A
TI A
HA
NM disease
Altered MS/G CS

LOC
Seiz ures
Weak ness Parethesias
Spinal cord inj ury

I CP
Psych disorder

Malignant hyperthermia

Anesthetic History

Renal
I nsuf f iciency

WNL
Failure

WNL

GI, Hepatic
Liv er disease

Attending Signature

Hepatitis

Bow el obstruction

N/V

R ef lux

E TOH_drink s /
HEENT
Teeth:
Class: I
II
III
Chin:
Neck :
Respiratory System
Asthma
TB
Cough
Tobacco:

Bronchitis
Penumothorax
R eq uiresO
2
ppd

Time

Date

POSTANE STHE TI C E V ALU ATI ON

Dialysis: last date

PACU / ICU / Ward
E x tubated
2O
sat
P
Satisf actory spont v ent
Protectiv e ref lex es
BP
IT
Follow s commands
T
R eport giv en

Hx of dif f icult airw ay
Endocrine, Metabolic, Infections, Other
IV

Diabetes

Thyroid disease

WNL

R A

Steroids

Coagulopathy

Chemotherapy

Sick le Cell

Pregnant

Anemia

HI V

MR SA

V R E

WNL
COPD
Pneumonia
R ecent U R I Dyspnea
Steroids
Snoring/
Sleep Apnea

Additional Information / Interval History

Signature

Time

Date

POSTANE STHE TI C PR OG R E SS NOTE
No anesthesia related adv erse ev ents

Adv ance directiv e( s) documented elsew here

Y R

Chest Exam:
CxR:

NPO Status:
I nv asiv e monitors:
I V Access:

Anesthetic options / risk s discussed

Pt I nstructions:

R isk s discussed and patient/guardian understands.

Print Name/Signature

Time

Date

Print Staf f Name/Signature

Time

Date

Signature

Time

Date

Figure 22-1. Example of preanesthetic evaluation form.

therapy when two or more of the risk factors were present when
will be necessary. Frequently, further information will be required
that necessitates contacting the surgeon. Perioperative care of the
using volatile anesthetics.2,3 However, armed with this knowledge
patient, as well as eficiency in the OR, is always enhanced by close
preoperatively, the anesthesiologist is able to tailor the anesthetic or
communication with the surgeons.
possibly avoid general anesthesia and opioids altogether.
4
Response to Previous Anesthetics. The ability to review previous 5
Medications/Allergies. The history should include a comanesthetic records is helpful in detecting the presence of a dificult
plete list of medications, including over-the-counter and herbal
airway, a history of malignant hyperthermia (MH), and the indiproducts (Table 22-1), to deine a preoperative medication regividual’s response to surgical stress and speciic anesthetics. The
men, anticipate potential drug interactions, and provide clues to
patient should be questioned regarding any previous dificulty
underlying disease. A complete list of drug allergies, including
with anesthesia or other family members having dificulty with
previous reactions, should be obtained, as well as an inquiry conanesthesia. A patient history relating an “allergy” to anesthesia
cerning reaction to latex.
should make one suspicious for MH. In those patients diagnosed
If the patient presents on the day of surgery, the anesthesiolowith MH or as MH susceptible, not only will it affect the anesthetic
gist should determine when the patient last ate, as well as note the
regimen, but it should also bring into question the appropriatesites of preexisting intravenous cannulae and invasive monitors.
ness of outpatient surgery.
Once the general issues are completed, the preoperative history
Perhaps not life threatening, but persistent nausea and vomiting
and physical examination can focus on speciic systems.
after a previous surgery may be the patient’s most negative and lasting memory. There are multiple predictors for postoperative nausea
and vomiting, including the type of surgical procedure, the anesScreening Patients Using a Systems Approach
thetic agents, as well as patient factors. A risk score for predicting
postoperative nausea and vomiting after inhalation anesthesia idenAirway
tiied four risk factors: female gender, prior history of motion sickness or postoperative nausea, nonsmoking, and the use of postopAt the forefront of every anesthesiologist’s mind is the conerative opioids. The investigators suggested prophylactic antiemetic
cern about the patient’s airway. Questions to address include
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table 22-1. Herbal/Dietary SupplementS anD Drug interactionS
Brand Name

Common Uses

Pharmacologic Effects & Drug Interactions

Echinacea

Treat URI, UTI, wounds, and
burns
Weight loss aid
Bacteriostatic
Antitussive

Activation of cell-mediated immunity
Allergic reactions, decreased effectiveness of immunosuppressants
Increased HR and BP thru direct and indirect sympathomimetic effects
Potential arrhythmias with digoxin or halothane, hypertension with
oxytocin
Enhanced sympathomimetic effects with other sympathomimetics
or MAOIs
Inhibit platelet activity and increase bleeding
Rebound headache with sudden cessation
Illegally distributed drugs
Death, Seizures, unconsciousness
Bradycardia, slowed respirations
Potential for increased bleeding

Ephedra

Feverfew
GBL, BD, GHB (Gammabutyrolactone)
Garlic

Ginger
Ginkgo
Ginseng
Goldenseal

Kava-kava

Migraine prophylaxis
Antipyretic
Bodybuilding
Weight loss aid
Sleep aid
Inhibition of platelet aggregation
Lipid lowering, BP lowering
Antioxidant
Antinausea
Antispasmodic
Blood thinner
Energy level enhancer
Antioxidant
Diuretic
Anti-inlammatory
Laxative
Anxiolytic

Licorice

Treat gastritis/ulcers
Treat cough/bronchitis

St. John’s wort

Treat depression, anxiety

Valerian
Vitamin E

Mild sedative, anxiolytic
Slow aging
Prevent stroke, pulmonary
emboli
Prevent atherosclerosis
Promote wound healing

Potent inhibitor of thromboxane synthetase; may increase bleeding
time
May enhance bleeding in patients on anticoagulant or
antithrombotic therapy
May inhibit platelet aggregation and increase bleeding
Decreased blood glucose
Functions as an oxytocic
Overdose (?) may cause paralysis
May worsen edema and/or hypertension
Potentiates sedative effects of anesthetics
Potentiates ethanol effects
May cause hepatotoxicity
Glycyrrhizic acid in licorice may cause high blood pressure, hypokalemia,
edema
Contraindicated in many chronic liver conditions, renal insuficiency
May induce hepatic cytochromes P450, 3A4 and decrease drug levels
(i.e. digoxin)
May prolong effects of anesthesia (anecdotal reports)
May potentiate sedative effects of anesthetics
May increase bleeding, particularly in conjunction with other anticoagulant and antithrombotic drugs.
High doses may increase risk of death in patients with serious heart
disease

Adapted from the ASA Physician Brochure: What You Should Know About Your Patients’ Use of Herbal Medicines and Other Dietary Supplements, 2003
www. ASAhq.org

whether there is potential for dificulty in maintaining a patent airway with a mask and a laryngeal mask airway or in the
ability to place an endotracheal tube when the patient is under
general anesthesia. The ability to review previous anesthetic
records is especially useful in uncovering an unsuspected “dificult airway” or to conirm previous uneventful intubations,
noting whether the patient’s body habitus has changed in the
interim. Patients should be questioned about their ability to
breathe through their nose, whether there is suspected or diagnosed obstructive sleep apnea (OSA), and whether they have
orthopnea. Evaluation of the airway involves examination of
the oral cavity including dentition, determination of the thyromental distance, assessment of the size of the patient’s neck and
scanning for tracheal deviation or masses, as well as evaluation
of their ability to lex the base of the neck and extend the head.

For trauma patients or patients with severe rheumatoid arthritis
or Down syndrome, assessment of the cervical spine is critical.
The presence of symptoms or signs of cervical cord compression
should be assessed. In some instances, radiographic examination may also be required.
The Mallampati classiication has become the standard for
assessing the relationship of the tongue size relative to the oral
cavity (Table 22-2),4 although by itself the Mallampati classiication has a low positive predictive value in identifying patients who
are dificult to intubate.5,6 Intubation involves multiple steps:
Flexion of the neck, extension of the head, opening the mouth to
insert the laryngoscope, and displacing the tongue forward and
down into the submandibular space to expose the glottis. Therefore, a multifactorial approach to predict intubation dificulty as
shown in Table 22-3 has proven more helpful. One must keep in
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table 22-2. moDifieD mallampati airway
claSSification SyStem

Class
I
II
III
IV

Direct Visualization,
Patient Seated
Full view of soft palate, uvula, tonsillar pillars
Soft palate and upper portion of uvula
Soft palate
Hard palate only

Modiied from Mallampati RS, Gatt SP, Gugino LD, et al. A clinical sign to predict
dificult tracheal intubation: A prospective study. Can Anaesth Soc J. 1985;32:429,
with permission.

mind that factors that predict a dificult intubation are not necessarily the same factors that predict a dificult mask airway. For
example, the absence of teeth clearly makes laryngoscopy less dificult, but at the same time can make maintaining a mask airway
more challenging.

Pulmonary System
A screening evaluation should include questions regarding
the history of tobacco use, dyspnea, exercise tolerance, cough,
wheezing, inhaler use, recent upper respiratory tract infection, stridor, and snoring or sleep apnea. Physical examination
should assess the respiratory rate as well as the chest excursion,
use of accessory muscles, nail color, and the patient’s ability to

table 22-3. componentS of tHe airway
examination wHicH SuggeSt
Difficulty witH intubation
1. Long upper incisors
2. A prominent “overbite”
3. The patient cannot protrude the mandibular incisors
anterior to maxillary incisors.
4. Interincisor distance is less than 3 cm when mouth is
fully opened.
5. Uvula is not visible when tongue is protruded with
patient in sitting position.
6. Shape of palate is highly arched or very narrow.
7. Mandibular space is noncompliant.
8. Thyromental distance is less than three ingerbreadths.
9. Neck is short or thick.
10. Patient lacks normal range of motion of head and neck.
This table displays some indings of the airway physical examination that may
suggest dificulty with intubation. Clinical context and judgment determine
which of the components apply to a particular patient. The order of presentation in this table follows the “line of sight” that occurs during conventional oral
laryngoscopy.
Modiied from the Task Force on Dificult Airway Management: Practice guidelines for management of the dificult airway: An updated report by the American
Society of Anesthesiologist Task Force on Management of the Dificult Airway.
Anesthesiology. 2003;98:1269.
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carry on a conversation or to walk without dyspnea. Auscultation should be used to detect decreased breath sounds, wheezing, stridor, or rales. For the patient with positive indings, see
the section on the preoperative evaluation of the patient with
pulmonary disease.

Cardiovascular System
6 When screening a patient for cardiovascular disease prior to surgery, the anesthesiologist is most interested in recognizing the
signs and symptoms of uncontrolled hypertension and unstable
cardiac disease such as myocardial ischemia, congestive heart
failure, valvular heart disease, and signiicant cardiac dysrhythmias. Symptoms of cardiovascular disease should be carefully
determined, especially the characteristics of chest pain, if present.
Certain populations of patients, such as the elderly, women, or
diabetics, may present with more atypical features. The presence of unstable angina has been associated with a high perioperative risk of myocardial infarction (MI).7 The perioperative period is associated with a hypercoagulable state and surges
in endogenous catecholamines, both of which may exacerbate
the underlying process in unstable angina, increasing the risk
of acute infarction. The preoperative evaluation can affect a
patient’s short- and long-term health by instituting treatment
of unstable angina. Symptoms of clinically important valvular
disease should be sought, such as angina, dyspnea, syncope, or
congestive heart failure that would require further evaluation.
Importantly, the anesthesiologist must identify patients who
have undergone coronary artery stent or cardiac implantable
device placement to be able to coordinate perioperative management with the cardiologist (see section on patient with cardiovascular disease).
The anesthesiologist should also be familiar with the American Heart Association (AHA) web site (http://www.heart.org/),
which has links to the latest AHA statements and guidelines for
health professionals. Here, one can ind the most recent recommendations regarding which patients and procedures require
subacute bacterial endocarditis prophylaxis.8
The examination of the cardiovascular system should include
blood pressure evaluation, measuring both arms when appropriate. The anesthesiologist should take into account the effects of
preoperative anxiety and may want a record of resting blood pressure measurements. However, Bedford and Feinstein9 reported
that the admission blood pressure was the best predictor of HR
and BP response to laryngoscopy. Auscultation of the heart is performed, speciically listening for a murmur radiating to the carotids
suggestive of aortic stenosis, abnormal rhythms, or a gallop suggestive of heart failure. The presence of bruits over the carotid arteries would warrant further workup to determine the risk of stroke.
The extremities should be examined for the presence of peripheral
pulses to exclude peripheral vascular disease or congenital cardiovascular disease.

Neurologic System
A screening of the neurologic system in the apparently healthy
patient can be accomplished through simple observation. The
patient’s ability to answer health history questions practically
ensures a normal mental status. Questions can be directed regarding a history of stroke and to exclude the presence of cerebrovascular disease, seizure history, preexisting neuromuscular disease,
or nerve injuries. The neurologic examination may be cursory in
healthy patients or extensive in patients with coexisting disease.
Testing of strength, relexes, and sensation may be important in
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table 22-4. american Society of aneStHeSiologiStS (aSa) pHySical
StatuS (pS) claSSification
ASA PS class 1

Normal healthy patient. No organic, physiologic, biochemical, or
psychiatric disturbance
Mild-to-moderate systemic disease that is well controlled and causes
no organ dysfunction or functional limitation, that is, treated
hypertension
Severe systemic disease of at least one organ system that does cause
functional limitation, that is, stable angina
Severe systemic end-stage disease of at least one organ system that is life
threatening with or without surgery, that is, congestive heart failure
or renal failure
Moribund patient who has little chance of survival but is submitted to
surgery as a last resort (resuscitative effort), that is, ruptured aortic
aneurysm
A declared brain-dead patient whose organs are being removed for
donor purposes
Any patient in whom an emergency operation is required

ASA PS class 2

ASA PS class 3
ASA PS class 4

ASA PS class 5

ASA PS class 6
Emergency operation (E)

Modiied from American Society of Anesthesiologists: New classiication of physical status. Anesthesiology 1963;24:111.

deine risk, determine which patients will beneit from further testing, form an appropriate anesthetic plan, and identify
patients who will beneit from perioperative beta-blockade,
interventional therapy, or even surgery. Clinical risk indices
range from the physical status index of the ASA (Table 22-4)
to the Goldman Cardiac Risk Index, which has recently been
updated.
In an update of the Goldman Cardiac Risk Index, the investigators studied 4,315 patients aged 50 years and older who were
undergoing elective, major noncardiac procedures.10 Six independent predictors of complications were identiied and included
in a revised risk index: high-risk type of surgery, history of ischemic heart disease, history of congestive heart failure, history of
cerebrovascular disease, preoperative treatment with insulin, and
preoperative serum creatinine >2.0 mg/dL. Cardiac complications rose with an increase in the number of risk factors present.
Rates of major cardiac complications with 0, 1, 2, or 3 of these factors were 0.5%, 1.3%, 4%, and 9%, respectively, in the derivation
cohort and 0.4%, 0.9%, 7%, and 11%, respectively, among 1,422
patients in the validation cohort (Fig. 22-2).

patients if the anesthetic plan or surgical procedure may result in
a change in the condition.

Endocrine System
Each patient should be questioned for symptoms that suggest
endocrine diseases that may affect the perioperative course: diabetes mellitus, thyroid disease, parathyroid disease, endocrinesecreting tumors, and adrenal cortical suppression.

evaluation oF the patient with
Known systemiC Disease
Cardiovascular Disease
The preoperative evaluation of the patient with suspected cardiovascular disease has been approached in two ways: Clinical
risk indices and preoperative cardiac testing. The goals are to

16
1

2

3

4

14
12
Percent

Figure 22-2. Cardiac risk index (CRI). Bars
represent rate of major cardiac complications
in entire patient population (both derivation
and validation cohorts combined) for patients
in revised CRI classes according to the type of
procedure performed. Note that, by definition,
patients undergoing abdominal aortic aneurysm (AAA), thoracic, and abdominal procedures were excluded from class I. In all subsets
except patients undergoing AAA, there was
a statistically significant trend toward greater
risk with higher-risk class. See text for details.
(Reproduced 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, with permission.)
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While all of these indices provide information to assess the
probability of complications and provide an estimate of risk,
they do not prescribe perioperative management. In contrast, the
anesthesiologist is most concerned with forming an anesthetic
plan after deining the cardiovascular risk factors.
In patients with symptomatic coronary disease, the preoperative evaluation may reveal a change in the frequency or pattern of
anginal symptoms. Certain populations of patients—for example,
the elderly, women, or diabetics—may present with more atypical features. The presence of unstable angina has been associated
with a high perioperative risk of MI.7
In virtually all studies, the presence of active congestive heart
failure preoperatively has been associated with an increased incidence of perioperative cardiac morbidity.11,12 Stabilization of
ventricular function and treatment for pulmonary edema are
important prior to elective surgery. Because the type of perioperative monitoring and treatments would be different, clarifying
the cause of heart failure is important. Congestive symptoms may
be a result of nonischemic cardiomyopathy or cardiac valvular
insuficiency and/or stenosis.
Adults with a prior MI almost always have CAD. Traditionally, risk assessment for noncardiac surgery was based on the time
interval between the MI and surgery. Multiple older studies have
demonstrated an increased incidence of reinfarction if the MI was
within 6 months of surgery.13–15 With improvements in perioperative care, this difference has decreased. Therefore, the impor-
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tance of the intervening time interval may no longer be valid in the
current era of interventional therapy and risk stratiication after
an acute MI. Although many patients with an MI may continue
to have myocardium at risk for subsequent ischemia and infarction, other patients may have their critical coronary stenoses either
totally occluded or widely patent. For example, the use of percutaneous transluminal coronary angioplasty, thrombolysis, and early
coronary artery bypass grafting (CABG) has changed the natural
history of the disease.16,17 Therefore, patients should be evaluated from the perspective of their risk for ongoing ischemia. The
American Heart Association (AHA)/American College of Cardiology (ACC) Task Force on Perioperative Evaluation of the Cardiac
Patient Undergoing Noncardiac Surgery has deined patient risk
groups—based on clinical predictors (Table 22-5).18

Identifying Patients at Risk for Cardiac Disease
For those patients without overt symptoms or history, the probability of CAD varies with the type and number of atherosclerotic
risk factors present. Peripheral arterial disease has been shown to
be associated with CAD in multiple studies.19

Diabetes Mellitus
Diabetes mellitus is a common disease with a pathophysiology
that affects multiple organ systems. Complications of diabetes

table 22-5. clinical preDictorS of increaSeD perioperative carDiovaScular riSk
(myocarDial infarction, congeStive Heart failure, DeatH)
Major
Unstable coronary syndromes
• Recent myocardial infarctiona with evidence of important ischemic risk by clinical symptoms or noninvasive study
• Unstable or severeb angina (Canadian class III or IV)c
Decompensated congestive heart failure
Signiicant dysrhythmias
• High-grade atrioventricular block
• Symptomatic ventricular arrhythmias in the presence of underlying heart disease
• Supraventricular arrhythmias with uncontrolled ventricular rate
Severe valvular disease
Intermediate
Mild angina pectoris (Canadian class I or II)
Prior myocardial infarction by history or pathologic Q waves
Compensated or prior congestive heart failure
History of cerebrovascular disease
Diabetes mellitus
Renal insuficiency
Minor (markers for disease that have not been proven to increase perioperative risk independently)
Advanced age
Abnormal ECG (left ventricular hypertrophy, left bundle-branch block, ST-T abnormalities)
Rhythm other than sinus (e.g., atrial ibrillation)
Low functional capacity (e.g., inability to climb one light of stairs with a bag of groceries)
Uncontrolled systemic hypertension
The American College of Cardiology National Database Library deines recent myocardial infarction as >7 days but ≤1 month (30 days).
May include “stable” angina in patients who are unusually sedentary.
c
Campeau L. Grading of angina pectoris. Circulation. 1976;54:522.
ECG, electrocardiogram.
Modiied and updated from Eagle K, Brundage B, Chaitman B, et al. Guidelines for perioperative cardiovascular evaluation of the noncardiac surgery. A report of
the American Heart Association/American College of Cardiology Task Force on Assessment of Diagnostic and Therapeutic Cardiovascular Procedures. Circulation.
1996;93:1278, with permission.

a
b
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mellitus are frequently the cause of urgent or emergent surgery,
especially in the elderly. Diabetes accelerates the progression of
atherosclerosis, so it is not surprising that diabetics have a higher
incidence of CAD than nondiabetics. There is a high incidence
of both silent MI and myocardial ischemia.20 Eagle et al.21 demonstrated that diabetes is an independent risk factor for perioperative cardiac morbidity. The duration of the disease and other
associated end-organ dysfunction may alter the overall cardiac
risk. Autonomic neuropathy has been reported as the best predictor of silent CAD.22 Because these patients are at very high risk for
a silent MI, an electrocardiogram (ECG) should be obtained to
examine for the presence of Q waves.

Hypertension
Hypertension has also been associated with an increased incidence of silent myocardial ischemia and infarction.20 Hypertensive patients who have left ventricular hypertrophy and are
undergoing noncardiac surgery are at a higher perioperative risk
than nonhypertensive patients.23
Investigators have suggested that the presence of a strain pattern on ECG suggests a chronic ischemic state.24 Therefore, these
patients should also be considered to have an increased probability of CAD and for perioperative morbidity.
There is controversy regarding a trigger to delay or cancel a
surgical procedure in a patient with untreated or inadequately
treated hypertension. Hypertension has been divided into three
stages, with stage 3 denoting that which might be used as a cutoff
(Table 22-6).25 Aggressive treatment of blood pressure is associated with increased reduction in long-term risk, although the
effect diminishes in all but diabetic patients as diastolic blood
pressure is reduced below 90 mm Hg. Although there has been
a suggestion in the literature that a case should be delayed if the
diastolic pressure is >110 mm Hg, the study often quoted as the
basis for this determination demonstrated no major morbidity
in that small group of patients.26 Other authors state that there is
little association between blood pressures of <180 mm Hg systolic
or 110 mm Hg diastolic and postoperative outcomes. However,
such patients are prone to perioperative myocardial ischemia, ventricular dysrhythmias, and lability in blood pressure. It is less clear
in patients with blood pressures above 180/110 mm Hg, although
no absolute evidence exists that postponing surgery will reduce
risk.27,28 In the absence of end-organ changes, such as renal insuficiency or left ventricular hypertrophy with strain, the beneits of
optimizing blood pressure must be weighed against the risks of
delaying surgery.

Other Risk Factors
Several other factors associated with atherosclerosis have been
used to suggest an increased probability of CAD. These include
tobacco use and hypercholesterolemia. Although these risk factors increase the probability of developing CAD, they have not
been shown to increase perioperative cardiac risk. When attempting to determine the overall probability of disease, the number of
risk factors and severity of each are important.

Importance of Surgical Procedure
The surgical procedure inluences the scope of preoperative evaluation required by determining the potential range of physiologic
lux during the perioperative period. Few data exist deining the
surgery-speciic incidence of complications. Peripheral procedures, such as those included in a study of ambulatory surgery
completed at the Mayo Clinic, are associated with an extremely
low incidence of morbidity and mortality,29 while major vascular
procedures are associated with the highest incidence of complications. The AHA/American College of Cardiology guidelines
describe risk stratiication for noncardiac surgery as shown in
Table 22-7.18 Eagle et al.30 published data on the incidence of perioperative MI and mortality by procedure for patients enrolled in
the Coronary Artery Surgery Study. They determined the overall

table 22-7. carDiac riSka Stratification
baSeD on tHe Surgical
proceDure in patientS
witH known coronary
artery DiSeaSe
High

(Reported cardiac risk often >5%)
• Emergent major operations,
particularly in the elderly
• Aortic and other major vascular open
surgeries
• Peripheral vascular surgery
• Anticipated prolonged surgical
procedures associated with large luid
shifts and/or blood loss

Intermediate

(Reported cardiac risk generally 1-5%)
• Carotid endarterectomy
• Head and neck surgery
• Intraperitoneal and intrathoracic
surgery
• Orthopedic surgery
• Prostate surgery

Lowb

(Reported cardiac risk generally <1%)
• Endoscopic procedures
• Supericial procedures
• Cataract surgery
• Breast Ambulatory procedures

table 22-6. blooD preSSure

Category
Optimal
Normal
High-normal
Hypertension
Stage 1
Stage 2
Stage 3

Systolic
(mm Hg)

Diastolic
(mm Hg)

<120
<130
130–139

and
and
or

<80
<85
85–89

140–159
160–179
≥180

or
or
or

90–99
100–109
≥110

Reproduced from Sixth report of the Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood Pressure. Arch Intern Med.
1997;157:2413, with permission.

a

Combined incidence of cardiac death and nonfatal myocardial infarction.
Do not generally require further preoperative cardiac testing.
Modiied and updated from Eagle K, Brundage B, Chaitman B, et al. Guidelines
for perioperative cardiovascular evaluation of the noncardiac surgery. A report of
the American Heart Association/American College of Cardiology Task Force on
Assessment of Diagnostic and Therapeutic Cardiovascular Procedures. Circulation. 1996;93:1278, with permission.

b
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table 22-8. eStimateD energy requirement for variouS activitieS
1 MET

Can you take care of yourself?
Eat, dress, or use the toilet?
Walk indoors around the house?
Walk a block or two on level ground at 2–3 mph
or 3.2–4.8 km/h?
Do light work around the house, like dusting or
washing dishes?
4 METs Climb a light of stairs or walk up a hill?

4 METs

Walk on level ground at 4 mph or 6.4 km/h?
Run a short distance?
Do heavy work around the house, like scrubbing loors or
lifting or moving heavy furniture?
Participate in moderate recreational activities like golf, bowling,
dancing, doubles tennis, or throwing a baseball or football?

>10 METs Participate in strenuous sports like swimming, singles tennis,
football, basketball, or skiing

MET, metabolic equivalent.
Adapted from the Duke Activity Status Index and American Heart Association Exercise Standards. Reproduced from Eagle K, Brundage B, Chaitman B, et al. Guidelines
for perioperative cardiovascular evaluation of the noncardiac surgery. A report of the American Heart Association/American College of Cardiology Task Force on Assessment of Diagnostic and Therapeutic Cardiovascular Procedures. Circulation. 1996;93:1278, with permission.

risk of perioperative morbidity in patients with known CAD
treated either medically or with prior CABG. Their data differed
slightly and found that high-risk procedures include major vascular, abdominal, thoracic, and orthopedic surgery.

Importance of Exercise Tolerance
7 Exercise tolerance is one of the most important determinants of
perioperative risk and the need for further testing and invasive
monitoring. An excellent exercise tolerance, even in patients
with stable angina, suggests that the myocardium can be stressed
without failing. If a patient can walk a mile without becoming
short of breath, the probability of extensive CAD is small. Alternatively, if patients experience dyspnea associated with chest
pain during minimal exertion, the probability of extensive CAD
is high, which has been associated with greater perioperative risk.
In addition, these patients are at risk for developing hypotension
with ischemia and therefore may beneit from more extensive
monitoring, coronary intervention therapy, or revascularization.
Exercise tolerance can be assessed with formal treadmill testing or with a questionnaire that assesses activities of daily living
(Table 22-8).18
Reilly et al.31 have evaluated the predictive value of selfreported exercise tolerance for serious perioperative complications and demonstrated that a poor exercise tolerance (could not
walk four blocks and climb two lights of stairs) independently
predicted complications. The likelihood of a serious adverse
event was inversely related to the number of blocks that could be
walked. Therefore, there is good evidence to suggest that minimal
additional testing is necessary if the patient is able to describe a
good exercise tolerance.

Indications for Further Cardiac Testing
Multiple algorithms have been proposed to determine which
patients require further testing. As described previously, the risk
associated with the proposed surgical procedure inluences the
decision to perform further diagnostic testing and interventions.
With the reduction in perioperative morbidity, it has been suggested that extensive cardiovascular testing is not necessary. However, until these indings can be conirmed, further testing may be
warranted.
The algorithm to determine the need for testing proposed by
the American College of Cardiology/American Heart Association Task Force updated in 2002 and again in 200732 is based on
the available evidence and expert opinion that integrates clinical

history, surgery-speciic risk, and exercise tolerance. In the irst
step, the clinician evaluates the urgency of the surgery and the
appropriateness of a formal preoperative assessment. Next, one
should determine if the patient has undergone a recent revascularization procedure or coronary evaluation. Those patients
with unstable coronary syndromes should be identiied, and
appropriate treatment instituted. Finally, the decision to undergo
further testing depends on the interaction of the clinical risk factors, surgery-speciic risk, and functional capacity. For patients at
intermediate clinical risk, both exercise tolerance and the extent
of the surgery are taken into account to determine the need for
further testing. Importantly, no preoperative cardiovascular testing should be performed if the results will not change perioperative management.

Electrocardiogram
Preoperative 12-lead ECG can provide important information on
the state of the patient’s myocardium and coronary circulation.
Abnormal Q waves in high-risk patients are highly suggestive of a
past MI. Conirmation of active ischemia usually requires changes
in at least two leads. It has been estimated that approximately 30%
of MIs occur without symptoms (“silent infarctions”) and can only
be detected on routine ECGs, with the highest incidence occurring
in patients with either diabetes or hypertension. The Framingham
study showed that long-term prognosis is not improved by lack of
symptoms.20 The absence of Q waves on the ECG does not exclude
the occurrence of a Q-wave MI in the past. Between 5% and 27% of
Q waves disappeared over the 10-year period following an infarction during the 1970s.33 Those patients in whom the ECG reverts
to normal have improved survival compared with those with consistent abnormalities, with or without Q waves. The presence of Q
waves on a preoperative ECG in a high-risk patient, regardless of
symptoms, should alert the anesthesiologist to the increased perioperative risk and the possibility of active ischemia.
It has not been established that information obtained from
the preoperative ECG affects clinical care. A review of clinical
studies on the matter is inconclusive. In one retrospective review
of adult patients undergoing ambulatory surgery, the preoperative ECG was not predictive of perioperative risk.34 Although controversy exists, there are current recommendations for the need
for a preoperative ECG. A preoperative resting 12-lead ECG is
recommended for patients with at least one clinical risk factor
who are undergoing vascular surgical procedures and for patients
with known CAD, peripheral arterial disease, or cerebrovascular
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disease who are undergoing intermediate-risk surgical procedures.
A perioperative ECG is reasonable in persons with no clinical risk
factors who are about to undergo vascular surgical procedures and
may be reasonable in patients with at least one clinical risk factor
who are undergoing intermediate-risk operative procedures.32

tional capacity (less than four metabolic equivalents) who require
vascular surgery is reasonable if it will change management. Noninvasive testing in other patients about to go under intermediate-risk
noncardiac surgery or vascular surgery is less clear.32

Assessment of Ventricular and Valvular Function
Noninvasive Cardiovascular Testing
The exercise ECG has been the traditional method in the past for
evaluating patients with suspected CAD. It represents the most
cost-effective and least invasive method for detecting ischemia,
with a sensitivity of 70% to 80% and a speciicity of 60% to 75%
for identifying CAD. A positive exercise stress test alerts the anesthesiologist that the patient is at risk for ischemia associated with
increased heart rate, with the greatest risk in those who develop
ischemia only after mild exercise. However, as discussed previously,
the ability to exercise suggests that no further testing is necessary,
and therefore stress electrocardiography is infrequently indicated.
A number of high-risk patients are either unable to exercise or
have contraindications to exercise, for example, those with claudication. Therefore, pharmacologic stress testing and ambulatory
electrocardiography have come into vogue, particularly as preoperative cardiovascular tests in patients scheduled for vascular
surgery. Pharmacologic stress thallium imaging is useful in those
patients who are unable to exercise. Dipyridamole or adenosine
is administered as a coronary vasodilator to assess low heterogeneity. The presence of a redistribution defect is predictive of
postoperative cardiac events, especially in patients undergoing
peripheral vascular surgery. Similarly, dobutamine can be used to
increase myocardial oxygen demand, by increasing heart rate and
blood pressure, in those patients who cannot exercise.
The ambulatory ECG (e.g., Holter monitoring) provides a
means of continuously monitoring the ECG for signiicant ST
segment changes preoperatively. One study demonstrated that
the presence of silent ischemia is a strong predictor of outcome,
while its absence is associated with a favorable outcome in 99%
of the patients studied.35 Other investigators have demonstrated
the value of ambulatory ECG monitoring, although the negative
predictive values have not been as high as reported by some.
Stress echocardiography is another preoperative test that
may be of value in evaluating patients with suspected CAD. The
appearance of either new or more severe regional wall motion
abnormalities with exercise is considered a positive test. Either
represents areas at risk for myocardial ischemia. The advantage of
stress echocardiogram is that it is a dynamic assessment of ventricular function. Dobutamine echocardiography has also been
studied and found to have among the best predictive values. It is
generally accepted that the group at risk is composed of those who
demonstrate regional wall motion abnormalities at low heart rates.
Several groups have published meta-analyses of preoperative
diagnostic tests. One group of investigators demonstrated good
predictive values using ambulatory ECG monitoring, radionuclide
angiography, dipyridamole thallium imaging, or dobutamine stress
echocardiography.36 Shaw et al.37 also demonstrated good predictive values of dipyridamole thallium imaging and dobutamine
stress echocardiography. Both of these studies demonstrated the
superior value of dobutamine stress echocardiography; however,
there was signiicant overlap of the conidence intervals with other
tests. The most important determinant with respect to the choice of
preoperative testing is the expertise of the local institution.
Current recommendations are that patients with active cardiac
conditions such as unstable angina, congestive heart failure, signiicant dysrhythmias, and severe valvular disease should undergo noninvasive stress testing before noncardiac surgery. Noninvasive stress
testing for patients with multiple clinical risk factors and poor func-

Both echocardiography and radionuclide angiography can assess
cardiac ejection fraction at rest and under stress. Echocardiography
is less invasive and able to assess regional wall motion abnormalities,
wall thickness, valvular function, and valve area. Pulse-wave Doppler can be used to determine the velocity time integral. Ejection
fraction can then be calculated by determining the cross-sectional
area of the ventricle. Conlicting results exist with regard to the predictive value of ejection fraction using either echocardiographic or
radionuclide measurements. It is reasonable for those with dyspnea
of unknown origin and for those with current or prior heart failure with worsening dyspnea or other change in clinical status to
have preoperative evaluations of left ventricular function. The beneits of reassessment of left ventricular function in clinically stable
patients with previous cardiomyopathy are unknown.32 Echocardiography can provide important information regarding valvular
function, which may have important implications for either cardiac
or noncardiac surgery, and is discussed more fully later in this text.
Aortic stenosis has been associated with a poor prognosis in noncardiac surgical patients, and knowledge of valvular lesions may
modify perioperative hemodynamic therapy.11

Coronary Angiography
Coronary angiography is currently the best method for deining
coronary anatomy. In addition, information regarding ventricular
and valvular function can also be assessed. Hemodynamic indices
can be determined such as ventricular pressures and pressure gradients across valves. This information is routinely available in patients
scheduled for CABG. Narrowing of the left main coronary artery
and certain other lesions may be associated with a greater perioperative risk. Diffuse atherosclerosis in small vessels, as seen in diabetics,
may lead to incomplete revascularization and a risk of developing
ischemia despite CABG. Coronary angiography is used by cardiologists to determine whether coronary vascularization is an option.
Unlike the exercise or pharmacologic stress tests discussed
earlier, coronary angiography provides anatomic, not functional,
information. Although a critical coronary stenosis delineates an
area of risk for developing myocardial ischemia, the functional
response of that ischemia cannot be assessed by angiography
alone. A critical stenosis may or may not be the underlying cause
for a perioperative MI that occurs. In the ambulatory population,
many infarctions are the result of acute thrombosis of a noncritical stenosis. Therefore, the value of routine angiography prior to
noncardiac surgery depends on the identiication of lesions that
will cause morbidity and mortality.
Patients with restricted physical activity in whom functional
capacity is dificult to determine may beneit from sophisticated
imaging techniques such as cardiac computed tomography.38

Perioperative Coronary Interventions
Guidelines to reduce the perioperative risk of noncardiac surgery
have recently been reviewed. There are several large studies that
suggest that in patients who survive CABG, the risk of subsequent
noncardiac surgery is low.7,10 Although there is little data to support the notion of coronary revascularization solely for the purpose of improving perioperative outcome, it is true that for some
patients scheduled for high-risk surgery, long-term survival may

be enhanced by revascularization. Two studies used the Coronary
Artery Surgery Study database and found that CABG signiicantly
improved survival in those patients with both peripheral vascular disease and triple-vessel coronary disease, especially the group
with depressed ventricular function.39 After reviewing all available data, most clinicians believe the indication for CABG prior
to noncardiac surgery remains the same as in other settings and is
independent of the proposed noncardiac surgery.
The value of percutaneous transluminal coronary angioplasty
is less well established. The current evidence does not support the
use of percutaneous transluminal coronary angioplasty beyond
established indications for nonoperative patients.

Patients with Coronary Artery Stents
Early surgery after coronary stent placement has been associated
with adverse cardiac events. A signiicant incidence of perioperative death and of hemorrhage in patients after stent placement has
been reported. The waiting period for surgery after bare metal stent

Step 1

Need for emergency
noncardiac sugery?

placement is generally recognized as 1 month as a minimum, while
the waiting period for drug-eluting stents is 12 months. This difference is because the incidence of stent thrombosis for the drugeluting stents has been found to be similar to the bare metal stents
in the early phase after placement, but less well deined over a longer
period of time. Currently, patients are invariably taking aspirin and
clopidogrel as antiplatelet therapy after stent placement. A thienopyridine (ticlopidine or clopidogrel) is generally continued with
aspirin for 1 month after bare metal stenting and for 12 months
after drug-eluting stent placement (Fig. 22-3). Perioperative management weighs the risk of bleeding versus a stent thrombosis. The
decision must involve anesthesiologist, surgeons, cardiologists,
and intensivists. For those patients who have a high risk for stent
thrombosis, many advocate that at least aspirin be continued in
the perioperative period. Also, the anesthesiologist must weigh the
risk of regional versus general anesthesia when these patients are
taking antiplatelet therapy. Surgery in patients with recent stent
placement should probably only be considered in centers where
24-hour interventional cardiologists are available.40–42
Perioperative surveillance
and postoperative risk
stratification and risk factor
management

Operating room
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( Class I , LOE C)

No

Step 2
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Y es
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Active cardiac
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Consider
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‡
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Figure 22-3. Cardiac evaluation algorithm for patients at least 50 years with cardiac risk factors undergoing non-cardiac surgery. || Clinical risk
factors include ischemic heart disease, diabetes mellitus, cerebrovascular disease, renal insufficiency, compensated or history of congestive heart
failure. AHA: American Heart Association; ACC: American College of Cardiology; HR; heart rate; LOE, level of evidence; MET: metabolic equivalent.
(Used with permission from ACC/AHA 2007 Guidelines on Perioperative Cardiovascular Evaluation and Care for Noncardiac Surgery. Circulation
2007;116:e418–e500.
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Patients with Cardiovascular Implantable
Electronic Devices
With the increasing prevalence of patients treated with pacemakers and implantable deibrillators, the preoperative evaluation
must address their management during the perioperative period.
The function of these devices can be impaired by electromagnetic
interference during surgery. Current guidelines for the management of these devices have been recently published.43

Pulmonary Disease
Pulmonary complications occur more frequently than cardiac complications, with an incidence of 5% to 10% in those having major
noncardiac procedures. Perioperative pulmonary complications
include aspiration, atelectasis, pneumonia, bronchitis, bronchospasm, hypoxemia, exacerbation of chronic obstructive pulmonary
disease, and respiratory failure requiring mechanical ventilation.44
Postoperative respiratory failure is a major cause of morbidity
and mortality, contributing to increased length of hospital stay and
substantial economic cost. The risk of mortality with the development of respiratory failure is substantial, similar to perioperative
MI. Understanding of clinical risk factors has increased substantially through the use of epidemiologic analyses of large clinical
databases. Recent epidemiologic studies support that preoperative covariates can be used in models to predict patient groups at
increased risk for respiratory failure.44,45 Clinical guidelines from
the American College of Physicians have been developed to assess
both the preoperative risk and prevention strategies to limit the
risk of respiratory failure.46 Preoperative testing, such as pulmonary function testing and chest x-rays, is not recommended on
a routine basis, as it appears to have limited beneit in predicting
perioperative respiratory failure and complication rate. Although
preoperative chest x-rays can identify structural lung abnormalities, these are not frequently associated with signiicant changes in
clinical management for the general population. In contrast, laboratory studies identifying a reduction in serum albumin levels and
increased levels of blood urea nitrogen (BUN) appear associated
with an increased risk of perioperative pulmonary morbidity.44
Epidemiologic studies signiicantly support the relationship of
the anatomic location of the surgery and pulmonary risk.44 With
regard to the surgical site, thoracic, open aortic, or upper abdominal
surgery has been associated with the highest risk for postoperative

pulmonary problems. Risk increases as the incision approaches
the diaphragm.44,47–49 Decreases in postoperative vital capacity,
functional residual capacity, as well as diaphragmatic dysfunction
can contribute to hypoxemia and atelectasis.50 Functional residual
capacity may take up to 2 weeks to return to baseline. Diaphragmatic dysfunction occurs despite adequate analgesia and is theorized to be caused by phrenic nerve inhibition.51 Neurosurgery
and neck surgery may be associated with perioperative aspiration
pneumonia.
The need for emergency surgery and the need for general anesthesia are also associated with increased risk. Not only can the surgery affect pulmonary function, but general anesthesia also results
in mechanical changes such as a decrease in the functional residual
capacity and altered diaphragmatic motion leading to ventilation/
perfusion abnormalities. General anesthesia also induces negative
changes at the microscopic level causing inhibition of mucociliary clearance, increased alveolar–capillary permeability, inhibition
of surfactant production, increased nitric oxide synthetase, and
increased sensitivity of the pulmonary vasculature to neurohumoral
mediators. Subanesthetic levels of intravenous or volatile agents
have the ability to blunt the ventilatory response to hypoxemia and
hypercarbia. Duration of anesthesia is a well-established risk factor
for postoperative pulmonary complications, with morbidity rates
increasing after 2 to 3 hours.52 However, when considering laparoscopic surgery which is often longer in duration, the associated
decrease in pulmonary complications compared with an open procedure usually outweighs the risk of increased anesthesia time.53
Atelectasis during the intraoperative and postoperative periods can contribute to the risk of perioperative respiratory failure.
The preoperative assessment should address the following therapies: Epidural analgesia during the perioperative period, lung
expansion methods, and deep venous thrombosis prophylaxis.
Intraoperative measures to limit the risk of hospital-acquired
pneumonia have been proposed, largely focused on reducing the
risk of bacterial contamination of the lung during the perioperative period. For high-risk patient groups there are supportive
studies of beneits of preoperative oral antiseptic decontamination before endotracheal intubation as well as the role of specialized endotracheal tubes to decrease the risk of nosocomial
pneumonia.54–56
Preoperative evaluation of patients with preexisting pulmonary disease should include assessment of the type and severity of
disease, as well as its reversibility (Table 22-9).

table 22-9. potential patient-relateD riSk factorS for
poStoperative pulmonary complicationS

Potential Risk Factor

Type of Surgery

Smoking

Coronary bypass
Abdominal
Unselected
Thoracic or abdominal
Unselected
Thoracic or abdominal
Unselected
Thoracic or abdominal
Unselected
Thoracic or abdominal

ASA class > II
Age >70 years
Obesity
COPD

Unadjusted Relative Risk
Associated with Factor

ASA, American Society of Anesthesiologists; COPD, chronic obstructive pulmonary disease.
Adapted from Smetana GW. Preoperative pulmonary evaluation. N Engl J Med. 1999;340:942.

3.4
1.4–4.3
1.7
1.5–3.2
1.9–2.4
0.9–1.9
1.3
0.8–1.7
2.7–3.6
4.7
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Smoking is an important risk factor, but one that usually cannot be inluenced. Even among smokers who have not developed
chronic lung disease, smoking is known to increase carboxyhemoglobin levels, decrease ciliary function, and increase sputum
production, as well as cause stimulation of the cardiovascular
system secondary to nicotine. While cessation of smoking for 2
days can decrease carboxyhemoglobin levels, abolish the nicotine effects, and improve mucous clearance, prospective studies
showed that smoking cessation for at least 4 to 8 weeks was necessary to reduce the rate of postoperative pulmonary complications.57,58 Recent studies of nicotine transdermal patches used
during the perioperative period have shown increased mortality
and are best avoided.59 Patients who smoke often show increased
airway reactivity under general anesthesia, and it may be useful
to administer a bronchodilator such as albuterol preoperatively.

Asthma
Asthma is one of the most common coexisting diseases that confront
the anesthesiologist. During the patient interview it is important to
elicit information regarding inciting factors, severity, reversibility,
and current status. Frequent use of bronchodilators, hospitalizations
for asthma, and requirement for systemic steroids are all indicators
of the severity of the disease. After an acute exacerbation of asthma,
airway hyperreactivity may persist for several weeks.60 In addition
to bronchodilators, perioperative steroids are worth considering as
prophylaxis for the severe asthmatic, for example, hydrocortisone
100 mg intravenously every 8 hours on the day of surgery. The possibility of adrenal insuficiency is also a concern in those patients
who have received more than a “burst and taper” of steroids in the
previous 6 months. This group of patients should be administered
“stress doses” of steroids perioperatively. Kabalin et al.61 found there
was a low complication rate for asthmatics treated with short-term
steroids undergoing surgery. Signiicantly, they found no association with impaired wound healing or infections. For patients using
inhaled steroids, they should be administered regularly, starting at
least 48 hours prior to surgery for optimal effectiveness.

Obstructive Sleep Apnea
OSA is a syndrome deined by periodic obstruction of the upper
airway during sleep, leading to episodic oxygen desaturation and
hypercarbia. This episodic desaturation, in turn, causes episodic
arousal, leading to chronic sleep deprivation with daytime hypersomnolence and even behavioral changes in children. Depending on the frequency and severity of events, it may lead to other
changes such as chronic pulmonary hypertension and right heart
failure. It is estimated to be present in 9% of women and 24% of
men, with the great majority of these being undiagnosed. Factors commonly associated with an increased risk of sleep apnea
include obesity (body mass index >35 kg/m2 or 95th percentile
for age), increased neck circumference, severe tonsillar hypertrophy, and anatomic abnormalities of the upper airway.
Because of their propensity for airway collapse and sleep
deprivation, patients with OSA are especially susceptible to the
respiratory depressant and airway obstructive effects of sedatives,
narcotics, and inhaled anesthetics both intraoperatively and postoperatively. Preoperative identiication of those patients at risk
allows them to undergo a formal sleep study to determine the presence and severity of symptoms and also allows preoperative initiation of continuous positive airway pressure (CPAP). In 2006, the
ASA published practice guidelines for the perioperative management of patients with OSA.62 During the preoperative evaluation,

speciic questions should be directed toward the patient and family regarding the presence of symptoms and signs of OSA:
■
■
■
■
■
■

Does the patient snore loudly enough to be heard through a
door or snore frequently?
Have you observed pauses in the patient’s breathing during sleep?
Does the patient have frequent arousals from sleep or awakenings with a choking sensation?
Does the patient experience frequent daytime somnolence and
fatigue or fall asleep easily in a non-stimulating environment?
Does your child appear restless when sleeping or have dificulty
with breathing?
Is your child overly aggressive or does he/she have trouble
concentrating?

If the patient has predisposing anatomy and/or signs or symptoms in two or more areas, he/she should be referred for a sleep
study. If a sleep study is not possible, the patient should be managed as he/she has OSA. The risk of perioperative complications
in patients with OSA increases with the severity of sleep apnea, the
invasiveness of surgery, and the amount of postoperative opioids
required. There is general consensus that preoperative initiation of
nasal mask CPAP reduces perioperative risk, perhaps by decreasing
the sleep deprivation and secondary hypersomnolence.62 Importantly, OSA is also associated with dificult airway management,
making it even more important to examine previous anesthesia
records and to perform a thorough airway examination. Emergency
airway equipment should be readily available at the surgical center.
There are multiple management decisions to make in coordination with the surgeon with respect to the OSA patient:
■

■

■
■
■
■

Determine whether there are noninvasive ways of performing
the operation that would decrease the need for opioids postoperatively.
Discuss whether it is feasible to perform surgery under neuraxial, regional, or local anesthesia, decreasing the total amount
of anesthesia or opioids needed.
Determine whether nonsteroidal antiinlammatory agents are
acceptable for postoperative analgesia.
Discuss whether outpatient surgery is a safe option.
Determine whether the patient will be able to use CPAP postoperatively.
Determine whether postoperative admission to an intensive
care unit or monitored unit is required for the patient who is a
irst-time user of CPAP.

The ASA practice guidelines for OSA recommend hospitalization after uvulopalatoplasty surgery and after tonsillectomy for
OSA in children younger than 3 years. Postoperative hospitalization is also recommended for those OSA patients with other coexisting diseases. When procedures are performed on an outpatient
basis, prolonged postoperative monitoring should be continued
to ensure that the patient is able to maintain room air saturation
without obstruction when left undisturbed in recovery. Recovery
with the patient’s head and thorax elevated is also recommended
to optimize airway patency. The task force recommends continuous pulse oximetry during hospitalization, as well as supplemental oxygen until the patient can maintain their baseline oxygen
saturation on room air.

Endocrine Disease
Diabetes Mellitus
Diabetes mellitus is the most common endocrinopathy, with the
incidence of type 1 diabetes at 0.4% of the population and type
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2 diabetes affecting approximately 8% to 10% of Americans, but
projected to develop in >30% of Americans born after 2000, largely
because of the rise in obesity.63 Critical illness–induced hyperglycemia, deined as a blood glucose >200 mg/dL in the absence of
known diabetes, occurs frequently, particularly in the elderly.64 Diabetes mellitus has acute and chronic disease manifestations, making it more likely for diabetics to require surgery. The majority of
diabetics develop secondary disease in one or more organ systems,
which must be identiied preoperatively so that an appropriate
plan can be developed for perioperative management. While longterm, close control of glucose may limit some of the microvascular
effects of diabetes (retinopathy, neuropathy, and nephropathy),
macrovascular events such as myocardial ischemia or infarction
or stroke may not be decreased. Diabetics have an increased risk
of CAD, hypertension, congestive heart failure, and perioperative
MI. The 2002 American College of Cardiology/AHA guidelines on
perioperative cardiac assessment of patients undergoing noncardiac surgery place diabetics, especially those receiving insulin, at a
minimum of intermediate risk.65 They also state that most diabetic
patients >65 years of age have signiicant CAD, with the incidence
of silent ischemia increased due to associated diabetic autonomic
neuropathy.
Diabetics are also more likely than the general population to
have cerebral vascular, peripheral vascular, and renal vascular disease. Diabetes mellitus is the leading cause of renal failure requiring dialysis. Peripheral neuropathies and vascular disease make
these patients more susceptible to positioning injuries during
surgery as well as postoperatively. Autonomic neuropathy may
predispose the patient to hemodynamic instability during anesthesia and theoretically increase the risk of pulmonary aspiration
because of the associated gastroparesis. These deicits should be
documented prior to anesthesia and the anesthetic plan adjusted
accordingly. Stiff joint syndrome due to glycosylation of proteins
and abnormal collagen cross-linking may signiicantly affect the
temporomandibular, atlantooccipital, and cervical spine joints
in patients with long-standing type 1 diabetes, resulting in dif1 iculty with intubation. A thorough airway examination should
be performed prior to anesthesia and a high index of suspicion
maintained for a potentially dificult airway. Some suggest using
the “prayer sign” as an evaluation tool: Patients who are unable
to completely oppose their hands (with no space between) should
be suspected of also having changes in other joints potentially
impacting airway manipulation.
Regimens for perioperative glycemic control vary enormously,
not only between type 1 and type 2 diabetics, but also within each
group. Patients with type 1 diabetes have an absolute insulin deiciency usually due to destruction of pancreatic beta cells. These
patients must receive insulin to prevent diabetic ketoacidosis.
Home glucose management most often relies on a combination
of short- and intermediate- or long-acting insulin regimens. Insulin pumps are increasingly common and are used to administer a
continuous subcutaneous infusion of short-acting insulin, supplemented by boluses dictated by glucose levels, diet, and exercise.
Type 2 diabetes accounts for the great majority of diabetics and
is deined by variable degrees of insulin deiciency and resistance.
Although most commonly associated with obesity, it may also be
induced by corticosteroids or pregnancy. Ketoacidosis is uncommon in type 2 diabetes, and the stress of severe infection or illness
is more likely to provoke a nonketotic hyperosmolar state, which
is characterized by severe dehydration, hyperglycemia, and hyperosmolarity. In type 2 diabetics, glucose control is most commonly
achieved with diet, exercise, and/or oral hypoglycemic drugs. These
agents primarily work by increasing endogenous insulin release,
increasing insulin sensitivity, and/or decreasing hepatic gluconeogenesis. These drugs fall under the main categories of sulfonylureas,

biguanides, thiazolidinediones, and meglitinides. If glycemic control is unsuccessful, then insulin is generally added to the regimen.
Ideally, both type 1 and 2 diabetic patients should be evaluated
by the preoperative clinic as well as the patient’s endocrinologist 1
to 2 weeks before elective surgery. In addition to a thorough history and physical examination, a judicious laboratory investigation
should include determination of blood glucose, hemoglobin A1c,
serum electrolytes, creatinine, and an ECG. If the patient’s glycemic
control is inadequate based on a hemoglobin A1c being outside of
the target range (7% to 9% for <5 years old; 6% to 8% for >5 years
old), abnormal electrolytes, or ketonuria, then elective surgery
should be delayed to allow optimization of preoperative glycemic
control. Administration of perioperative beta-blockers should be
considered in diabetic patients with CAD in an attempt to limit
perioperative myocardial ischemia, as there is no evidence of worsened glucose intolerance or masking of hypoglycemic symptoms.
However, the physician should be attentive to the possibility of precipitating heart failure.

Perioperative Glucose Management
Anesthesia and surgery interrupt the regular meal schedule
and insulin administration in patients with diabetes mellitus.
Perioperative stress may increase serum glucose concentrations
secondary to the release of cortisol and catecholamines. The
majority of available literature suggests that better glycemic control may limit morbidity (length of hospital/intensive care unit
stay, infection rate, wound healing, outcomes after strokes/MIs)
and mortality particularly in cardiac surgery patients, carotid
endarterectomy patients, and the critically ill.64,66–68 Although a
randomized trial found an increase in the incidence of death
and perioperative stroke in cardiac surgery patients where an
attempt was made to maintain the glucose between 80 and 100
mg/dL,69 recent systematic reviews have found a reduction in
morbidity and mortality associated with better glycemic control, but recognize the increased risk of hypoglycemia.70 More
studies are needed to more closely deine the target level for glucose control. There is general consensus that an attempt should
be made to control the upper limit of glucose to <200 mg/dL,
although some will argue that tighter control is warranted.
Guidelines for ambulatory and hospitalized patients have been
recently published.71,72 The following recommendations can
serve as a general guide:
■
■

■

■
■
■

■

Plan with the surgeon to schedule the surgery as the irst case of
the day to prevent prolonged fasting.
As a general rule, oral hypoglycemic agents are held on the day
of surgery to avoid reactive hypoglycemia until oral intake is
restarted.
Insulin therapy should balance adequate glucose control with
the avoidance of hypoglycemia. Insulin is usually continued
through the evening before surgery.
Schedule the patient to arrive in the early morning with an
empty stomach and check blood glucose on arrival.
If patients develop symptoms of or measurable hypoglycemia,
they should be counseled to take a glucose tablet or clear juice.
Type 1 diabetics should be continued on basal insulin administration even during preoperative fasting to prevent ketoacidosis.
Administer half the usual morning dose of intermediate- or
long-acting insulin after arrival to the surgery center where a
maintenance IV can be started. Hold the usual dose of rapidor short-acting insulin.
Use the patient’s own sliding scale to administer short-acting
insulin subcutaneously prior to the scheduled surgery and during short operations.

■

Patients on insulin pumps may be managed by continuing the
pump for short operations or changing over to an intravenous
insulin infusion for moderate or major operations.

This strategy, along with blood glucose determinations every 1
to 2 hours, may be all that is necessary for well-controlled diabetics undergoing short, noninvasive outpatient operations. In addition, it is important to prevent postoperative nausea and vomiting
and to encourage the early resumption of diet, allowing return to
their previous insulin regimen. For type 1 or 2 diabetics undergoing moderate or major surgery, insulin is generally administered
in the form of an intravenous infusion of regular insulin. Discontinuing the patient’s own insulin pump will avoid problems with
insulin preparations and pump technology.
There are several methods of administering an insulin infusion, none of which has proved superior. Concurrent separate
infusions of insulin and glucose are more easily adjusted and may
provide better glycemic control than combined glucose/insulin/
potassium infusions. To increase the safety, the insulin infusion
(which is on a separate pump) is added via a side port to the
same line delivering the glucose infusion. A separate nonglucose
isotonic solution should be used to replace deicits and intraoperative luid losses. All protocols rely on the frequent determination of a plasma glucose level at least every 1 to 2 hours to allow
titration of insulin.73–75

Thyroid and Parathyroid Diseases
Thyroid and parathyroid diseases have clinical manifestations
that are important to the preoperative evaluation (Table 22-10).
Although thyroid function tests are more sensitive, thyroid disease
is usually adequately evaluated by clinical history, and the evaluation should focus on evaluating for signs and symptoms of hypothyroidism and hyperthyroidism. Hypothyroidism can lead to the
development of hypothermia, hypoglycemia, hypoventilation, and
hyponatremia, as well as a susceptibility to depressant drugs. Anesthesiologists should be alert to the possibility of the hypermetabolic
state of thyroid storm in patients with hyperthyroidism. A large
thyroid mass may distort the upper airway, producing inspiratory
stridor or wheezing, especially evident in the supine position. In
these cases, a chest x-ray should be obtained looking for evidence
of tracheal deviation or narrowing. A computed tomography scan
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of the upper airway and trachea will provide better detail of any
airway compromise. Patients with hyperparathyroidism often have
hypercalcemia, indicating the need for preoperative determination
of a serum calcium level.

Adrenal Disorders
Classic indings in the patient with a pheochromocytoma include
intermittent hypertension, headache, diaphoresis, and tachycardia.
Patients with other endocrine tumors have a higher incidence of
multiple endocrine neoplasia syndrome, and pheochromocytoma
should be ruled out as the cause of unexplained hypertension.
Over time, the mortality for surgical resection of a pheochromocytoma has decreased because of improvements in perioperative
therapy for patients with the syndrome. A more important issue is
to identify patients with a possible pheochromocytoma preoperatively before they are scheduled for other types of surgery.
Adrenal–cortical suppression is a more common disorder
in patients presenting for surgery, and one should have a high
index of suspicion in those patients taking long-term corticosteroids. Cushing syndrome is the most obvious manifestation of
long-term high-dose steroid treatment, and the hallmark symptoms include moon facies, striations of the skin, truncal obesity,
hypertension, easy bruisability, and hypovolemia. Preoperative
preparation for patients with adrenal suppression includes correction of any luid and electrolyte abnormalities, as well as steroid supplementation.
There is consensus that for patients taking corticosteroids
for long periods, perioperative steroid supplementation is indicated to cover the stresses of anesthesia and surgery; however, in
patients who have had only a short course of steroids within the
12 months prior to surgery, the use of steroid supplementation is
controversial. It is impossible to identify the speciic duration of
therapy or dose of steroids that produces pituitary and adrenal
suppression. Marked variability among patients exists. Certainly,
more suppression may be expected with a higher dose and a longer duration of therapy. A conservative estimate is to consider
treatment in any patient who has received corticosteroid therapy
for at least 1 month in the past 6 to 12 months. The dose and
duration of supplemental steroid administration depend on an
estimate of the stress of the surgical procedure in the perioperative period. One regimen is to administer 25 mg of cortisol

table 22-10. clinical manifeStationS of tHyroiD anD paratHyroiD DiSeaSeS
Hyperthyroidism

Hypothyroidism

Hyperparathyroidism

Weight loss; heat intolerance; warm,
moist skin
Tachycardia, atrial ibrillation,
congestive heart failure

Cold intolerance

Weight loss, polydipsia
Hypertension, heart block

Musculoskeletal

Nervousness, tremor, hyperactive
relexes
Muscle weakness, bone resorption

Bradycardia, congestive heart failure,
cardiomegaly, pericardial or pleural
effusion
Slow mental function, minimal
relexes
Large tongue, amyloidosis

Gastrointestinal

Diarrhea

Delayed gastric emptying

Hematologic
Renal

Anemia, thrombocytopenia

General
Cardiovascular

Neurologic

Impaired free water clearance

Adapted from Roizen MF. Anesthesia for the patient with endocrine disease, part 1. Curr Rev Clin Anesth. 1987;6:43.

Weakness, lethargy, headache,
insomnia, apathy, depression
Bone pains, arthritis, pathologic
fractures
Anorexia, nausea, vomiting,
constipation, epigastric pain
Polyuria, hematuria
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table 22-11. perioperative corticoSteroiD coverage
For minor surgery

For moderate
surgery

For major surgery

The patient should take 1.5–2 times his/her usual prednisone dosage on the morning of surgery. The following
day the patient should take his/her normal prednisone dose (or parenteral equivalent if gut cannot be used).
The surgeon and anesthesiologist should be aware that the patient is glucocorticoid-dependent and should be
prepared to administer more “steroids” if the surgery becomes prolonged or more extensive.
The patient should be given 2 times his/her usual glucocorticoid dosage orally (if possible) on the morning
of surgery and/or 25 mg hydrocortisone IV before the operation, then 75 mg hydrocortisone IV during the
operation, and 50 mg hydrocortisone IV after the operation; then the dose should be rapidly tapered over 48 h
to the usual dose—if the postoperative course is uncomplicated.
The patient should be given 2 times his/her usual glucocorticoid dosage orally (if possible) on the morning of
surgery and/or 50 mg hydrocortisone IV before the operation, then 100 mg hydrocortisone IV during the
operation. After the operation, 100 mg IV q8h × 24 h should be administered and then rapidly tapered (over
48–72 h) to the patient’s usual glucocorticoid dosage—if the postoperative course is uncomplicated.

IV, intravenously.
Adapted from Brussel T, Chernow B. Perioperative management of endocrine problems: Thyroid, adrenal cortex, pituitary. Am Soc Anesthesiol. 1990;3:48.

preoperatively and then give an intravenous infusion of 100 mg of
cortisol over the next 12 to 24 hours for adult patients. Another
method is to administer 100 mg of hydrocortisone intravenously
before, during, and after surgery. This dose is meant to equal the
estimated maximum amount of steroid that the adrenal glands
could produce during stress in a 24-hour period. When considering whether to administer steroids the anesthesiologist should
keep in mind that the risk–beneit ratio is usually very small
(Table 22-11).

Other Organ Systems

Preoperative laboratory
testing
Defining Normal Values
In attempting to determine the optimal choice of preoperative
tests, it is important to understand the interpretation of the
results. Ideally, tests would either conirm or exclude the presence of a disease; however, most tests only increase or decrease
the probability of disease. In determining reference ranges for
diagnostic tests, values that fall outside the 95% conidence intervals for normal individuals are considered abnormal. Therefore,
up to 5% of normal individuals can have “abnormal” test results.
To determine its clinical relevance, a test must be interpreted
within the context of the clinical situation. Performing tests in
patients with no risk for having the pathophysiologic process
of interest can yield a high number of false-positive results. For
example, a low potassium value (3.0 mg/dL) in an otherwise
healthy individual is most likely a normal result. Interpreting this
test as abnormal, and initiating treatment, could lead to harm
without any beneit.

Renal disease has important implications for luid and electrolyte management, as well as metabolism of drugs. In those
patients with renal failure, the timing of their most recent dialysis will determine whether they are hyper- or hypovolemic and
hyper- or hypokalemic. There will be patients who will require
dialysis before coming for surgery. Because renal failure is also
associated with anemia and qualitatively deicient platelets, there
should be a lower threshold for determining these lab results preoperatively.
Liver disease is associated with altered protein binding and
volume of distribution of drugs, as well as coagulation abnormalRisks and Costs versus Benefits
ities. Coagulation disorders may discourage the choice of regional
anesthesia. The anesthesiologist should inquire about bruising, bleeding, and the use of medications that inluence platelet 8 The ASA Statement on Routine Preoperative Laboratory and
Diagnostic Screening (2008) states that preoperative tests, as a
function such as nonsteroidal antiinlammatory drugs and anticomponent of the preanesthesia evaluation, may be indicated for
coagulants. End-stage liver disease may also lead to esophageal
various purposes, including but not limited to (1) discovery or
varices, important information that allows the anesthesiologist
identiication of a disease or disorder which may affect perioperato potentially avoid esophageal instrumentation. Ascites, a more
tive anesthetic care, (2) veriication or assessment of an already
obvious physical inding of liver failure, may signiicantly affect
known disease, disorder, and medical or alternative therapy
the patient’s respiratory mechanics and make it dificult for them
which may affect perioperative anesthetic care, and (3) formulato lie lat.
tion of speciic plans and alternatives for perioperative anesthetic
Arthritis is becoming more prevalent in our aging population
care. No routine laboratory or diagnostic screening test is neccombined with our sedentary lifestyle. Osteoarthritis may result
essary for the preanesthetic evaluation of patients. Appropriate
in dificulty positioning the head to facilitate tracheal intubation
indications for ordering tests include the identiication of speciic
or dificulty in positioning for regional anesthesia. Rheumatoid
clinical indicators or risk factors (e.g., age, preexisting disease,
arthritis is a multisystem disease, potentially leading to other
magnitude of the surgical procedure).
derangements such as restrictive lung disease, pleural effusions,
The use of medical testing is associated with signiicant cost,
pericarditis, anemia, and atlantooccipital instability.
both in real dollars and in potential harm. Routine preoperative
Finally, the anesthesiologist should inquire about infectious
testing has been estimated to cost $3 billion annually. An “abnordiseases that will dictate the need for increased protective meamal” test that is later determined to be a false result can lead to
sures for OR personnel and equipment.

signiicant cost and real harm. For example, a positive exercise
electrocardiographic stress test in a healthy 40-year-old woman
may lead to coronary angiography. Coronary angiography is not a
benign procedure and can lead to vascular injuries. On the basis of
Bayesian analysis, a positive test result in this patient is most likely
a false positive, and the test was inappropriately used. Therefore,
the woman and her physician would gain no additional information, thousands of dollars in medical costs would accrue, and she
may sustain morbidity.
Several studies have evaluated the implications of reduced
testing. Golub et al.76 retrospectively reviewed the records of 325
patients who had undergone preadmission testing prior to ambulatory surgery. Of these, 272 (84%) had at least one abnormal
screening test result, while only 28 surgeries were delayed or canceled. The authors estimated that only three patients potentially
beneited from preadmission testing, including a new diagnosis
of diabetes in one and nonspeciic ECG changes in two, one of
whom had known ischemic heart disease.
In a study published in 1991, Narr et al.77 at the Mayo Clinic
demonstrated minimal beneits from routine testing and proposed that routine laboratory screening tests were not required
in healthy patients. In a follow-up study published in 1997, a
cohort of patients who had no preoperative testing during 1994
was reviewed and found to include no deaths or major perioperative morbidity.78 The authors concluded that current anesthetic
and medical practices rapidly identify indications for laboratory
evaluation when necessary, and therefore routine testing was not
indicated in this healthy cohort.
Even if testing better deines a disease state, the risks of any
intervention based on the results may outweigh the beneit. Cardiovascular testing is a classic example. If a noninvasive test is
positive, coronary angiography may be performed. A positive
angiogram may then result in CABG prior to the planned noncardiac surgery. Although cardiovascular morbidity and mortality may be reduced in patients with signiicant CAD who have
undergone coronary revascularization, the morbidity associated
with both the testing and the revascularization procedure may be
greater than any potential beneit. Roizen and Cohn79 have suggested a protocol for screening tests based on the preoperative
evaluation and proposed procedure using a risk–beneit analysis.
The following protocol for laboratory testing is modiied from
their recommendations and the 2002 “ASA Practice Advisory
for Preanesthetic Evaluation” (class C procedures are deined as
highly invasive and commonly necessitate blood administration,
invasive monitoring, and postoperative care in a critical care
unit):

Recommended Laboratory Testing
Blood Count
Neonates
Physiologic age ≥75 years
Malignancy
Renal disease
Anticoagulant use
Bleeding/hematologic disorder
Class C procedure
Coagulation Studies
Chemotherapy
Hepatic disease
Bleeding disorder
Anticoagulants
Electrolytes
Renal disease
Diabetes
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Diuretic, digoxin, or steroid use
CNS disease
Endocrine disorders
Blood Urea Nitrogen/Creatinine
Physiologic age ≥75 years
Cardiovascular disease
Renal disease
Diabetes
Diuretic or digoxin use
CNS disease
Class C procedure
Blood Glucose
Physiologic age ≥75 years
Diabetes
Steroid use
CNS disease
Class C procedure
Liver Function Tests
Hepatic disease
Hepatitis exposure
Malnutrition
Chest X-Ray
Cardiovascular disease
Chronic obstructive pulmonary disease (COPD)
Malignancy
ECG
Physiologic age ≥75 years
Cardiovascular disease
Pulmonary disease
Diabetes
Digoxin use
CNS disease
Class C procedure
Pregnancy Test
Possible pregnancy
Albumin
Physiologic age ≥75 years
Malnutrition
Class C procedure
Type and Screen
Physiologic age ≥75 years
Hematologic disorder
Coagulation abnormality
Class C procedure

Complete Blood Count and
Hemoglobin Concentration
A preoperative hemoglobin value has been suggested as the only
test necessary in many patients prior to elective surgery; however, even this minimal standard has been questioned. Baron
et al.80 reviewed the records of 1,863 pediatric patients scheduled
for elective outpatient procedures. In only 1.1% of patients was
the hematocrit abnormal, and in none of these patients was the
procedure canceled or the anesthetic plan modiied. However, a
baseline hematocrit is still indicated in any procedure with a risk
of blood loss.
The standard regarding the lowest acceptable perioperative
hematocrit and indication for a preoperative transfusion has
changed during the past decade. The current recommendations
of the National Blood Resource Education Committee are that
a hemoglobin level of 7 g/dL is acceptable in patients without
systemic disease. In patients with systemic disease, signs of inadequate systemic oxygen delivery (tachycardia, tachypnea) are an
indication for transfusion.
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Electrolytes, BUN/Creatinine

Pulmonary Function Tests

In the past, patients routinely received a chemistry panel prior
to surgery. Because of technology issues, it may be cheaper to
obtain a standard battery than to determine one particular test.
However, testing rarely leads to any change in perioperative
management.
There are numerous guidelines regarding the need for preoperative electrolytes. The only consensus is the lack of routine testing in asymptomatic adults, although a creatinine and glucose has
been recommended in older patients. In patients with systemic
diseases or on medications that affect the kidneys, electrolytes,
BUN, and creatinine evaluation are indicated.

Consensus guidelines do not support routine use of pulmonary
function studies to predict perioperative respiratory complications. Pulmonary function tests can be generally divided into
two categories, spirometry and arterial blood gas. Spirometry
can provide information on forced vital capacity (FVC), forced
expiratory volume in 1 second (FEV1), ratio of FEV1/FVC, and
average forced expiratory low from 25% to 75% (FEF 25–75%).
Although each of these measures has a sound physiologic basis,
their practical assessment can vary greatly among healthy persons, and the tests rarely provide additional information beyond
that obtained from history. For those patients considered for pulmonary resection, evaluation using spirometry, diffusion capacity measurements, radionucleotide lung perfusion scanning,
and cardiopulmonary exercise testing may help to deine those
patients at high risk.83
With the availability of the pulse oximeter, the use of preoperative arterial blood gas sampling has become less important.
It may still be indicated, since determining the baseline CO2 is
useful in managing postoperative ventilation settings and resting
hypercapnia is associated with increased perioperative risk. One
method of assessing the probability of CO2 retention is evaluation
of the serum bicarbonate. A normal serum bicarbonate will virtually exclude the diagnosis of chronic CO2 retention.

Coagulation Studies
Coagulation disorders can have signiicant impact on the surgical procedure and perioperative management. In patients with
hemophilia or von Willebrand disease, abnormal laboratory
studies even in the absence of clinical abnormalities require preoperative preparation of the patient. A prothrombin and partial thromboplastin time analysis is indicated in patients with a
past history of prolonged bleeding following injuries or surgical
procedures, as well as in patients with known or suspected liver
disease, malabsorption, or malnutrition, and patients taking
certain medications such as antibiotics and chemotherapeutic
agents.

Pregnancy Testing
Routine pregnancy testing in women of childbearing potential is a
subject of considerable debate. The rationale is that speciic agents
may be avoided, or surgery may be delayed. Information regarding
the last menstrual period can help deine the potential, but does
not eliminate the possibility. A number of studies have evaluated
the validity of history as a means of assessing pregnancy status in
adolescents with conlicting results. Current practice varies dramatically among centers and among anesthesiologists and may be
a function of the population served.

Chest X-rays

summary oF the preoperative
evaluation
There are multiple factors that are associated with increased perioperative risk, as discussed within this chapter. Clinical judgment
is necessary and requires addressing the following fundamental
questions:
1. Are the risk factors modiiable?
2. Will delaying the procedure add to perioperative risk or
patient morbidity?
3. What interventions during the preoperative period can be
implemented to reduce risk?
4. Has the patient been provided information regarding risk in
order to make an informed decision?

A preoperative chest x-ray can identify abnormalities that may
lead to either delay or cancellation of the planned surgical proceAn effective preoperative evaluation will address these condure or modiication of perioperative care. For example, identiicerns and recommend therapeutic interventions to limit risk.
cation of pneumonia, pulmonary edema, pulmonary nodules, or
Finally, the anesthesiologist can play an important role in
a mediastinal mass could all lead to modiication of care. Howreducing inappropriate utilization of medical technology and
ever, again, routine testing in the population without risk factors
in helping to coordinate the patient’s care among the multiple
can lead to more harm than beneit. Roizen and Cohn79 have
physician specialties often required for patients with complex
demonstrated substantial harm from additional procedures based
illnesses who require surgery.
on an abnormal routine preoperative chest x-ray.
The American College of Physicians suggests that a chest
x-ray is indicated in the presence of active chest disease or an
preparation For anesthesia
intrathoracic procedure, but not on the basis of advanced age 9
alone.81 In a meta-analysis, Archer et al.82 reviewed the published reports from 1966 to 1992 in the English, French, and
Continuing Current Medications/
Spanish literature. Twenty-one reports were identiied with sufTreatment of Coexisting Diseases
icient data to evaluate the use of testing. On average, abnormalities were reported in 10% of routine preoperative chest x-rays,
It is the responsibility of the anesthesiologist to instruct patients
of which only 1.3% were unexpected. These indings result in
regarding which medications to take and which to hold preoperamodiication in management in only 0.1% of patients, with
tively. Occasionally, new medications will be prescribed or doses
unknown inluence on outcome. The authors estimated that
increased, such as steroids for adrenal insuficiency. Prescribed
each inding that inluenced management would cost $23,000,
and over-the-counter mediations may affect the anesthetic, and
concluding that routine chest x-rays without a clinical indicaanesthesiologists must be knowledgeable about their actions. As a
tion were not justiied.

general rule, patients may take their prescription medications with
water on the day of surgery. Exceptions exist, particularly for the
management of diabetes. See the section on Diabetes, Preoperative
glucose management.

Beta-blockers
The role of beta-blockers during the perioperative period has
evolved over the past decade based on clinical studies evaluating
both effectiveness and the potential for risk. Historically, betablockers in this setting have been felt to reduce the incidence of
mortality and nonfatal MI after surgery.84 Current guidelines have
recommended that beta-blockers be continued in those receiving
beta-blockers to treat angina pectoris, symptomatic arrhythmias,
and hypertension. Recent clinical studies, however, appear to
support that decision for perioperative beta-blocker requires clinical judgment in evaluating the patient’s risk factors for cardiovascular complications together with the type of surgery. The POISE
trial, a large, multicenter, randomized controlled trial, compared
preoperative beta-blocker therapy with placebo.85 Patients receiving beta-blocker therapy had a lower risk of perioperative MI, but
were at signiicantly increased risk for mortality and stroke. As
potential mechanisms for the enhanced risk, perioperative hypotension and bradycardia were signiicantly increased in patients
receiving beta-blocker. A meta-analysis evaluating perioperative
beta-blockade in noncardiac surgery in 33 randomized, controlled trials with 12,306 patients found no difference in overall
mortality, but decreased risk of perioperative MI.86 Similar to the
POISE trial, the risk of nonfatal stroke was increased with betablockade. Recognizing the previous referenced studies and others addressing the beneits and risks of perioperative beta-blocker
therapy, national guidelines from the American College of Cardiology Foundation/American Heart Association (ACCF/AHA)
have been updated.87 The guidelines support, as a class I recommendation, the perioperative continuation of beta-blockers for
patients receiving beta-blocker for appropriate conditions. They
support the role for beta-blocker therapy titrated to heart rate and
blood pressure for patients undergoing vascular procedures or
intermediate-risk surgeries with CAD, cardiac ischemia identiied
by preoperative testing, or more than one high risk factor. The
latter includes coronary heart disease, diabetes mellitus congestive heart failure, cerebrovascular disease, or renal insuficiency.
Importantly, the ACCF/AHA guidelines stress the uncertainty for
the role of beta-blockade for vascular or intermediate-risk surgery in patients with only one risk factor without ischemic heart
disease or in patients without risk factors who have not taken
beta-blocker therapy previously. On the basis of the results of the
POISE trial, there appears increased potential for perioperative
risk associated with ixed, high-dose beta-blocker therapy begun
on the day of surgery. Perioperative titration of beta-blockade
appears to offer a role in the reduction of risk for perioperative
MI, but the optimal heart rate remains controversial.

Statins
Studies have shown that statins can reduce cardiovascular morbidity and mortality, have a lipid-lowering effect, enhance nitricoxide–mediated pathways, reduce vascular inlammation, and
have direct cardioprotective effects. There is a small risk of rhabdomyolysis with statin therapy.
Some have recommended these medications be given in the
perioperative period for patients with coronary heart disease.
Current guidelines recommend continuing statin therapy in the
perioperative period for those already taking the medication.
More studies are needed in regard to initiating statin therapy
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preoperatively in other patients. There is some evidence that
this class of drugs may have beneit in those undergoing vascular
surgery and in those with one clinical risk factor for myocardial
ischemia about to undergo an intermediate-risk surgical procedure. If indeed statin therapy is effective preoperatively, the dose,
timing of initiation of therapy, and length of therapy are yet to be
determined.88,89

Prevention of Perioperative
Pulmonary Aspiration
Many patients who present for anesthesia are considered to have
an increased risk for aspiration. Extrapolating results from a study
in monkeys led to the statement in 1974 that patients who had a
25 mL residual gastric volume of pH <2.5 were at risk. Using these
guidelines in humans, some have estimated that 40% to 80% of
patients scheduled for elective surgery may be at risk.90,91 However, today, clinically signiicant pulmonary aspiration is very
rare in healthy patients undergoing general anesthesia, quoted as
occurring in 1 in 3,000 to 1 in 6,000 anesthetics. This increases to
1 in 600 for emergency anesthesia. Data presented on aspiration
from the Australian Anaesthetic Incident Monitoring Study92
found 133 cases of aspiration in 5,000 incidents reported. They
rated the top 10 patient risk factors as shown in Table 22-12,
although almost 25% of the patients had no risk factors. Errors
in judgment, fault in airway management technique, and inadequate patient preparation were felt to be the most common factors contributing to the events.

ASA Fasting Guidelines
The ASA in 2011 published updated Practice Guidelines for
Preoperative Fasting and Pharmacologic Intervention for the
Prevention of Perioperative Aspiration.93 The guidelines speciically deal with healthy patients of all ages scheduled for elective procedures where general anesthesia, regional anesthesia,
or sedation will be administered. The purpose of the guidelines
is to not only avoid prolonged fasting leading to dehydration,
hypoglycemia, and patient dissatisfaction, but also avoid delaying procedures and potentially increasing the risk of pulmonary
aspiration.

table 22-12. top 10 factorS preDiSpoSing
to aSpiration
1
2
3
4
5
6
7
8
9
10

Emergency surgery
Inadequate anesthesia
Abdominal pathology
Obesity
Opioid medication
Neurologic deicit
Lithotomy
Dificult intubation/airway
Relux
Hiatal hernia

Adapted from Kluger MT, Short TG. Aspiration during anaesthesia: A review of
133 cases from the Australian Anaesthetic Incident Monitoring Study (AIMS).
Anaesthesia. 1999;54:19–26.

PREANESTHETIC EVALUATION
AND PREPARATION

CHAPTER 22 Preoperative Patient Assessment and Management

602

SECTION V Preanesthetic Evaluation and Preparation

Recommendations for Clear Liquids:
At Least 2 Hours
The primary support for the task force recommendations comes
from a meta-analysis of randomized controlled trials comparing fasting times for clear liquids of 2 to 4 hours versus more
than 4 hours. Adult patients fasting for 2 to 4 hours had smaller
gastric volumes and higher gastric pH values compared to those
fasting more than 4 hours. The differences in gastric volumes
were equivocal in children. Therefore, the task force recommendations are unchanged for healthy patients. Examples of
clear liquids include, but are not limited to, water, fruit juices
without pulp, carbonated beverages, clear tea, and black coffee (no
alcohol). They wrote that the type of liquid was more important
than the volume.

an effort to reduce the risk of aspiration pneumonitis: Histamine-2 receptor antagonists, proton pump inhibitors (PPIs),
antacids, antiemetics, and gastrokinetic agents. The ASA Task
Force reviewed the literature, as well as surveyed experts and
ASA members to arrive at their 2011 recommendations for
pharmacologic agents to reduce the risk of pulmonary aspiration. They found uniformly that the literature is insuficient to
evaluate or support the effect of administering any of the above
classes of drugs on the perioperative incidence of emesis/relux or
pulmonary aspiration. Therefore, they could not recommend the
routine preoperative use of such drugs for patients who have no
apparent increased risk for pulmonary aspiration.93 However, the
drugs were found to be effective for their intended use and are
more cost effective when prescribed for patients with risk factors for pulmonary aspiration.

Recommendations for Breast Milk:
At Least 4 Hours
The fasting recommendations for breast milk are also unchanged,
as the task force found only equivocal indings regarding gastric
luid volume and pH from observational studies in infants.93

Recommendations for Infant Formula, Nonhuman Milk,
and Solids: At Least 6 Hours
Again, among the observational and randomized control studies,
the task force found no evidence to support any change in the
previous recommendations for at least a 6-hour fast before elective procedures.93 They noted that the amount and type of food
must be considered and recommended at least 8 hours before
elective procedures for fried or fatty food that typically delays
gastric emptying time.
For a summary of the fasting guidelines see Table 22-13.

Pharmacologic Agents to Reduce the
Risk of Pulmonary Aspiration
Many different kinds of drugs have been used to decrease
gastric luid volume and increase the pH of gastric luid in

table 22-13. Summary of faSting
recommenDationS to reDuce
tHe riSk of pulmonary
aSpiration

Ingested Material
Clear liquids
Breast milk
Infant formula
Nonhuman milk

Minimum Fasting Period,
Applied to All Ages (h)
2
4
6
6

This summary applies only to healthy patients who are undergoing elective procedures and are not intended for women in labor. Following the guidelines does
not guarantee complete gastric emptying. Examples of clear liquids are water,
fruit juices without pulp, carbonated beverages, clear tea, and black coffee.
Adapted from Practice guidelines for preoperative fasting and the use of pharmacologic agents to reduce the risk of pulmonary aspiration: Application to healthy
patients undergoing elective procedures: An updated report by the American
Society of Anesthesiologists Committee on Standards and Practice Parameters.
Anesthesiology. 2011;114:495–511.

Histamine-2 Receptor Antagonists
Meta-analyses of randomized, placebo-controlled trials support
the eficacy of the H-2 receptor antagonists cimetidine, ranitidine, and famotidine in reducing gastric volume and acidity.93
They block the ability of histamine to induce secretion of gastric luid with a high hydrogen ion concentration. Multiple-dose
regimens may be more effective in increasing gastric pH than a
single dose before operation on the day of surgery.

cIMETIDINE. Cimetidine is usually administered in 150 to 300 mg
doses orally or parenterally. Administration of 300 mg of cimetidine orally 1 to 1.5 hours before surgery has been shown to increase
the gastric luid pH above 2.5 in 80% of patients.94,95 Cimetidine
can be given intravenously for those unable to take oral medications. Cimetidine can cross the placenta, but adverse fetal effects
are unproved. The gastric effects of cimetidine last as long as 3
or 4 hours, and therefore this drug is suitable for operations of
that duration. Side effects of cimetidine include inhibition of the
hepatic mixed-function oxidase enzyme system; therefore, it can
prolong the half-life of many drugs, including diazepam, chlordiazepoxide, theophylline, propranolol, and lidocaine. The clinical
signiicance of this after one or two preoperative doses of cimetidine is uncertain. Life-threatening cardiac dysrhythmias, hypotension, cardiac arrest, and central nervous system depression have
been reported after cimetidine administration. These side effects
may be especially likely to occur in critically ill patients after rapid
intravenous administration. As discussed previously, cimetidine
does not affect gastric luid already present.
RANITIDINE. Ranitidine is more potent, speciic, and longer acting
than cimetidine. The usual oral dose is 150 mg. Ranitidine, 50 mg,
given parenterally will decrease gastric luid pH within 1 hour. It
is as effective in reducing the number of patients at risk for gastric
aspiration as cimetidine and produces fewer cardiovascular or
central nervous system side effects. The effects of ranitidine last
up to 9 hours. Thus, it may be superior to cimetidine at the conclusion of lengthy procedures in reducing the risk of aspiration
pneumonitis during emergence from anesthesia and extubation
of the trachea.
FAMOTIDINE.

It is a third H-2 receptor blocker that has been given
preoperatively to raise gastric luid pH. Its pharmacokinetics are
similar to those of cimetidine and ranitidine, with the exception
of having a longer serum elimination half-life than the other
two drugs. Famotidine in a dose of 40 mg orally 1.5 to 3 hours
preoperatively has been shown to be effective in increasing
gastric pH.
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Antacids are used to neutralize the acid in gastric contents. Randomized controlled trials demonstrate their effectiveness.93 A
single dose of antacid given 15 to 30 minutes before induction
of anesthesia is almost 100% effective in increasing gastric luid
pH above 2.5. The nonparticulate antacid, 0.3 M sodium citrate,
is commonly given before emergency operations. The nonparticulate antacids do not produce pulmonary damage themselves
if aspiration should occur. Although colloid antacid suspension
may be more effective than the nonparticulate antacids in increasing gastric luid pH, aspiration of particulate antacids may cause
signiicant and persistent pulmonary damage, such as pulmonary
edema and arterial hypoxemia.
Withholding antacids because of concern about increasing
gastric volume is not warranted, considering animal evidence
documenting increased mortality after aspiration of low volumes
of acidic gastric luid (0.3 mL/kg, pH 1) compared with aspiration
of large volumes of buffered gastric luid (1 to 2 mL/kg, pH 1.8).96
Complete mixing of the antacid with all gastric contents may be
questionable in the immobile patient, and the effect of antacids
on food particles within the stomach is unknown.

Proton Pump Inhibitors
PPIs suppress gastric acid secretion in a dose-dependent manner
by binding to the proton pump of the parietal cell. Randomized
controlled trials support their eficacy in reducing gastric volume
and acidity.93,97 For an adult patient, administering 40 mg of IV
omeprazole 30 minutes before induction has been used. Oral
doses of 40 to 80 mg must be given 2 to 4 hours before surgery
to be effective. Effect on gastric pH may last as long as 24 hours.

Gastrokinetic Agents: Metoclopramide
Meta-analysis of randomized placebo-controlled trials support
the eficacy of metoclopramide to reduce gastric volume and is
equivocal regarding its effect on gastric acidity during the perioperative period.93 Metoclopramide is a dopamine antagonist that
stimulates upper gastrointestinal motility, increases gastroesophageal sphincter tone, and relaxes the pylorus and duodenum. It
also has antiemetic properties. Metoclopramide speeds gastric
emptying but has no known effect on acid secretion and gastric
luid pH. It may be administered orally or parenterally. A parenteral dose of 5 to 10 mg is usually given 15 to 30 minutes before
induction. Administration intravenously over 3 to 5 minutes usually prevents the abdominal cramping that can occur from more
rapid administration. An oral dose of 10 mg achieves onset within
30 to 60 minutes. The elimination half-life of metoclopramide is
approximately 2 to 4 hours.
The clinical usefulness of the gastrokinetic agents is found in
those patients who are likely to have large gastric luid volumes,
such as parturients, patients scheduled for emergency surgery,
obese patients, trauma patients, and those with gastroparesis secondary to diabetes mellitus. However, it is not recommended for
those patients diagnosed with bowel obstruction. The combination of metoclopramide with an H-2 receptor antagonist does not
decrease the effect of either drug, and the effects may be additive.93
As reviewed above, the drugs used to decrease gastric luid volume and acidity are effective and relatively free of side effects. The
use of these agents is warranted in patients with decreased gastric
emptying, relux, and those presenting for emergency procedures.
However, none of the drugs or combination of drugs is absolutely
reliable in preventing the risk of aspiration in all patients all of the
time. Therefore, their use does not eliminate the need for care-

ful anesthetic techniques to protect the airway during induction,
maintenance, and emergence from anesthesia.

PsyChologiCal/pharmaCologiCal
preparation
Anesthetic management for patients begins with preoperative
psychological preparation and, if necessary, preoperative medication. Speciic pharmacologic actions should be kept in mind
when these drugs are administered before operation, and they
should be tailored to the needs of each patient. The anesthesiologist should assess the patient’s mental and physical condition during the preoperative visit. Because it is actually the beginning of
the anesthetic, choice of preoperative medication should be based
on the same considerations as the choice of anesthesia, including
considerations of the patient’s medical problems, requirements
of the surgery, and recovery goals. Satisfactory preoperative
preparation and medication facilitate an uneventful perioperative course. Poor preparation may begin a series of problems and
misadventures.
No consensus exists on the choice of preoperative medications,
and historically their use was dominated by tradition. A signiicant
decrease in preoperative sedation has been driven by the everincreasing numbers of outpatient procedures performed. There is
general agreement that most patients should enter the OR after
anxiety has been relieved, and this should be accomplished without affecting patient safety or prolonging recovery time.
Preoperative medication involves not only sedation, but also
physiologic preparation. The patient should be instructed regarding whether to take or withhold any prescribed medications on
the day of surgery. It includes prescribing other mediations to
prevent perioperative complications such as aspiration or allergic
reactions in patients at risk.

Psychological Preparation
Psychological preparation of the patient involves preoperative visit
and interview with the patient and family members. The anesthesiologist should explain anticipated events and the proposed anesthetic management in an effort to reduce anxiety and allay apprehension. Patients may perceive the day of surgery as the biggest,
most threatening day in their lives; they do not wish to be treated
impersonally in the OR. The anesthesiologist’s irst direct encounter with the patient may be in the immediate preoperative period.
A growing number of patients receive their preanesthetic evaluations by others in preoperative evaluation clinics or just prior to
surgery. Preoperative visits must be conducted eficiently, but they
must also be informative and reassuring, answering all questions.
Most of the anesthesiologist’s time is spent with an unconscious or
sedated patient; therefore, he/she must take time before the operation to earn the trust and conidence of that patient.
Most patients are anxious before surgery. Studies show that,
depending on the intensity of inquiry, 40% to 85% of patients are
apprehensive before surgery. Preoperative anxiety states are at a
high level, and most patients expect apprehension to be relieved
before they arrive in the OR. The classic study by Egbert et al.98
showed that an average of 57% of patients felt anxious before
operation. An informative and comforting preoperative visit
may replace many milligrams of depressant medication. For
example, the study by Egbert et al. showed that more patients
were adequately prepared for surgery after a preoperative interview than after 2 mg/kg of pentobarbital given intramuscularly
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table 22-14. compariSon of preoperative viSit (percentage of
patientS) anD pentobarbital (2 mg/kg im)
Felt Drowsy

Felt Nervous

Adequate Preparation

18
30
26
38

58
61
40
38

35
48
65
71

Control group
Pentobarbital group
Preoperative visit
Preoperative visit and pentobarbital

IM, intramuscularly.
Data from Egbert LD, Battit GE, Turndorf H, et al. The value of the preoperative visit by the anesthetist. JAMA. 1963;185:553.

1 hour before surgery (Table 22-14).98 However, psychological
preparation cannot accomplish everything and will not relieve
all anxiety.
After the patient interview, the use of preoperative medication
in selected patients serves to achieve amnesia or sedation, as well
as provide any needed analgesia. Always remember that preoperative depressant drugs are not a substitute for a comforting and
tactful preoperative visit.

Pharmacologic Preparation
The ideal drug or combination of drugs for preoperative pharmacologic preparation is as elusive as is the ideal anesthetic technique
and is not based on a large body of data that is either deinitive or
persuasive. In selecting the appropriate drug and dose for preoperative medication, the patient’s psychological condition, physical status, and age must be considered. The surgical procedure,
expected duration, and whether it is an outpatient procedure are
important factors as well. Finally, the anesthesiologist must know
the patient’s weight, prior response to depressant drugs, including unwanted side effects, and allergies.
The goals to be achieved for each patient with preoperative
medication are intimately involved in the selection process. The
desired goals may be multiple and should be tailored to the needs
of each patient. Some of the goals, such as relief of anxiety and

production of sedation, apply to almost every patient, whereas
others, such as aspiration prophylaxis, are necessary only occasionally. Prophylaxis against allergic reactions, such as to latex,
applies in only a few instances. Prevention of autonomic relexes
mediated through the vagus nerve or prevention of nausea may
be better attempted immediately before the anticipated need.
Some patients should not receive depressant drugs before surgery. Those with little physiologic reserve, head injury, hypovolemia, or at the extremes of age may be harmed more than helped
by many of the medications normally used before operation. In
contrast, the conditions of others demand that attempts be made
pharmacologically to reduce anxiety and provide analgesia or dry
secretions in the airway to produce a safer perioperative course.
For elective surgery, the anesthesiologist will, in most instances,
want the patient to enter the OR free of anxiety and sedated, yet
easily arousable and cooperative.
The timing and route of administration of the preoperative
medications are important. Every attempt should be made to time
the administration of the preoperative medications so that they
achieve their full effect before the patient’s arrival in the OR. As a
general rule, oral tablets should be given to the patient 60 minutes
before arrival in the OR. Intravenous agents, on the other hand,
produce effects after a few circulation times. The drug(s), doses,
route of administration, and effects should be recorded on the
anesthetic record. A list of common preoperative medications is
presented in Table 22-15.

table 22-15. common preoperative meDicationS, DoSeS, anD
aDminiStration routeS
Medication

Administration Route

Dose

Lorazepam
Midazolam
Fentanyl
Morphine
Meperidine
Cimetidine
Ranitidine
Metoclopramide
Atropine
Glycopyrrolate
Scopolamine

Oral, IV
IV
IV
IV
IV
Oral, IV
Oral
IV
IV
IV
IV

0.5–4 mg
Titration of 1.0–2.5 mg doses
Titration of 25–50 µg doses
Titration of 1.0–2.5 mg doses
Titration of 10–25 mg doses
150–300 mg
50–200 mg
5–10 mg
0.2–0.4 mg
0.1–0.2 mg
0.1–0.4 mg

IV, intravenous.
Modiied from Stoelting RK, Miller RD, eds. Basics of Anesthesia. New York: Churchill Livingstone; 1984.
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table 22-16. compariSon of pHarmacologic variableS of
benZoDiaZepineS

Dose equivalent (mg)
Time to peak effect after oral dose (h)
Elimination half-time (h)
Clearance (mL/kg/min)
Volume of distribution (L/kg)

Diazepam

Lorazepam

Midazolam

10
1–1.5
20–40
0.2–0.5
0.7–1.7

1–2
2–4
10–20
0.7–1.0
0.8–1.3

3–5
0.5–1
1–4
6.4–11.1
1.1–1.7

Adapted from Reves JG, Fragen RJ, Vinick HR, et al. Midazolam: Pharmacology and uses. Anesthesiology. 1985;62:310; Stoelting
RK. Pharmacology and Physiology in Anesthetic Practice. Philadelphia, PA: JB Lippincott; 1987.

Benzodiazepines
Benzodiazepines are among the most popular drugs used for
preoperative medication because they produce anxiolysis, amnesia, and sedation (Table 22-16). Because the site of action of
benzodiazepines is located on the GABA receptor in the central
nervous system (Fig. 22-4), there is relatively little depression
of the ventilatory or cardiovascular systems with premedicant
doses. Benzodiazepines have a wide therapeutic index and a low
incidence of toxicity. Other than central nervous system depression, which can be of excessive duration especially with lorazepam, these drugs lack the side effects common to opioids, such as
nausea and vomiting. Two caveats to keep in mind: These drugs
are not analgesic agents, and benzodiazepines may not always
produce a calming effect, but rarely can cause a paradoxical agitation, manifested as restlessness and delirium.
MIDAZOLAM. Midazolam has predominantly replaced the use
of lorazepam and diazepam for preoperative medication and
conscious sedation. It is common to administer sedative doses
intravenously just prior to the trip to the OR. The physicochemical properties of the drug allow for its water solubility and rapid

Site for
picrotoxin
Site for
barbiturates

Site for
GABA

Chlorine
channel
Site for
steroids
Site for
benzodiazepines

Site
Chlorine

Figure 22-4. Schematic diagram of the benzodiazepine site on the
GABA (γ-aminobutyric acid) receptor. (Reproduced with permission
from Carlson N. Foundations of Physiological Psychology. 7th ed. Boston,
MA: Pearson Education, Inc; 2007:115.)

metabolism. As with other benzodiazepines, midazolam produces
anxiolysis, sedation, and amnesia. It is 2 to 3 times as potent as diazepam because of its increased afinity for the benzodiazepine receptor. The usual dose is 1 to 2 mg titrated at a time intravenously.
There is no irritation or phlebitis with injection of midazolam, as
opposed to diazepam. The incidence of side effects after administration is low, although depression of ventilation and sedation
may be greater than expected, especially in elderly patients or
when the drug is combined with other central nervous system
depressants. The onset after intravenous administration would
be expected to occur after 1 to 2 minutes. In addition to quicker
onset, more rapid recovery occurs after midazolam administration
compared with diazepam. This more rapid onset is the result of
the lipid solubility of midazolam and its rapid redistribution to the
peripheral tissues and metabolic biotransformation. For these reasons, midazolam should usually be given within an hour of induction. Midazolam is metabolized by hepatic microsomal enzymes
to essentially inactive hydroxylated metabolites. H-2 receptor
antagonists do not interfere with its metabolism. The elimination
half-life of midazolam is approximately 1 to 4 hours and may be
extended in the elderly. Tests show that mental function usually
returns to normal within 4 hours of administration, and amnesia
may only last 20 to 30 minutes.99 The properties of midazolam
make it ideal for shorter procedures.
LORAZEPAM AND DIAZEPAM.

Lorazepam is 5 to 10 times as potent as
diazepam and can produce profound amnesia, relief of anxiety,
and sedation (Fig. 22-5).100 Like diazepam, it has an extremely
long half-life, but an even longer duration because of its afinity for the receptor.101 Because of their duration, lorazepam and
diazepam are not useful in instances in which rapid awakening
is necessary, such as with outpatient anesthesia. Their use may
be more suited for those patients already taking chronic benzodiazepines for anxiety and who may need the anxiolysis prior to
arrival in the preoperative area.
Although lorazepam is insoluble in water and requires a solvent
such as polyethylene glycol or propylene glycol, IV administration,
unlike diazepam, is not associated with pain on injection or phlebitis. In addition to the intravenous route, lorazepam is reliably
absorbed orally. Bradshaw et al.102 demonstrated clinical effects
30 to 60 minutes after oral administration of lorazepam. Peak
plasma concentrations may not occur until 2 to 4 hours after oral
administration. Therefore, lorazepam must be ordered well before
surgery so that the drug has time to be effective before the patient
arrives in the OR. Lorazepam also may be given sublingually.
The usual dose is about 25 to 50 µg/kg and should not exceed
4 mg.100,101 With recommended doses, anterograde amnesia may
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Figure 22-5. Percentage of patients in each group
failing to recall specific events of the operative day.
Medications were administered intramuscularly. O.R.,
operating room; I.V., intravenous. (Reprinted from Fragen RJ, Caldwell N. Lorazepam premedication: Lack of
recall and relief of anxiety. Anesth Analg. 1976;55:792,
with permission.)
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be produced for as long as 4 to 6 hours without excessive sedation.
Higher doses lead to prolonged and excessive sedation without more
amnesia. There are no active metabolites of lorazepam; because its
metabolism is not dependent on microsomal enzymes, there is less
inluence from age or liver disease. As with diazepam, little cardiorespiratory depression occurs with lorazepam.

Diphenhydramine
Diphenhydramine is a histamine-1 receptor antagonist, which
blocks the peripheral effects of histamine. It also has sedative,
anticholinergic, and antiemetic activity. A dose of 50 mg will last
3 to 6 hours in an adult. Diphenhydramine is not often used for
preoperative sedation, but it is often used in combination with
histamine-2 blockers and steroids for prophylaxis in patients with
latex allergy, as well as for prophylaxis before chemotherapy and
radiologic studies using contrast.

Opioids
Morphine and meperidine were historically the most frequently
used opioids for intramuscular preoperative medication, during a time when the majority of patients were admitted the night
before surgery. Currently, when analgesia is needed preoperatively, the administration of intravenous fentanyl with its rapid
onset and shorter duration has become much more common. In
a patient not experiencing pain, opioids may produce dysphoria.
The opioids given in premedicant doses do not produce sedation
or amnesia and are often combined with a benzodiazepine for
these effects. Opioids are also useful to ameliorate the discomfort during regional anesthesia procedures or during the insertion
of invasive monitoring catheters or large intravenous lines. The
analgesic properties and respiratory depressant effects of opioids
usually go hand in hand. The decrease in the carbon dioxide drive
at the medullary respiratory center may be prolonged. Furthermore, there is a decrease in the responsiveness to hypoxia at the
carotid body after injection of only low doses of opioids.103 The
anesthesiologist may wish to consider supplemental oxygen for
the patient receiving opioid premedication. A common side effect
of all opioids is nausea and vomiting, which are due to effects on
the chemoreceptor trigger zone as well as the vestibular system.
Fentanyl is a synthetic opioid agonist structurally similar to
meperidine. It is 75 to 125 times more potent than morphine in its
analgesic characteristics. The lipid solubility of fentanyl is greater

than that of morphine, which contributes to its rapid onset of
action. Peak plasma concentrations occur within 6 to 7 minutes following intravenous administration and its elimination half-time is
3 to 6 hours. The drug’s much shorter duration of action is attributed to redistribution to inactive tissues, such as the lungs, fat, and
skeletal muscle. Metabolism occurs primarily by N-demethylation
to norfentanyl, which is a less potent analgesic. In doses of 1 to
2 µg/kg intravenously, fentanyl may be used to provide preoperative analgesia. Fentanyl causes neither myocardial depression nor
histamine release, but may be associated with ventilatory depression and profound bradycardia. Elderly and debilitated patients
can be expected to have an increased sensitivity to its effects. Synergistic effects with benzodiazepines warrant close observation
when this combination is given in the preoperative period.

Opioid-dependent Patients
Withdrawal produced by drug cessation is a preoperative issue
in the patient who is taking methadone or is dependent on other
opioids. There should be an attempt to maintain opioid use at the
usual level by continuing methadone or substituting other appropriate agents for methadone. The anesthesiologist should be cautioned about using agonist–antagonist drugs in these patients in
the preoperative period for fear of producing withdrawal.

Anticholinergics
Historically, anticholinergic drugs were widely used when inhalation anesthetics produced copious respiratory tract secretions
and intraoperative bradycardia was a frequent danger. The advent
of newer inhalation agents has markedly decreased the routine
use of anticholinergic drugs for preoperative medication. Speciic
indications for an anticholinergic before surgery are (1) antisialagogue effect, (2) sedation and amnesia, and (3) vagolytic effect
(Table 22-17). In the past, anticholinergics were also administered in an attempt to decrease gastric acid secretion, but research
has shown them not to be effective for this purpose.93

Antisialagogue Effect
Anticholinergics have been prescribed in a selective fashion when
drying of the upper airway is desirable. For example, when awake
iberoptic endotracheal intubation is a possibility or bronchoscopic
exam is planned, the anesthesiologist will ind the conditions more
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table 22-17. compariSon of effectS of tHree anticHolinergic DrugS

Increased heart rate
Antisialagogue
Sedation

Atropine

Glycopyrrolate

+++
+
+

++
++
0

Scopolamine
+
+
+++

0, no effect; +, small effect; + +, moderate effect; + + +, large effect.
Adapted from Stoelting RK. Pharmacology and Physiology in Anesthetic Practice. Philadelphia, PA: JB Lippincott; 1991.

satisfactory for visualization when an anticholinergic drug has
been administered.104 Anticholinergics are also felt to increase the
effectiveness of topical anesthesia in the airway by preventing a
dilutional effect from secretions and allowing contact of the local
anesthetic with the mucosa. Surgeons may also request an antisialagogue for intraoral operations. Glycopyrrolate is the most potent
antisialagogue, with less likelihood of increasing heart rate than
atropine. Because glycopyrrolate is a quaternary amine, it does not
easily cross the blood–brain barrier and does not produce sedation
as seen with scopolamine, a tertiary amine.

Sedation and Amnesia
While midazolam has largely taken over as the preoperative sedative of choice, historically scopolamine was often given intramuscularly in combination with morphine. Scopolamine does
not produce amnesia in all patients. It may not be as effective
as lorazepam or diazepam in preventing recall. Scopolamine
has an additive amnestic effect when combined with benzodiazepines. The study by Frumin et al.105 showed that the combination of diazepam and scopolamine produced amnesia more
often than did diazepam alone. The additive amnestic effect
may be useful for the unstable patient who does not tolerate
general anesthesia.

INTRAOCULAR PRESSURE.

Mydriasis and cycloplegia from anticholinergic drugs may place patients with glaucoma at risk for increased
intraocular pressure. Atropine and glycopyrrolate may be less likely
to increase intraocular pressure than scopolamine. In patients with
glaucoma, most anesthesiologists feel safe in continuing medications for glaucoma up until the time of surgery and using atropine
or glycopyrrolate when necessary.

HYPERTHERMIA.

Sweat glands of the body are innervated by the
sympathetic nervous system, but use cholinergic transmission.
Therefore, administration of anticholinergic agents interferes with
the sweating mechanism, which may cause body temperature to
increase, especially when using active warming devices in the OR.
The patient appears hot and dry. In children, one will typically
ind that the subsequent increase in temperature will drive the
heart rate up further.

PsyChologiCal anD
pharmaCologiC preparation
For the peDiatriC patient

10 Compared with adults, preoperative preparation for children
includes age-speciic psychological preparation and an emphaVagolytic Action
sis on oral medications when pharmacologic sedation is desired.
Vagolytic action of the anticholinergic drugs is produced through
What remains the same is the need to assess the needs of each
the blockade of effects of acetylcholine on the sinoatrial node.
child individually and to tailor the psychological preparation and
Atropine given intravenously is more potent than glycopyrrolate
preoperative medication accordingly.
in increasing heart rate. The vagolytic action of the anticholinergic drugs is useful in the prevention of relex bradycardia that
Psychological Factors in
may result from traction on extraocular muscles or abdominal
viscera, carotid sinus stimulation, or repeated doses of succinylPediatric Patients
choline. As these bradycardic events occur in the OR, it is more
effective to administer the drug during anesthesia.
Hospital admission and major surgery can produce long-lasting
psychological effects in some children. The hospital stay is stressful and full of apprehension for almost all children. The demeanor
Side Effects of Anticholinergic Drugs
and communicative efforts of the anesthesiologist can make a difCENTRAL NERVOUS SYSTEM TOXICITY. Scopolamine and atropine (tertiary
ference to the child and family who are getting ready for a proceamines) may cause central nervous system toxicity, the so-called
dure under anesthesia.
central anticholinergic syndrome. This syndrome is most likely to
Age is probably the most important aspect when psychological
occur after the administration of scopolamine, but can be seen after
preparation of the pediatric patient is considered. A baby younger
high doses of atropine. The symptoms of central nervous system
than 6 to 8 months of age is not emotionally upset when separated
toxicity resulting from anticholinergic drugs include delirium, restfrom his/her parent. Others in the health-care team can substitute
lessness, confusion, and obtundation. Elderly patients and patients
very easily. Preoperative preparation in this age group is often
with pain appear to be particularly susceptible, and the syndrome
directed toward educating and comforting the parents. However,
has been noted to be potentiated by inhalation anesthetics. The
toddler and preschool children are at an age when hospitalization
administration of 1 to 2 mg of physostigmine intravenously can
may be the most upsetting and will become upset when separated
successfully treat the syndrome.
from their parents or entering the OR. It is dificult to explain
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the forthcoming events to children in this age group. It is easier
to communicate with patients from age 5 years to adolescence.
The anesthesiologist can explain and offer reassurance about
such issues as separation from parents and the home, OR events,
and any of the patient’s perceived fears of surgery and anesthesia. Adolescent patients may already be anxious and apprehensive. They may also be worried about loss of consciousness, have
a fear of death, or be apprehensive about what they will do or say
after preoperative sedation or during anesthesia. The more fearful
child may be dificult to identify, but is usually the child who is
quiet during the preoperative interview and appears nonchalant
or even detached. If these patients can be identiied before operation, they are often candidates for premedication.
For the previously mentioned reasons, a good preoperative visit
and proper psychological preparation may be even more important
in children than adults. The art of psychological preparation that
is acquired by the anesthesiologist makes the preoperative visit a
time of reassurance and explanation. It is an opportunity to connect with the child by becoming familiar with their favorite games,
toys or cartoons, and to gain their trust. Most anesthesiologists will
want to involve the parents when possible. Some hospitals have
found brochures, motion pictures, and slide shows to be helpful in
preparing pediatric patients for the OR but are not uniformly satisfactory. The child may want to bring a personal belonging, such
as a stuffed animal or blanket, to the OR for security. When caring
for any age child, but especially the toddler or preschooler, the most
effective techniques are those using distraction, rather than reassurance. The school age child may wish to take an active role by doing
such things as holding the face mask during inhalation induction
of anesthesia. It may be helpful for a child with supportive parents
to have them accompany the child to the OR after an explanation
of events that may occur during induction. The emphasis is on
support from the parent, rather than simply their presence.106 It is
common in some hospitals for a parent to go into the OR and stay
until induction is complete.

Pharmacologic Preparation for
Pediatric Patients
The discussion of pharmacologic preparation for the pediatric
patient presumes proper psychological preparation, a satisfactory OR environment, and preparation for an eficient and timely
induction of anesthesia. Premedication generally is not used before
the infant has developed separation anxiety. In patients without
IV access, oral premedication is useful to reduce apprehension,
produce sedation and amnesia, and facilitate smooth induction of
anesthesia when an inhalation method is planned. The use of preoperative medication is controversial in pediatric patients and may
not be completely successful in as many as 20% of instances.107 It
has not been proved to reduce unwanted psychological outcome
after surgery and anesthesia. Neither has it been shown that the
uneventful induction of anesthesia is less likely to produce longlasting psychological problems in children. There is emphasis on
avoiding intramuscular injections in children, and the oral route is
often preferred for preoperative medication.

Midazolam
Many different sedative–hypnotic drugs via different routes (oral,
intranasal, intramuscular, and rectal) have been prescribed for children before operation. However, oral midazolam has become the
most commonly used premedicant at a dose of 0.5 to 0.75 mg/kg
(Fig. 22-6).108,109 The cherry-lavored oral preparation is acceptable
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Figure 22-6. Percentage of patients exhibiting anxiety from baseline
to time after oral midazolam. There was a positive association between
dose and onset of anxiolysis (p = 0.01); a larger proportion of children
achieved satisfactory anxiolysis within 10 minutes at the higher doses.
(Reprinted from Coté CJ, Cohen IT, Suresh S, et al. A comparison of
three doses of a commercially prepared oral midazolam syrup in children. Anesth Analg. 2002;94:37, with permission.)

to most children, although it has a bitter aftertaste. It is effective in
producing sedation and compliance, but not usually sleep, in about
15 minutes and lasts for 30 to 60 minutes. Intranasal midazolam is
also very effective and has a faster onset, but has the disadvantage of
causing nasal burning and bitter aftertaste. Using the concentrated
parenteral formulation of midazolam (5 mg/mL), the usual intranasal dose is 0.2 to 0.3 mg/kg and it is administered most easily via
a nasal atomizer.

Ketamine
Oral ketamine (5 to 10 mg/kg) has been prescribed 20 to 30 minutes before induction. Although often allowing smooth separation
from parents, oral secretions and preoperative or postoperative
delirium can be problems. Intramuscular ketamine (5 to 10 mg/kg)
can be particularly helpful in the older or handicap patient who
is extremely recalcitrant or combative. An antisialagogue is often
used with ketamine to prevent copious secretions.
Both midazolam and ketamine, as well as barbiturates such as
methohexital or pentobarbital, have been administered rectally
to infant or toddler-age patients with success, although this has
become increasingly rare.

Opioids
There is the occasional need for opioid premedication in children
suffering from pain. When an IV catheter is not in place, transmucosal administration of fentanyl in the form of the Oral Transmucosal Fentanyl Citrate (OTFC) lollipop or the IV formulation
(10 to 15 µg/kg) appears to be effective in producing sedation
preoperatively, although the pharmacokinetics are highly variable.110 Disadvantages of transmucosal fentanyl include a possible
increase in gastric luid volume and an increase in the incidence
of rigidity, respiratory depression, pruritus, nausea, and vomiting. Fentanyl has also been administered by the intranasal route

(2 µg/kg), but again, postoperative nausea and vomiting, in addition to respiratory complications, have resulted in lack of enthusiasm for this technique.
For information on anesthesia for ambulatory surgery, see
Chapter 30.

9.
10.
11.

antibiotiC prophylaXis
Surgical antibiotic prophylaxis has become an outcome measure
on which hospital and anesthesia performance are measured, and
reimbursement or even accreditation may depend on properly
timed and dosed administration. Anesthesiologists frequently
administer antibiotics to patients prior to surgery for contaminated and clean-contaminated procedures, or for clean surgical
procedures when infection would be catastrophic, such as for
device implants. Other indications for the use of prophylactic
antibiotics include the prevention of endocarditis and the prevention of infection in immunocompromised patients.
Cephalosporins are the most popular antibiotics because they
cover skin microbes. For intestinal surgery anaerobic and Gramnegative coverage is needed. The National Surgical Infection
Project recommends that antibiotics be administered within 1
hour prior to incision.111 There are two exceptions to this policy:
(1) Vancomycin should be given 2 hours prior to incision, and
(2) when a tourniquet is used, the antibiotics should be administered prior to its inlation. Furthermore, if the surgical procedure is prolonged, it is recommended that the antibiotic be
redosed when two half-lives have elapsed. For example, cefazolin has a half-life of 2 hours; therefore it should be redosed if
the surgical procedure extends past 4 hours. Research on morbidly obese patients has shown that the dose required to achieve
adequate tissue levels is twice that for normal weight patients.112
Those allergic to penicillin, cephalosporins, and related compounds (beta-lactam allergy) may receive either vancomycin or
clindamycin.
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summary oF patient preparation
27.

The anesthesiologist who takes the time to adequately prepare the
patient medically and psychologically for anesthesia and surgery
will ind that their job of caring for the patient intraoperatively
becomes easier, and they are more likely to have a positive outcome as well as a satisied patient.
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